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Abstract

Introduction

Acute uncomplicated urinary tract infection (UTI) is a common condition with potentially serious 

sequelae that is mostly diagnosed and managed in primary care settings. Around half of all women 

have a UTI in their lifetime, and a quarter experience an infection caused by organisms resistant to 

more than one antibiotic. Reducing inappropriate prescribing of antibiotics is a core tenet of 

antimicrobial stewardship. However, current diagnostics for UTI are unfit for purpose in the acute 

(highest prescribing) settings, being too slow to inform the required immediate decision making and 

often confounded by sample contamination.

Rapid point-of-care diagnostic tests (POCT) that facilitate timely decision making are potential 

solutions to this problem. Several such tests have reached advanced stages of technology readiness, 

but their diagnostic performance has not been evaluated in primary care with clinical users. To 

progress novel tests toward implementation, a diagnostic field study is required, to allow for parallel 

and sequential evaluation of multiple tests in a primary care population.

Methods and analysis

We will recruit participants assigned female at birth from GP practices in England who contact their 

primary care clinic with symptoms of acute uncomplicated UTI. Eligible participants will complete a 

short questionnaire to capture symptoms and symptom severity and will provide a urine sample. 

Samples will be split and initially tested using novel index tests (POCT) and conventional urinalysis 

‘dipstick’ at the primary care clinic. The second part of the sample will be processed at an NHS-based 

reference laboratory using a modified reference standard including microscopy, microbiological 

culture, pathogen speciation, and antimicrobial susceptibility testing. The UTI reference standard 

culture, although based on the national methods, is modified to provide accurate bacterial counts, 

better to define a microbiological diagnosis of UTI. Susceptibility testing will be performed using “gold 

standard” methods, not usually performed in diagnostic laboratories. The primary outcome will be the 

diagnostic performance of POCTs for detection of UTI and antimicrobial susceptibility for POCTs that 

include antimicrobial susceptibility testing. Secondary outcomes will include the symptom profile of 

patients presenting with uncomplicated UTI, a theoretical determination of how use of POCT results 

might change prescribing, an understanding of POCT failure rate, and qualitative capture of the 

experiences of those using the POCT to delivering the study in GP surgeries.
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Ethics and dissemination

Ethical approval was received from the London Central Research Ethics Committee (23/LO/0371) and 

the UK Health Research Authority. We will publish the findings of TOUCAN evaluations in peer-

reviewed medical journals and more broadly following a dissemination plan formulated by a 

communications specialist in consultation with patients and the public.

Registration

ISRCTN registry number: 80937472

Page 4 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Strengths and limitations of this study (box)

• Prospective study design

• Common sample used for (potentially) multiple index point-of-care tests (POCT) and reference 

standard testing

• Embedded qualitative study to capture clinical user perspectives on test use and 

implementation

• Limited power to determine the diagnostic performance of POCTs that include antimicrobial 

susceptibility testing against all potential antibiotics included on POCT testing panels, due to 

low prevalence of organisms resistant to antibiotics such as nitrofurantoin.

• The modified UTI reference standard culture (as performed by the NHS-based reference 

laboratory), whilst being modified for improved accuracy still has limitations which may make 

interpretation of discordant results challenging – conducting multiple POCT simultaneously 

may help mitigate this.
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Introduction

Half of all women experience a urinary tract infection (UTI) in their lifetime.1 The reference standard 

test for UTI is laboratory microscopy, microbiological culture and antimicrobial susceptibility testing 

(AST), commonly a 2-3-day process that may not produce clinically useful information; up to 30% of 

samples can be contaminated by host flora2 and loss of bacterial viability or overgrowth with time can 

yield misleading or no results. Use of sample collection tubes containing boric acid mitigates against 

bacterial overgrowth, but use of these tubes has not been universally adopted by laboratories. In 

consequence, the majority of suspected infections encountered in primary care are identified and 

treated empirically using clinical criteria, which have limited sensitivity and specificity.3

Antimicrobial resistance (AMR) is one of the greatest threats to human health and is driven further by 

inappropriate prescriptions of antibiotics.4 Our study of patients with microbiologically confirmed UTI 

in 4 EU member states detected urinary pathogens with resistance to a single antibiotic in 27% 

(57/209) of patients and resistance to >1 antibiotic in 25% of patients (53/209).5 There is therefore 

pressure to reduce inappropriate (unnecessary or incorrect) antibiotic prescribing for UTI, whilst 

acknowledging that under-treatment has the potential to lead to serious sequelae.6 The current 

standard of care involves using a combination of symptoms, signs and simple dipstick results to predict 

which women are most likely to have infection.7 Better tests are required to help clinicians avoid 

prescribing antibiotics in women who do not need them and prescribe the correct antibiotics to those 

who do.

Rapid point-of-care diagnostic tests (POCTs) are potential solutions to this problem. A survey of 1109 

UK GPs in 2012 highlighted UTI as the condition for which a POCT would be most helpful to support 

diagnosis.8 Current POCTs for UTI are sub-optimal, with urine dipsticks neither sensitive nor specific 

enough9, and are unable to provide information on the antibiotic sensitivity of pathogens. Diagnostic 

tests based on point-of-care bacterial culture on solid media are available, but these incorporate a 

12–24-hour incubation step and are therefore too slow to influence immediate decision making, and 

a trial incorporating this approach showed minimal impact on appropriate antibiotic prescribing.10 

Thus, improved and more rapid POCTs are needed.

New technologies are aiming to deliver a rapid diagnosis and, in some cases, a uropathogen AST at 

the point-of-care, facilitating timely and targeted treatment. Although a number of developers have 

carried out laboratory evaluation work using bacterial cultures, urine samples ‘spiked’ with known 

uropathogens, and genuine patient samples, there have been no robust independent evaluations of 

these exciting technologies in real-world settings. It is vital that the performance of these diagnostic 
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tests is evaluated before these devices are considered for inclusion in interventional studies or clinical 

practice.

In addition to POCT technologies, which are at or close to clinical readiness and so fully powered 

evaluations are appropriate, there are a number of innovators with potentially transformative early-

stage technologies that require crucial proof of principle evidence, using fresh urine samples, to 

proceed further with development. Under these circumstances, we intend to nest small pilot studies 

alongside our full-scale evaluations. New POCTs will be introduced into this platform study as and 

when available.
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Methods and analysis

Study design and setting

TOUCAN is a prospective diagnostic accuracy study allowing for parallel evaluation of index point-of-

care tests (referred to henceforth as POCTs) in a consecutively enrolled primary care population of 

female patients ≥18 years of age presenting with symptoms of uncomplicated UTI. TOUCAN began 

recruitment in September 2023. New POCTs will be introduced into the study as and when they 

become available, following due consideration of recruitment timelines to reach sample size. 

Participants recruited from GP Surgeries in England will be asked to provide a single urine sample 

which will undergo analysis by POCTs at the point-of-care alongside conventional urinalysis dipstick 

test, then reference standard laboratory urine processing including microscopy, modified culture and 

AST (performed using “gold standard” methods) at the NHS-based reference laboratory. Participants 

will provide the urine sample at baseline (the day they consult health care) and answer a short 

questionnaire including their age, ethnicity, symptoms, and confirmation of eligibility criteria. There 

will be no further patient follow-up, as this is a diagnostic accuracy study not concerned with effect 

on participant outcomes. Given the observational nature of the study, and uncertainty about test 

accuracy at this stage, POCT results will not be shared with participants or used to support clinical 

decision-making.

Primary objective

To determine the diagnostic performance in a primary care field study of novel POCTs for diagnosing 

urinary tract infection against standard microbiology laboratory processing, including “gold standard” 

AST results. Outcome measures will include sensitivity, specificity and predictive values for the 

detection of UTI and for AST results where this is an element of the POCT.

Secondary objectives

• To record the different symptoms of people who seek help from their GP with suspected 

uncomplicated UTI.

• Understand whether and how using the results of a new point-of-care test would result in changes 

in antibiotic prescribing.

• Determine how often POCTs fail, and how frequently they give uninterpretable results.

• To explore the experiences and perceptions of primary care staff involved in the use of new POCT 

for UTI, and how these might affect the feasibility of future implementation.

Page 9 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Study participants and their selection

People assigned female at birth, aged 18 years and over, presenting to primary care with suspected 

uncomplicated UTI will be eligible for participation in the study. The inclusion criteria detailed in Table 

1 are broad in order to encompass the widest range of inclusion criteria scenarios detailed across 

multiple manufacturers’ intended use statements.

Inclusion criteria

1. Female * (including pregnant women) 

2. Aged ≥ 18 years

3. Presenting to UK Primary Care with current symptoms that have been present for fewer 

than 7 days, that the patient or their primary care health professional considers are 

consistent with an uncomplicated UTI

4. Clinician confirms that urine sample for analysis is useful for patient’s care**

5. Participant is willing to give consent for participation in the study

Exclusion criteria

1. Previously recruited to this study 

2. Unable to provide a sample that was taken within the timeframe specified by POCT 

developers

3. Unable to understand and complete trial materials in English.

* Participants will be included only if they were assigned female at birth. 

** For example, urine sample tested before antibiotics are started to guide decision to prescribe 

and nature of prescription, sample tested where UTI symptoms have persisted despite antibiotics 

to guide decision to prescribe and nature of prescription.

Table 1. Study inclusion and exclusion criteria.

Recruitment

Study sites will be selected with the help of the NIHR Clinical Research Network (CRN), and will consist 

of primary care practices that are willing and able to adhere to the requirements of the study protocol. 

Participants will be selected through participating practices and will be identified through two key 

routes:

• When they book and attend (in person or on the telephone) a clinical appointment for a 

suspected, uncomplicated UTI
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• When they submit a urine sample for testing for a suspected, uncomplicated UTI at their 

primary care practice

Potential participants who call the practice and state they have a possible UTI will be asked to come 

to the practice to provide a sample, once at the practice they will be asked if they are happy to take 

part in the study and if they indicate they are, the recruitment process described below will be 

followed.

Screening and eligibility assessment

This will be a prospective opportunistic-recruitment study. Sequential potential participants will be 

screened as and when they present to their primary care practice with a suspected UTI. Once the 

participant has read the Participant Information Sheet (PIS), signed the Participant Summary sheet 

(PSS) to indicate their consent and completed the baseline questionnaire, their responses to the 

eligibility questions will be assessed and confirmed by the member of the practice team who will run 

the tests. Relevant sections of the participant’s medical records will be reviewed by an authorised 

member of practice staff, and any medical conditions relevant for the performance of the POCTs will 

be recorded in the study database. Potential participants should either receive the PIS in person at the 

practice or they can be sent a link via text message by the GP, to the trial website where they should 

download the participant information sheet before they attend the practice. Once they attend the 

practice to produce their urine sample they will be presented with the PSS/consent form to sign.

Informed consent

Online or written versions of the PIS will be presented to the participants detailing no less than: the 

exact nature of the study; what it will involve for the participant; the implications and constraints of 

the protocol; the known side effects and any risks involved in taking part. As all patient data will be 

collected at the baseline visit, it will not be possible to withdraw data and samples from the study 

after the baseline assessments are completed. This will be clearly explained in the PIS. Potential 

participants will be given time to consider the information, and the opportunity to question the 

Investigator, their GP or other independent parties to decide whether they will participate in the 

study. If they agree, consent proportionate to the study type and risk will be given by the participant 

signing and dating the appropriate part of the PSS/consent form. Study sites will use a web-based 

database system to record eligibility and confirm participant entry into the study, prior to the samples 

being processed for research. 
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Data collection

The study will use a bespoke study database with eligibility screening, symptom questionnaire, 

baseline assessment, POCT and laboratory electronic case report forms (eCRFs) developed on the 

REDCap electronic data capture tools platform11 12 and hosted by the University of Oxford.

Baseline assessments

Following participant consent and urine sample provision, the baseline questionnaire will capture the 

following information:

1. Whether the participant has previously taken part in the study.

2. Duration of symptoms of the current episode.

3. Participant age, affirmation of female gender assignment at birth, and ethnicity.

4. Date and time that urine sample was taken.

5. Symptom severity of the following symptoms on a scale from 0 to 6, where 0 is ‘not affected’ 

and 6 is ‘as bad as it could be’: Fever, pain or burning when passing urine, increased urgency 

of urination, increased day and night time frequency of urination.

6. Pregnancy status.

7. Whether the patient suffers from recurrent UTIs.

8. Whether the participant has taken antibiotics in the last 7 days and if so what antibiotics were 

taken.

The member of staff processing the sample will confirm eligibility of the participant (that the 

participant is aged 18 or over, female, that they have not taken part in the study before, and have not 

had UTI symptoms for longer than 6 days) before they process the sample. 

The following information will be collected by site staff during the visit and entered into the eCRF:

1. Time that each POCT and dipstick test were performed. 

2. Confirmation from a healthcare professional that a urine sample for analysis is useful for 

patient care.

3. Whether an antibiotic has been prescribed for this suspected UTI episode, and if so, the class, 

dose and duration of the antibiotic (this may not be immediately known but will be recorded 

once known).

4. Results from the POCTs and dipstick tests.

5. Confirmation and date that a sample was sent to the study reference laboratory.

Page 12 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

The following information will be collected by staff at the NHS-based reference laboratory and entered 

into the reference laboratory eCRF:

1. Reference test results.

2. Sample tracking details, including date and time the sample was received at the laboratory.

As patients would normally provide a urine sample as part of standard care, the study does not use 

any additional interventions that could be considered to carry a risk to participants and so adverse 

event data will not be collected.

Sample provision and handling, POCT(s) and reference standard

Sample provision and handling

Every participant will provide a midstream urine sample to their practice in a standard 30 ml universal 

container which does not contain sodium borate (Sterilin™ Polystyrene Universal, ThermoFisher 

Scientific, UK). Either fresh or previously collected samples will be used provided that they are 

processed within the timeframe specified by the manufacturer of the POCT, but a fresh sample will be 

preferred if the participant is willing to provide one. POCTs will be carried out by a member of the 

practice team who has received training on the devices from the manufacturer – i.e. mimicking as 

closely as possible how the test would be used in ‘real life’ primary care. If a sample is required for 

local laboratory testing as part of clinical management, the urine sample provided by the participant 

will be split using a no touch technique. The fraction required by the local laboratory will continue to 

be processed as a standard clinical sample using routine NHS processes.

The fraction of the sample required for the study reference standard testing will then be sent to the 

NHS-based reference laboratory in a 30 ml sodium borate container (Sterilin™ Polystyrene Universal 

Boric Acid, Thermofisher Scientific, UK). All samples will be destroyed after all laboratory tests have 

been performed, although bacterial isolates will be retained.

Index tests

Index tests will be POCTs for UTI, which may incorporate phenotypic antimicrobial susceptibility 

testing or molecular determination of uropathogen resistance to antibiotics. Specific details of study 

POCTs will be included as protocol appendices, with amendments to the protocol and ethical approval 

concluded prior to introduction of new tests.
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POCT manufacturers will provide training on device use either in person or via video link directly to 

study sites and to members of the TOUCAN central trial team. Study sites will be asked to adhere to 

manufacturer prescribed Quality Control schedules and procedures, with instruction provided during 

device training and through associated instrument manuals.

Conventional urinalysis (dipstick)

Sites will be provided with 10-parameter urinalysis reagent test strips (RS10, SureScreen Diagnostics, 

Annesley, UK), incorporating nitrite and leukocyturia detection. This test will be conducted 

concurrently with POCT runs and interpreted blind to any POCT results. The diagnostic performance 

of the urine dipstick in relation to the NHS-based reference laboratory result will be assessed and also 

compared with the diagnostic performance of POCTs. Clinicians caring for the patient will have access 

to the dipstick test result, which may help direct care.

Laboratory reference standard

Reference testing will be conducted at the laboratory of the Specialist Antimicrobial Chemotherapy 

Unit (SACU), Public Health Wales. All urine samples will undergo automated microscopy using a 

Sysmex UF 5000 system, then 50uL spiral plated onto UTI chromogenic media (diluted according to 

opacity of urine) and incubated overnight. Bacterial growth will be assessed as pure or predominant 

uropathogen growth and quantified to colony forming units per mL (CFU/mL). Each significant 

uropathogen will be identified using the MALDI-ToF mass spectrometry method. The UTI definitions 

set out in the UK Health Security Agency (Public Health England at time of publication) guide on 

investigation of urine (B41)13 will be used for microbiological UTI diagnosis as primary reference 

standard. The guide defines UTI as either probable or possible UTI according to the following criteria: 

Probable UTI is defined as ≥105 colony forming units per millilitre (CFU/ml) of pure culture, 

irrespective of White Blood Cell (WBC) levels. Possible UTI is defined using the following criteria: re 

culture at ≥105 with predominant growth (where the 2nd or 3rd organisms are at least 3xlog2 CFU/ml 

below the predominant organism) irrespective of WBC, growth of 2 organisms (dual culture: where 

both are ≥105 or one is ≥105 and the other ≥104) accompanied by WBC, pure or predominant culture 

at 104 – 105 accompanied WBC, predominant culture at 104 – 105  of a UTI pathogen species 

accompanied by WBC OR pure or dual culture (where both present are known urinary pathogens at 

103 – 104 accompanied by WBC). 

Quantitative culture will allow the application of European Guideline thresholds (≥103 CFU/mL) or 

similar if appropriate or desired. Antimicrobial susceptibilities will be performed by broth 

microdilution, the “gold standard” method, according to the International Standard 20776-114. 
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Susceptibility to a panel of antibiotics, according to pathogen, will be tested e.g. ampicillin, cefoxitin, 

cefpodoxime, ciprofloxacin, clindamycin, co-amoxiclav, fosfomycin, nitrofurantoin, penicillin, 

pivmecillinam, teicoplanin, trimethoprim, and vancomycin. Bacterial isolates will be stored at -80°C 

for further analysis.

Blinding

The majority of candidate POCTs considered for this study will generate results automatically without 

user interpretation. Should user interpretation be required, the sites will be asked to perform the 

novel POCT and urine dipstick in order, and this order will be communicated to the sites during the 

training of the POCT. Reference laboratory staff will be blinded to the results of POCTs carried out 

within GP practices.

Statistics and data analysis

The statistical aspects of the study relating to the analysis of the primary outcome are summarised 

here, with details fully described in a statistical analysis plan that will be finalised before any analysis 

takes place.

Statistical methods

To determine the diagnostic accuracy of multiple POCTs to detect UTI and determine antibiotic 

susceptibility if applicable (some tests may only provide a UTI diagnosis) for manufacturer defined 

antibiotic panels, participants will be cross-classified into 2x2 contingency tables according to:

• For the case of POCT which incorporate both UTI diagnosis and AST

o Samples determined to be UTI positive according to the POCT and organisms detected 

as resistant to panel antibiotic (yes/no)

o Samples determined to be UTI positive according to the laboratory reference standard 

and organisms detected as resistant to panel antibiotic (yes/no)

• For the case of POCT which incorporate UTI diagnosis only

o Samples determined to be UTI positive according to the POCT (yes/no)

o Samples determined to be UTI positive according to the laboratory reference standard 

(yes/no)

This information will be used to estimate the sensitivity, specificity, positive predictive value and 

negative predictive value for detection of UTI and for the AST where applicable (either phenotypic or 

molecular), for each POCT. Results will be presented with exact 95% confidence intervals. The 
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differences in the sensitivity and the specificity of the POCT to detect UTI and the corresponding 

parameters for the urine dipstick will be calculated and presented with 95% confidence intervals. This 

information will be used to estimate the proportion of samples that would be correctly classified by 

the POCT but not by the dipstick, or vice versa. Results of AST will be presented stratified by organism 

(as detected by the laboratory reference standard) and antibiotic, with allowance made for 

organism/antibiotic combinations in which the uropathogen is known to have intrinsic resistance or 

for which AST is not recommended to be reported in international guidance. AST results will 

additionally be classified and presented in terms of categorical agreement.

If feasible, for participants whose samples have been tested with more than one comparable POCT 

(i.e. paired sampling), results from the different POCTs will be additionally cross-tabulated against 

each other. The number of participants prescribed discordant antibiotics will be tabulated, and 

expressed as a proportion of the total, with a 95% confidence interval. These will also be tabulated by 

the reason for the discordance – for example, an antibiotic prescription without confirmed UTI, or a 

specific antibiotic being prescribed to an individual for whom the organism was not susceptible to that 

antibiotic. An exploratory analysis will summarise the baseline symptoms and dipstick results of (i) 

participants for whom the POCT and laboratory reference test gave discrepant results, (ii) participants 

for whom discordant antibiotic prescriptions were issued. If there are sufficient samples with multiple 

POCT results available, we will investigate using latent variable methods to simultaneously take 

account of all results performed on the same sample and quantify any changes of estimates in 

diagnostic accuracy parameters.15

The primary analysis for each POCT assessed will be based on participants’ compatibility with the 

exclusions of the relevant manufacturer’s Instructions For Use (IFU) and associated Approved 

Documentation, and a sensitivity analysis will include all participants. The primary analysis will use the 

laboratory reference standard definition of Probable UTI as defined in the details of the reference 

standard and a sensitivity analysis will use the definition of Possible UTI. Another sensitivity analysis 

will exclude samples detected by laboratory culture to be positive for bacterial species as either the 

sole or the predominant species where the POCT does not test for this organism. Further sensitivity 

analyses will be pre-specified in the statistical analysis plan.

As most missing test results are likely to be incidental, the primary analysis will use complete-sample 

data. We will report the test failure rate, with reasons if known, and the proportion of participants 

who could not be recruited because the time between sample production and analysis is longer than 

recommended by the manufacturer. To assess whether missing test data biases the diagnostic 

accuracy assessment16, the distributions of baseline characteristics and POCT results will be compared 
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for individuals with missing results and individuals with non-missing results to check for possible 

differential patterns of verification. If the proportion of missing data exceeds 10%, we will supplement 

the primary sensitivity and specificity results with values of the ‘test ignorance region’, i.e. the range 

of sensitivities and specificities that are consistent with the complete data, allowing for non-ignorable 

missing data.17 

Where appropriate, results will be presented according to the STARD guidelines for reporting 

diagnostic studies.18

Sample Size

Sample size requirements for POCTs are based around estimation of the sensitivity of a POCT to detect 

reference laboratory culture-confirmed UTI, and key antibiotic resistance markers where applicable. 

As candidate POCTs may have different levels of diagnostic performance, we present different 

scenarios, corresponding to sensitivities of 85%, 90%, 95% and 99%. The figures presented here are 

indicative only and an appropriate choice of sample size may differ, depending on the target 

performance of the POCT under consideration. 

Table 2 relates to testing the sensitivity of the POCT against a fixed target sensitivity, and Table 3 

indicates the expected precision of the estimated sensitivity for the same range of sample sizes. Test 

specificity is expected to be estimated with greater precision than test sensitivity, as a majority of 

samples collected are expected to test negative for UTI.

Minimum target sensitivity

0.8 0.85 0.9

0.85 617 / 471 - -

0.9 137 / 108 471 / 363 -

0.95 51 / 42 96 / 79 301 / 239

Assumed 

sensitivity of 

test
0.99 24 / 21 35 / 32 64 / 56

Table 2. Number of ‘positive’ samples required to detect a difference between the assumed sensitivity 

of the test (rows) and the minimum target sensitivity (columns) with 90% power (first number in each 

cell) and 80% power (second number in each cell), two-sided test at the 5% significance level.

Number of positive samples
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50 100 200 400 600

0.85 0.22 0.15 0.10 0.07 0.06

0.9 0.19 0.13 0.09 0.06 0.06

0.95 0.14 0.10 0.07 0.05 0.04

Assumed 

sensitivity 

of test
0.99 0.09 0.06 0.04 0.02 0.02

Table 3. Expected total width of the 95% confidence interval for the sensitivity, given the sensitivity 

of test (rows) and the number of ‘positive’ samples (columns).

The numbers in Table 2 refer to the numbers of ‘positive’ samples required. In the case of POCTs that 

attempt to detect UTI, the total sample size is estimated by dividing the appropriate number in the 

table by the assumed prevalence of UTI. For example, in the case in which the assumed sensitivity is 

99%, the minimum target sensitivity is 90%, and the prevalence of UTI is 30% (0.3), the total number 

of samples required for 90% power is 64/0.3 = 213. For tests that perform AST, the total sample size 

is estimated by dividing by the product of the assumed prevalence of UTI and the assumed proportion 

of UTI samples that contain a pathogen resistant to the antibiotic(s) of interest. For example, in the 

case in which the assumed sensitivity is 99%, the minimum target sensitivity is 90%, the prevalence of 

UTI is 30% (0.3), and the proportion of UTI samples that are trimethoprim-resistant is also 30% (0.3), 

the total number of samples required for 90% power is 64/(0.3×0.3) = 711. These assumptions are 

informed by previously published data for prevalence of laboratory confirmed UTI and antibiotic 

resistance in symptomatic patients in primary care settings.5

Any assessment of early-stage POCTs will use an initial pilot that aims to recruit 30 positive samples. 

For UTI detection without AST determination, this would require 100 samples in total, assuming a 

prevalence of 30%. In this scenario, the pilot study would be expected to estimate sensitivity with a 

95% confidence interval total width of 0.25 (e.g. 0.72 to 0.97), and specificity with a 95% confidence 

interval total width of 0.16 (e.g. 0.80 to 0.96), which will inform a decision on the suitability of the 

POCT to continue to a fully powered diagnostic accuracy assessment.

Up to 900 participants will be recruited based on the information outlined above. The sample size may 

require an amendment if additional point of care tests are to be added.
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Embedded qualitative study

Aims and objectives

To explore the experiences and perceptions of GP practice staff involved in the use of new rapid tests 

for diagnosing UTI, and how these might affect the feasibility of introducing the tests into primary care 

settings. To gather information about how the GP practice staff view the available tests, how they 

might implement them as part of consultation for patients with suspected UTI and how this impacts 

on their practice.

Study design

A qualitative methodology is highly appropriate for capturing and exploring people’s experiences and 

perceptions of phenomena – in this case new rapid tests for consultations with women attending 

primary care for suspected UTI – from the perspectives of the practice staff who will be administering 

the tests. We will conduct semi-structured interviews with the practice staff/trained operators. This 

method of data collection is well suited to capturing experiences and perceptions and has 

considerable power to explain actions, decisions and processes. A topic guide will be developed from 

the existing literature and previous experiences of the research team in conducting such research into 

point-of-care testing.

A general email will be sent from the TOUCAN Research Team to all the GP practices who are taking 

part in the evaluation of the new tests outlining the embedded qualitative study. Clinicians who have 

been involved in using the new tests will be invited to take part in the interviews. If they are interested 

in taking part, they will be asked to contact the TOUCAN research team using contact details given. 

When clinicians contact the TOUCAN research team, the purpose of the interview study will be 

explained and further details will be provided as requested. The information leaflet and the consent 

form will be sent via email or post as necessary. The clinician will also be informed of the options for 

timing, location, and format of the interview. It is anticipated that all the interviews will be conducted 

via telephone or through an online platform such as Teams. The clinician will have the opportunity to 

ask any questions, to receive further information, and also to decline any further contact. Clinicians 

will be informed that they will be able to speak freely at the interview without any negative 

implications or repercussions on employment. Any clinician who chooses not to participate further in 

the study will be reassured that this will in no way impact upon their current or future working.
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If the clinician is happy to proceed, an interview will be arranged. For interviews conducted via the 

telephone or online, the TOUCAN research team will ensure that participants have read and 

understood the participant information leaflet, have had an opportunity to have all questions and 

concerns addressed, and that they are willing to give their consent for the interview to proceed. Verbal 

informed consent using standardised wording from the Informed Consent form (ICF) will be captured. 

In these instances, the researcher will complete the ICF with details of the consent and will securely 

post/e-mail a copy to the participant for their records.

Sampling

We aim to interview a range of practice staff involved in the use of the new tests across a range of the 

GP practices, for each of the tests under evaluation. We would anticipate conducting at least 4-5 

interviews for each of the tests, incorporating views from a varied sample of clinicians, with different 

involvement in the process, around the potential use and communication of results. Recruitment for 

the qualitative study will continue until we are able to build up a sufficiently detailed picture of, and 

explanatory power for the findings around each of the tests. The decision to stop interviewing will be 

discussed and agreed among members of the research team. Approximately 20-24 interviews will be 

carried out. 

Analysis

Our approach to analysis of the qualitative data will be pragmatic and enable us to put together a 

picture of each of the tests as they are being evaluated, which can contribute to the development of 

the explanatory trial. We will use an adapted Framework analytical approach, which will allow us to 

transfer data around characteristics of the individual tests, and how they fit into the clinical setting, 

into matrices. Other thematic material will also be coded and categorised. This ongoing process will 

be discussed with the members of the research team, and further developed and refined as 

interviewing and analysis proceed.

Patient and Public Involvement Statement

The study team includes a named public co-investigator who is fully involved in study management 

and in discussions around prioritising new diagnostics for the platform. A PPI panel consisting of 

women with lived experience of UTI has advised on the study since inception. They have helped us to 

draft the patient facing details to ensure a clear overview of the study can be gained in the reasonably 

short time available between presentation to the recruiting site and recruitment. They will be involved 

in dissemination of our findings. 
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Ethics and dissemination

Ethical approval for the project has been received from the London Central Research Ethics Committee 

(23/LO/0371).

Results will be published in high-impact peer-reviewed journals, with additional project dissemination 

through presentation at scientific conferences. Project summaries which can be made publicly 

available will be developed in collaboration with public contributors and provided through e.g. the 

study website (https://www.phctrials.ox.ac.uk/studies/toucan-platform-for-uti-diagnostic-

evaluation). A detailed dissemination plan will be developed by a communications specialist in 

consultation with our PPI panel before study conclusion. The summary protocol of the study is 

available through the website of the ISRCTN Registry at https://doi.org/10.1186/ISRCTN80937472. 

Applications to access and use study data following completion and publication will be considered by 

the independent Primary Care Hosted Research Datasets Independent Scientific Committee 

(PrimDISC) which is hosted by the Nuffield Department of Primary Care Health Sciences at the 

University of Oxford.
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Abstract

Introduction

Acute uncomplicated urinary tract infection (UTI) is a common condition with potentially serious 

sequelae that is mostly diagnosed and managed in primary care settings. Around half of all women 

have a UTI in their lifetime, and a quarter experience an infection caused by organisms resistant to 

more than one antibiotic. Reducing inappropriate prescribing of antibiotics is a core tenet of 

antimicrobial stewardship. However, current diagnostics for UTI are unfit for purpose in the acute 

(highest prescribing) settings, being too slow to inform the required immediate decision making and 

often confounded by sample contamination.

Rapid point-of-care diagnostic tests (POCT) that facilitate timely decision making are potential 

solutions to this problem. Several such tests have reached advanced stages of technology readiness, 

but their diagnostic performance has not been evaluated in primary care with clinical users. To 

progress novel tests toward implementation, a diagnostic field study is required, to allow for parallel 

and sequential evaluation of multiple tests in a primary care population.

Methods and analysis

We will recruit participants assigned female at birth from primary care clinics in England who contact 

their clinic with symptoms of acute uncomplicated UTI. Eligible participants will complete a short 

questionnaire to capture symptoms and symptom severity and will provide a urine sample. Samples 

will be split and initially tested using novel index tests (POCT) and conventional urinalysis ‘dipstick’ at 

the primary care clinic. The second part of the sample will be processed at an NHS-based reference 

laboratory using a modified reference standard including microscopy, microbiological culture, 

pathogen speciation, and antimicrobial susceptibility testing. The UTI reference standard culture, 

although based on the national methods, is modified to provide accurate bacterial counts, better to 

define a microbiological diagnosis of UTI. Susceptibility testing will be performed using “gold standard” 

methods, not usually performed in diagnostic laboratories. The primary outcome will be the diagnostic 

performance (sensitivity, specificity, positive and negative predictive values) of POCTs for detection of 

UTI and antimicrobial susceptibility for POCTs that include antimicrobial susceptibility testing. 

Secondary outcomes will include the symptom profile of patients presenting with uncomplicated UTI, 

a theoretical determination of how use of POCT results might change prescribing, an understanding 
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of POCT failure rate, and qualitative capture of the experiences of those using the POCT to delivering 

the study in primary care clinics.

Ethics and dissemination

Ethical approval was received from the London Central Research Ethics Committee (23/LO/0371) and 

the UK Health Research Authority. We will publish the findings of TOUCAN evaluations in peer-

reviewed medical journals and more broadly following a dissemination plan formulated by a 

communications specialist in consultation with patients and the public.

Registration

ISRCTN registry number: 80937472
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Strengths and limitations of this study (box)

• Prospective study design

• Common sample used for (potentially) multiple index point-of-care tests (POCT) and reference 

standard testing

• Embedded qualitative study to capture clinical user perspectives on test use and 

implementation

• Limited power to determine the diagnostic performance of POCTs that include antimicrobial 

susceptibility testing against all potential antibiotics included on POCT testing panels, due to 

low prevalence of organisms resistant to antibiotics such as nitrofurantoin.

• The modified UTI reference standard culture (as performed by the NHS-based reference 

laboratory), whilst being modified for improved accuracy still has limitations which may make 

interpretation of discordant results challenging – conducting multiple POCT simultaneously 

may help mitigate this.
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Keywords

Urinary tract infection, UTI, Diagnosis, Diagnostic, Diagnostic accuracy, Point-of-care test, POCT, 
Primary Care, General Practice, Antimicrobial resistance, AMR, Antimicrobial Stewardship, AMS, 
Antibiotics
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Introduction

Half of all women experience a urinary tract infection (UTI) in their lifetime.1 The reference standard 

test for UTI is laboratory microscopy, microbiological culture and antimicrobial susceptibility testing 

(AST), commonly a 2-3-day process that may not produce clinically useful information; up to 30% of 

samples can be contaminated by host flora2 and loss of bacterial viability or overgrowth with time can 

yield misleading or no results. Use of sample collection tubes containing boric acid mitigates against 

bacterial overgrowth, but use of these tubes has not been universally adopted by laboratories. In 

consequence, the majority of suspected infections encountered in primary care are identified and 

treated empirically using clinical criteria, which have limited sensitivity and specificity.3

Antimicrobial resistance (AMR) is one of the greatest threats to human health and is driven further by 

inappropriate prescriptions of antibiotics.4 Our study of patients with microbiologically confirmed UTI 

in 4 EU member states detected urinary pathogens with resistance to a single antibiotic in 27% 

(57/209) of patients and resistance to >1 antibiotic in 25% of patients (53/209).5 There is therefore 

pressure to reduce inappropriate (unnecessary or incorrect) antibiotic prescribing for UTI, whilst 

acknowledging that under-treatment has the potential to lead to serious sequelae.6 The current 

standard of care involves using a combination of symptoms, signs and simple dipstick results to predict 

which women are most likely to have infection.7 Better tests are required to help clinicians avoid 

prescribing antibiotics in women who do not need them and prescribe the correct antibiotics to those 

who do.

Rapid point-of-care diagnostic tests (POCTs) are potential solutions to this problem. A survey of 1109 

UK General Practitioners (GPs) in 2012 highlighted UTI as the condition for which a POCT would be 

most helpful to support diagnosis.8 Current POCTs for UTI are sub-optimal, with urine dipsticks neither 

sensitive nor specific enough9, and are unable to provide information on the antibiotic sensitivity of 

pathogens. Diagnostic tests based on point-of-care bacterial culture on solid media are available, but 

these incorporate a 12–24-hour incubation step and are therefore too slow to influence immediate 

decision making, and a trial incorporating this approach showed minimal impact on appropriate 

antibiotic prescribing.10 Thus, improved and more rapid POCTs are needed.

New technologies are aiming to deliver a rapid diagnosis and, in some cases, a uropathogen AST at 

the point-of-care, facilitating timely and targeted treatment. Although a number of developers have 

carried out laboratory evaluation work using bacterial cultures, urine samples ‘spiked’ with known 

uropathogens, and genuine patient samples, there have been no robust independent evaluations of 

these exciting technologies in real-world settings. It is vital that the performance of these diagnostic 
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tests is evaluated before these devices are considered for inclusion in interventional studies or clinical 

practice.

In addition to POCT technologies, which are at or close to clinical readiness and so fully powered 

evaluations are appropriate, there are a number of innovators with potentially transformative early-

stage technologies that require crucial proof of principle evidence, using fresh urine samples, to 

proceed further with development. Under these circumstances, we intend to nest small pilot studies 

alongside our full-scale evaluations. New POCTs will be introduced into this platform study as and 

when available.
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Methods and analysis

Study design and setting

The plaTform fOr Urinary tract infection diagnostiC evAluatioN (TOUCAN) is a prospective diagnostic 

accuracy study allowing for parallel evaluation of index point-of-care tests (referred to henceforth as 

POCTs) in a consecutively enrolled primary care population of female patients ≥18 years of age 

presenting with symptoms of uncomplicated UTI. TOUCAN began recruitment in September 2023. 

New POCTs will be introduced into the study as and when they become available, following due 

consideration of recruitment timelines to reach sample size. Participants recruited from primary care 

clinics in England will be asked to provide a single urine sample which will undergo analysis by POCTs 

at the point-of-care alongside conventional urinalysis dipstick test, then reference standard laboratory 

urine processing including microscopy, modified culture and AST (performed using “gold standard” 

methods) at the NHS-based reference laboratory. Participants will provide the urine sample at 

baseline (the day they consult health care) and answer a short questionnaire including their age, 

ethnicity, symptoms, and confirmation of eligibility criteria. There will be no further patient follow-up, 

as this is a diagnostic accuracy study not concerned with effect on participant outcomes. Given the 

observational nature of the study, and uncertainty about test accuracy at this stage, POCT results will 

not be shared with participants or used to support clinical decision-making.

Primary objective

To determine the diagnostic performance in a primary care field study of novel POCTs for diagnosing 

urinary tract infection against standard microbiology laboratory processing, including “gold standard” 

AST results. The reference standard for the study will conform to the definitions of UTI detailed in the 

UK Health Security Agency guide on the investigation of urine11 to determine microbiological diagnosis 

of UTI, whilst antimicrobial susceptibilities will be assessed in accordance with the International 

Standard 20776-112. Outcome measures will include sensitivity, specificity, predictive values, and 

likelihood ratios for the detection of UTI and for AST results where this is an element of the POCT.

Secondary objectives

• To record the different symptoms of people who seek help from their General Practitioner (GP) 

with suspected uncomplicated UTI.

• Understand whether and how using the results of a new point-of-care test would result in changes 

in antibiotic prescribing.
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• Determine how often POCTs fail, and how frequently they give uninterpretable results.

• To explore the experiences and perceptions of primary care staff involved in the use of new POCT 

for UTI, and how these might affect the feasibility of future implementation.

Study participants and their selection

People assigned female at birth, aged 18 years and over, presenting to primary care with suspected 

uncomplicated UTI will be eligible for participation in the study. The inclusion criteria detailed in Table 

1 are broad in order to encompass the widest range of inclusion criteria scenarios detailed across 

multiple manufacturers’ intended use statements.

Inclusion criteria

1. Female * (including pregnant women) 

2. Aged ≥ 18 years

3. Presenting to UK Primary Care with current symptoms that have been present for fewer 

than 7 days, that the patient or their primary care health professional considers are 

consistent with an uncomplicated UTI

4. Clinician confirms that urine sample for analysis is useful for patient’s care**

5. Participant is willing to give consent for participation in the study

Exclusion criteria

1. Previously recruited to this study 

2. Unable to provide a sample that was taken within the timeframe specified by POCT 

developers

3. Unable to understand and complete trial materials in English.

* Participants will be included only if they were assigned female at birth. 

** For example, urine sample tested before antibiotics are started to guide decision to prescribe 

and nature of prescription, sample tested where UTI symptoms have persisted despite antibiotics 

to guide decision to prescribe and nature of prescription.

Table 1. Study inclusion and exclusion criteria.

Recruitment

Study sites will be selected with the help of the National Institute for Health and Care Research (NIHR) 

Clinical Research Network (CRN), and will consist of primary care practices that are willing and able to 

adhere to the requirements of the study protocol. Participants will be selected through participating 

practices and will be identified through two key routes:
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• When they book and attend (in person or on the telephone) a clinical appointment for a 

suspected, uncomplicated UTI

• When they submit a urine sample for testing for a suspected, uncomplicated UTI at their 

primary care practice

Potential participants who call the practice and state they have a possible UTI will be asked to come 

to the practice to provide a sample, once at the practice they will be asked if they are happy to take 

part in the study and if they indicate they are, the recruitment process described below will be 

followed.

Screening and eligibility assessment

This will be a prospective opportunistic-recruitment study. Sequential potential participants will be 

screened as and when they present to their primary care practice with a suspected UTI. Once the 

participant has read the Participant Information Sheet (PIS), signed the Participant Summary Sheet 

(PSS) to indicate their consent and completed the baseline questionnaire, their responses to the 

eligibility questions will be assessed and confirmed by the member of the practice team who will run 

the tests. Relevant sections of the participant’s medical records will be reviewed by an authorised 

member of practice staff, and any medical conditions relevant for the performance of the POCTs will 

be recorded in the study database. Potential participants should either receive the PIS in person at the 

practice or they can be sent a link via text message by the GP, to the trial website where they should 

download the participant information sheet before they attend the practice. Once they attend the 

practice to produce their urine sample they will be presented with the PSS/consent form to sign.

Informed consent

Online or written versions of the PIS will be presented to the participants detailing no less than: the 

exact nature of the study; what it will involve for the participant; the implications and constraints of 

the protocol; the known side effects and any risks involved in taking part. As all patient data will be 

collected at the baseline visit, it will not be possible to withdraw data and samples from the study 

after the baseline assessments are completed. This will be clearly explained in the PIS. Potential 

participants will be given time to consider the information, and the opportunity to question the 

Investigator, their GP or other independent parties to decide whether they will participate in the 

study. If they agree, consent proportionate to the study type and risk will be given by the participant 

signing and dating the appropriate part of the PSS/consent form. Study sites will use a web-based 

database system to record eligibility and confirm participant entry into the study, prior to the samples 

being processed for research. 
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Data collection

The study will use a bespoke study database with eligibility screening, symptom questionnaire, 

baseline assessment, POCT and laboratory electronic case report forms (eCRFs) developed on the 

REDCap electronic data capture tools platform13 14 and hosted by the University of Oxford.

Baseline assessments

Following participant consent and urine sample provision, the baseline questionnaire will capture the 

following information:

1. Whether the participant has previously taken part in the study.

2. Duration of symptoms of the current episode.

3. Participant age, affirmation of female gender assignment at birth, and ethnicity.

4. Date and time that urine sample was taken.

5. Symptom severity of the following symptoms on a scale from 0 to 6, where 0 is ‘not affected’ 

and 6 is ‘as bad as it could be’: Fever, pain or burning when passing urine, increased urgency 

of urination, increased day and night time frequency of urination.

6. Pregnancy status.

7. Whether the patient suffers from recurrent UTIs.

8. Whether the participant has taken antibiotics in the last 7 days and if so what antibiotics were 

taken.

Additional information on participants will be collected through a review of each participant’s medical 

notes by site staff to enable alignment of primary data analysis with the specific inclusion and 

exclusion criteria defined in POCT manufacturer Instructions for Use (IFU) documentation, including:

1. Any anatomical of functional abnormalities of the urinary tract.

2. Presence of any indwelling urinary catheters.

3. Whether the participant intermittently self-catheterises.

4. Diagnosis of renal disease.

5. If the participant is classified as immunocompromised according to the following definition: 

inherited immune disorders; undergoing treatment for cancer; history of haematological 

malignancy; HIV at all stages; receiving biologics, azathioprine, 6-MP, methotrexate, or 

ciclosporin; receiving steroids > 20 mg/day or less in combination with other 

immunosuppressive therapies.

6. Diagnosis of diabetes.
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The member of staff processing the sample will confirm eligibility of the participant (that the 

participant is aged 18 or over, female, that they have not taken part in the study before, and have not 

had UTI symptoms for longer than 6 days) before they process the sample. 

The following information will be collected by site staff during the visit and entered into the eCRF:

1. Time that each POCT and dipstick test were performed. 

2. Confirmation from a healthcare professional that a urine sample for analysis is useful for 

patient care.

3. Whether an antibiotic has been prescribed for this suspected UTI episode, and if so, the class, 

dose and duration of the antibiotic (this may not be immediately known but will be recorded 

once known).

4. Results from the POCTs and dipstick tests.

5. Confirmation and date that a sample was sent to the study reference laboratory.

The following information will be collected by staff at the NHS-based reference laboratory and entered 

into the reference laboratory eCRF:

1. Reference test results.

2. Sample tracking details, including date and time the sample was received at the laboratory.

As patients would normally provide a urine sample as part of standard care, the study does not use 

any additional interventions that could be considered to carry a risk to participants and so adverse 

event data will not be collected.

Sample provision and handling, POCT(s) and reference standard

Sample provision and handling

Every participant will provide a midstream urine sample to their practice in a standard 30 ml universal 

container which does not contain sodium borate (Sterilin™ Polystyrene Universal, ThermoFisher 

Scientific, UK). Either fresh or previously collected samples will be used provided that they are 

processed within the timeframe specified by the manufacturer of the POCT, but a fresh sample will be 

preferred if the participant is willing to provide one. POCTs will be carried out by a member of the 

practice team who has received training on the devices from the manufacturer – i.e. mimicking as 

closely as possible how the test would be used in ‘real life’ primary care. If a sample is required for 

local laboratory testing as part of clinical management, the urine sample provided by the participant 
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will be split using a no touch technique. The fraction required by the local laboratory will continue to 

be processed as a standard clinical sample using routine NHS processes.

The fraction of the sample required for the study reference standard testing will then be sent to the 

NHS-based reference laboratory in a 30 ml sodium borate container (Sterilin™ Polystyrene Universal 

Boric Acid, Thermofisher Scientific, UK). All samples will be destroyed after all laboratory tests have 

been performed, although bacterial isolates will be retained.

Index tests

Index tests will be POCTs for UTI, which may incorporate phenotypic antimicrobial susceptibility 

testing or molecular determination of uropathogen resistance to antibiotics. Specific details of study 

POCTs will be included as protocol appendices, with amendments to the protocol and ethical approval 

concluded prior to introduction of new tests.

POCTs included in the protocol appendix of the application for ethical review were the Sysmex PA-100 

AST System (Sysmex Astrego AB, Uppsala, Sweden)15 and the Lodestar DX with UTI test panel (Llusern 

Scientific, Cardiff, UK)16. Both technologies were included in the UK National Institute for Health and 

Care Excellence (NICE) Health Technology Evaluation HTE7 ‘Point-of-care tests for urinary tract 

infections to improve antimicrobial prescribing: early value assessment’, which recommended further 

clinical evidence generation prior to reconsideration of these tests for use. The Sysmex PA-100 AST 

POCT is an instrument-based assay with a disposable panel for the diagnosis of UTI and phenotypic 

antimicrobial susceptibility testing (AST) directly from patient urine samples. The PA-100 AST 

determines bacteriuria within approximately 15 minutes against a cut-off value of 5x104 CFU/mL; if 

bacteriuria is detected, the analyser continues to determine antimicrobial susceptibility of 

uropathogens against a panel of antibiotics including amoxicillin-clavulanic acid, ciprofloxacin, 

fosfomycin, nitrofurantoin and trimethoprim, with the AST step taking approximately 15 to 30 

minutes. The Llusern Scientific POCT is an instrument-based assay for the loop-mediated isothermal 

amplification (LAMP) detection of clinically relevant levels of a panel of uropathogens directly from 

patient urine samples through detection of uropathogen DNA. Target uropathogens include 

Escherichia coli, Enterococcus spp, Staphylococcus saprophyticus, Pseuodomonas aeruginosa, Proteus 

mirabilis and Klebsiella spp, with the assay taking 40 minutes to complete following assay initiation. 

Additional tests may be added beyond those described in this paragraph.

POCT manufacturers will provide training on device use either in person or via video link directly to 

study sites and to members of the TOUCAN central trial team. Study sites will be asked to adhere to 
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manufacturer prescribed Quality Control schedules and procedures, with instruction provided during 

device training and through associated instrument manuals.

Conventional urinalysis (dipstick)

Sites will be provided with 10-parameter urinalysis reagent test strips (RS10, SureScreen Diagnostics, 

Annesley, UK), incorporating nitrite and leukocyturia detection. This test will be conducted 

concurrently with POCT runs and interpreted blind to any POCT results. The diagnostic performance 

of the urine dipstick in relation to the NHS-based reference laboratory result will be assessed and also 

compared with the diagnostic performance of POCTs. Clinicians caring for the patient will have access 

to the dipstick test result, which may help direct care.

Laboratory reference standard

Reference testing will be conducted at the laboratory of the Specialist Antimicrobial Chemotherapy 

Unit (SACU), Public Health Wales. All urine samples will undergo automated microscopy using a 

Sysmex UF 5000 system, then 50uL spiral plated onto UTI chromogenic media (diluted according to 

opacity of urine) and incubated overnight. Bacterial growth will be assessed as pure or predominant 

uropathogen growth and quantified to colony forming units per mL (CFU/mL). Each significant 

uropathogen will be identified using the MALDI-ToF mass spectrometry method. The UTI definitions 

set out in the UK Health Security Agency (Public Health England at time of publication) guide on 

investigation of urine (B41)11 will be used for microbiological UTI diagnosis as primary reference 

standard. The guide defines UTI as either probable or possible UTI according to the following criteria: 

Probable UTI is defined as ≥105 colony forming units per millilitre (CFU/ml) of pure culture, 

irrespective of White Blood Cell (WBC) levels. Possible UTI is defined using the following criteria: re 

culture at ≥105 with predominant growth (where the 2nd or 3rd organisms are at least 3xlog2 CFU/ml 

below the predominant organism) irrespective of WBC, growth of 2 organisms (dual culture: where 

both are ≥105 or one is ≥105 and the other ≥104) accompanied by WBC, pure or predominant culture 

at 104 – 105 accompanied WBC, predominant culture at 104 – 105  of a UTI pathogen species 

accompanied by WBC OR pure or dual culture (where both present are known urinary pathogens at 

103 – 104 accompanied by WBC). 

Quantitative culture will allow the application of European Guideline thresholds (≥103 CFU/mL) or 

similar if appropriate or desired. Antimicrobial susceptibilities will be performed by broth 

microdilution, the “gold standard” method, according to the International Standard 20776-112. 

Susceptibility to a panel of antibiotics, according to pathogen, will be tested e.g. ampicillin, cefoxitin, 

cefpodoxime, ciprofloxacin, clindamycin, co-amoxiclav, fosfomycin, nitrofurantoin, penicillin, 
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pivmecillinam, teicoplanin, trimethoprim, and vancomycin. Bacterial isolates will be stored at -80°C 

for further analysis.

Blinding

The majority of candidate POCTs considered for this study will generate results automatically without 

user interpretation. Should user interpretation be required, the sites will be asked to perform the 

POCTs requiring user interpretation prior to interpretation of the urine dipstick and before any other 

POCT automatically reports results; ordering of testing and interpretation will be communicated to 

sites during the training of the POCT. All samples will be tested on novel POCTs by staff who are not 

aware of the reference standard result and are also asked to disregard the outcome of the novel 

diagnostics in the clinical management of the patient, since the performance of these tests is still 

unclear. Reference laboratory staff will be blinded to the results of POCTs carried out within primary 

care clinics.

Statistics and data analysis

The statistical aspects of the study relating to the analysis of the primary outcome are summarised 

here, with details fully described in a statistical analysis plan that will be finalised before any analysis 

takes place.

Statistical methods

To determine the diagnostic accuracy of multiple POCTs to detect UTI and determine antibiotic 

susceptibility if applicable (some tests may only provide a UTI diagnosis) for manufacturer defined 

antibiotic panels, participants will be cross-classified into 2x2 contingency tables according to:

• For the case of POCT which incorporate both UTI diagnosis and AST

o Samples determined to be UTI positive according to the POCT and organisms detected 

as resistant to panel antibiotic (yes/no)

o Samples determined to be UTI positive according to the laboratory reference standard 

and organisms detected as resistant to panel antibiotic (yes/no)

• For the case of POCT which incorporate UTI diagnosis only

o Samples determined to be UTI positive according to the POCT (yes/no)

o Samples determined to be UTI positive according to the laboratory reference standard 

(yes/no)
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This information will be used to estimate the sensitivity, specificity, positive and negative predictive 

values, and positive and negative likelihood ratios for detection of UTI and for the AST where 

applicable (either phenotypic or molecular), for each POCT. Results will be presented with exact 95% 

confidence intervals. The differences in the sensitivity and the specificity of the POCT to detect UTI 

and the corresponding parameters for the urine dipstick will be calculated and presented with 95% 

confidence intervals. This information will be used to estimate the proportion of samples that would 

be correctly classified by the POCT but not by the dipstick, or vice versa. Results of AST will be 

presented stratified by organism (as detected by the laboratory reference standard) and antibiotic, 

with allowance made for organism/antibiotic combinations in which the uropathogen is known to 

have intrinsic resistance or for which AST is not recommended to be reported in international 

guidance. AST results will additionally be classified and presented in terms of categorical agreement.

If feasible, for participants whose samples have been tested with more than one comparable POCT 

(i.e. paired sampling), results from the different POCTs will be additionally cross-tabulated against 

each other. The number of participants prescribed discordant antibiotics will be tabulated, and 

expressed as a proportion of the total, with a 95% confidence interval. These will also be tabulated by 

the reason for the discordance – for example, an antibiotic prescription without confirmed UTI, or a 

specific antibiotic being prescribed to an individual for whom the organism was not susceptible to that 

antibiotic. An exploratory analysis will summarise the baseline symptoms and dipstick results of (i) 

participants for whom the POCT and laboratory reference test gave discrepant results, (ii) participants 

for whom discordant antibiotic prescriptions were issued. If there are sufficient samples with multiple 

POCT results available, we will investigate using latent variable methods to simultaneously take 

account of all results performed on the same sample and quantify any changes of estimates in 

diagnostic accuracy parameters.17

The primary analysis for each POCT assessed will be based on participants’ compatibility with the 

exclusions of the relevant manufacturer’s Instructions For Use (IFU) and associated Approved 

Documentation, and a sensitivity analysis will include all participants. The primary analysis will use the 

laboratory reference standard definition of Probable UTI as defined in the details of the reference 

standard and a sensitivity analysis will use the definition of Possible UTI. Another sensitivity analysis 

will exclude samples detected by laboratory culture to be positive for bacterial species as either the 

sole or the predominant species where the POCT does not test for this organism. Further sensitivity 

analyses will be pre-specified in the statistical analysis plan.

As most missing test results are likely to be incidental, the primary analysis will use complete-sample 

data. We will report the test failure rate, with reasons if known, and the proportion of participants 
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who could not be recruited because the time between sample production and analysis is longer than 

recommended by the manufacturer. To assess whether missing test data biases the diagnostic 

accuracy assessment18, the distributions of baseline characteristics and POCT results will be compared 

for individuals with missing results and individuals with non-missing results to check for possible 

differential patterns of verification. If the proportion of missing data exceeds 10%, we will supplement 

the primary sensitivity and specificity results with values of the ‘test ignorance region’, i.e. the range 

of sensitivities and specificities that are consistent with the complete data, allowing for non-ignorable 

missing data.19 

Where appropriate, results will be presented according to the STARD guidelines for reporting 

diagnostic studies.20

Sample Size

Sample size requirements for POCTs are based around estimation of the sensitivity of a POCT to detect 

reference laboratory culture-confirmed UTI, and key antibiotic resistance markers where applicable. 

As candidate POCTs may have different levels of diagnostic performance, we present different 

scenarios, corresponding to sensitivities of 85%, 90%, 95% and 99%. The figures presented here are 

indicative only and an appropriate choice of sample size may differ, depending on the target 

performance of the POCT under consideration. 

Table 2 relates to testing the sensitivity of the POCT against a fixed target sensitivity, and Table 3 

indicates the expected precision of the estimated sensitivity for the same range of sample sizes. Test 

specificity is expected to be estimated with greater precision than test sensitivity, as a majority of 

samples collected are expected to test negative for UTI.

Minimum target sensitivity

0.8 0.85 0.9

0.85 617 / 471 - -

0.9 137 / 108 471 / 363 -

0.95 51 / 42 96 / 79 301 / 239

Assumed 

sensitivity of 

test
0.99 24 / 21 35 / 32 64 / 56

Table 2. Number of ‘positive’ samples required to detect a difference between the assumed sensitivity 

of the test (rows) and the minimum target sensitivity (columns) with 90% power (first number in each 

cell) and 80% power (second number in each cell), two-sided test at the 5% significance level.
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Number of positive samples

50 100 200 400 600

0.85 0.22 0.15 0.10 0.07 0.06

0.9 0.19 0.13 0.09 0.06 0.06

0.95 0.14 0.10 0.07 0.05 0.04

Assumed 

sensitivity 

of test
0.99 0.09 0.06 0.04 0.02 0.02

Table 3. Expected total width of the 95% confidence interval for the sensitivity, given the sensitivity 

of test (rows) and the number of ‘positive’ samples (columns).

The numbers in Table 2 refer to the numbers of ‘positive’ samples required. In the case of POCTs that 

attempt to detect UTI, the total sample size is estimated by dividing the appropriate number in the 

table by the assumed prevalence of UTI. For example, in the case in which the assumed sensitivity is 

99%, the minimum target sensitivity is 90%, and the prevalence of UTI is 30% (0.3), the total number 

of samples required for 90% power is 64/0.3 = 213. For tests that perform AST, the total sample size 

is estimated by dividing by the product of the assumed prevalence of UTI and the assumed proportion 

of UTI samples that contain a pathogen resistant to the antibiotic(s) of interest. For example, in the 

case in which the assumed sensitivity is 99%, the minimum target sensitivity is 90%, the prevalence of 

UTI is 30% (0.3), and the proportion of UTI samples that are trimethoprim-resistant is also 30% (0.3), 

the total number of samples required for 90% power is 64/(0.3×0.3) = 711. These assumptions are 

informed by previously published data for prevalence of laboratory confirmed UTI and antibiotic 

resistance in symptomatic patients in primary care settings.5

Any assessment of early-stage POCTs will use an initial pilot that aims to recruit 30 positive samples. 

For UTI detection without AST determination, this would require 100 samples in total, assuming a 

prevalence of 30%. In this scenario, the pilot study would be expected to estimate sensitivity with a 

95% confidence interval total width of 0.25 (e.g. 0.72 to 0.97), and specificity with a 95% confidence 

interval total width of 0.16 (e.g. 0.80 to 0.96), which will inform a decision on the suitability of the 

POCT to continue to a fully powered diagnostic accuracy assessment.

Up to 900 participants will be recruited based on the information outlined above. The sample size may 

require an amendment if additional point of care tests are to be added.
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Embedded qualitative study

Aims and objectives

To explore the experiences and perceptions of primary care clinic staff involved in the use of new rapid 

tests for diagnosing UTI, and how these might affect the feasibility of introducing the tests into primary 

care settings. To gather information about how the primary care clinic staff view the available tests, 

how they might implement them as part of consultation for patients with suspected UTI and how this 

impacts on their practice.

Study design

A qualitative methodology is highly appropriate for capturing and exploring people’s experiences and 

perceptions of phenomena – in this case new rapid tests for consultations with women attending 

primary care for suspected UTI – from the perspectives of the practice staff who will be administering 

the tests. We will conduct semi-structured interviews with the practice staff/trained operators. This 

method of data collection is well suited to capturing experiences and perceptions and has 

considerable power to explain actions, decisions and processes. A topic guide will be developed from 

the existing literature and previous experiences of the research team in conducting such research into 

point-of-care testing.

A general email will be sent from the TOUCAN Research Team to all the primary care clinics who are 

taking part in the evaluation of the new tests outlining the embedded qualitative study. Clinicians who 

have been involved in using the new tests will be invited to take part in the interviews. If they are 

interested in taking part, they will be asked to contact the TOUCAN research team using contact details 

given. 

When clinicians contact the TOUCAN research team, the purpose of the interview study will be 

explained and further details will be provided as requested. The information leaflet and the consent 

form will be sent via email or post as necessary. The clinician will also be informed of the options for 

timing, location, and format of the interview. It is anticipated that all the interviews will be conducted 

via telephone or through an online platform such as Teams. The clinician will have the opportunity to 

ask any questions, to receive further information, and also to decline any further contact. Clinicians 

will be informed that they will be able to speak freely at the interview without any negative 

implications or repercussions on employment. Any clinician who chooses not to participate further in 

the study will be reassured that this will in no way impact upon their current or future working.
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If the clinician is happy to proceed, an interview will be arranged. For interviews conducted via the 

telephone or online, the TOUCAN research team will ensure that participants have read and 

understood the participant information leaflet, have had an opportunity to have all questions and 

concerns addressed, and that they are willing to give their consent for the interview to proceed. Verbal 

informed consent using standardised wording from the Informed Consent form (ICF) will be captured. 

In these instances, the researcher will complete the ICF with details of the consent and will securely 

post/e-mail a copy to the participant for their records.

Sampling

We aim to interview a range of practice staff involved in the use of the new tests across a range of the 

primary care clinics, for each of the tests under evaluation. We would anticipate conducting at least 

4-5 interviews for each of the tests, incorporating views from a varied sample of clinicians, with 

different involvement in the process, around the potential use and communication of results. 

Recruitment for the qualitative study will continue until we are able to build up a sufficiently detailed 

picture of, and explanatory power for the findings around each of the tests. The decision to stop 

interviewing will be discussed and agreed among members of the research team. Approximately 20-

24 interviews will be carried out. 

Analysis

Our analysis of the qualitative data will be pragmatic and enable us to put together a picture of each 

of the tests as they are being evaluated, which can contribute to the development of the explanatory 

trial. The interviews with clinicians will be audio-recorded and transcribed. We will use an adapted 

Framework analytical approach.21 22 The transcripts will be coded in NVivo and summaries of coding 

which contain data around the usability and acceptability of the tests, as well as how they fit into the 

clinical setting, will be transferred  into matrices, which will enable the analysis to be shared among 

the members of the research team. Other thematic material will also be coded and categorised. The 

ongoing analysis process will be discussed with the research team, and further developed and refined 

as interviewing and analysis proceed.

Patient and Public Involvement Statement

The study team includes a named public co-investigator who is fully involved in study management 

and in discussions around prioritising new diagnostics for the platform. A PPI panel consisting of 

women with lived experience of UTI has advised on the study since inception. They have helped us to 

draft the patient facing details to ensure a clear overview of the study can be gained in the reasonably 
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short time available between presentation to the recruiting site and recruitment. They will be involved 

in dissemination of our findings. 

Ethics and dissemination

Ethical approval for the project has been received from the London Central Research Ethics Committee 

(23/LO/0371). The original approved protocol incorporated three candidate diagnostic tests including 

the Sysmex PA-100 AST System, manufactured by Sysmex Astrego AB, and the Llusern Scientific 

Lodestar DX Analyser with UTI test panel. The third diagnostic was not taken forward primarily due to 

readiness concerns expressed by the manufacturer, so is not mentioned here.

Results will be published in high-impact peer-reviewed journals, with additional project dissemination 

through presentation at scientific conferences. Project summaries which can be made publicly 

available will be developed in collaboration with public contributors and provided through e.g. the 

study website (https://www.phctrials.ox.ac.uk/studies/toucan-platform-for-uti-diagnostic-

evaluation). A detailed dissemination plan will be developed by a communications specialist in 

consultation with our PPI panel before study conclusion. The summary protocol of the study is 

available through the website of the ISRCTN Registry at https://doi.org/10.1186/ISRCTN80937472 

with reference number 80937472. 

Applications to access and use study data following completion and publication will be considered by 

the independent Primary Care Hosted Research Datasets Independent Scientific Committee 

(PrimDISC) which is hosted by the Nuffield Department of Primary Care Health Sciences at the 

University of Oxford.

References

1. Foxman B. Epidemiology of urinary tract infections: incidence, morbidity, and economic costs. Am 
J Med 2002;113 Suppl 1A:5s-13s. doi: 10.1016/s0002-9343(02)01054-9

2. Lifshitz E, Kramer L. Outpatient urine culture: does collection technique matter? Arch Intern Med 
2000;160(16):2537-40. doi: 10.1001/archinte.160.16.2537

3. Little P, Turner S, Rumsby K, et al. Dipsticks and diagnostic algorithms in urinary tract infection: 
development and validation, randomised trial, economic analysis, observational cohort and 
qualitative study. Health Technol Assess 2009;13(19):iii-iv, ix-xi, 1-73. doi: 10.3310/hta13190

4. O'Neill J. Tackling Drug-Resistant Infections Globally: Final Report and Recommendations. London: 
HM Government, 2016.

5. Butler CC, Francis N, Thomas-Jones E, et al. Variations in presentation, management, and patient 
outcomes of urinary tract infection: a prospective four-country primary care observational 
cohort study. Br J Gen Pract 2017;67(665):e830-e41. doi: 10.3399/bjgp17X693641

6. Gulliford MC, Charlton J, Winter JR, et al. Probability of sepsis after infection consultations in 
primary care in the United Kingdom in 2002-2017: Population-based cohort study and 

Page 22 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://doi.org/10.1186/ISRCTN80937472
http://bmjopen.bmj.com/


For peer review only

22

decision analytic model. PLoS Med 2020;17(7):e1003202. doi: 
10.1371/journal.pmed.1003202 [published Online First: 20200723]

7. Public Health England. Diagnosis of urinary tract infections: Quick reference tool for primary care 
for consultation and local adaptation. London: PHE Publications, 2020.

8. Turner PJ, Van den Bruel A, Jones CH, et al. Point-of-care testing in UK primary care: a survey to 
establish clinical needs. Fam Pract 2016;33(4):388-94. doi: 10.1093/fampra/cmw018 
[published Online First: 20160405]

9. Little P, Turner S, Rumsby K, et al. Validating the prediction of lower urinary tract infection in 
primary care: sensitivity and specificity of urinary dipsticks and clinical scores in women. Br J 
Gen Pract 2010;60(576):495-500. doi: 10.3399/bjgp10X514747

10. Butler CC, Francis NA, Thomas-Jones E, et al. Point-of-care urine culture for managing urinary 
tract infection in primary care: a randomised controlled trial of clinical and cost-
effectiveness. Br J Gen Pract 2018;68(669):e268-e78. doi: 10.3399/bjgp18X695285 
[published Online First: 20180226]

11. Public Health England. SMI B41: investigations of urine: Information on UK Standards for 
Microbiology Investigations for urine. In: Standards Unit MS, ed. London: PHE Guidelines, 
2019:51.

12. International Standards Organisation. ISO 20776-1:2019 Susceptibility testing of infectious 
agents and evaluation of performance of antimicrobial susceptibility test devices — Part 1: 
Broth micro-dilution reference method for testing the in vitro activity of antimicrobial agents 
against rapidly growing aerobic bacteria involved in infectious diseases, 2019.

13. Harris PA, Taylor R, Thielke R, et al. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational research informatics 
support. Journal of Biomedical Informatics 2009;42(2):377-81. doi: 
https://doi.org/10.1016/j.jbi.2008.08.010

14. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an international community 
of software platform partners. Journal of Biomedical Informatics 2019;95:103208. doi: 
https://doi.org/10.1016/j.jbi.2019.103208

15. Sysmex. PA-100 AST System  [Available from: https://www.sysmex.co.uk/products/products-
detail/pa-100-ast-system/.

16. Llusern Scientific. Lodestar DX UTI test system  [Available from: https://llusern.co.uk/lodestar-
dx/.

17. Reitsma JB, Rutjes AW, Khan KS, et al. A review of solutions for diagnostic accuracy studies with 
an imperfect or missing reference standard. J Clin Epidemiol 2009;62(8):797-806. doi: 
10.1016/j.jclinepi.2009.02.005 [published Online First: 20090517]

18. Naaktgeboren CA, de Groot JA, Rutjes AW, et al. Anticipating missing reference standard data 
when planning diagnostic accuracy studies. Bmj 2016;352:i402. doi: 10.1136/bmj.i402 
[published Online First: 20160209]

19. Kosinski AS, Barnhart HX. A global sensitivity analysis of performance of a medical diagnostic test 
when verification bias is present. Stat Med 2003;22(17):2711-21. doi: 10.1002/sim.1517

20. Cohen JF, Korevaar DA, Altman DG, et al. STARD 2015 guidelines for reporting diagnostic 
accuracy studies: explanation and elaboration. BMJ Open 2016;6(11):e012799. doi: 
10.1136/bmjopen-2016-012799 [published Online First: 20161114]

21. Ritchie J, Lewis J, McNaughton-Nicholls C, et al. Qualitative Research Practice. A Guide for Social 
Science Students and Researchers. Second ed: Sage 2013.

22. Ritchie J, Spencer L. Qualitative Data Analysis for Applied Policy Research: Taylor and Francis 
1994.

Page 23 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://www.sysmex.co.uk/products/products-detail/pa-100-ast-system/
https://www.sysmex.co.uk/products/products-detail/pa-100-ast-system/
https://llusern.co.uk/lodestar-dx/
https://llusern.co.uk/lodestar-dx/
http://bmjopen.bmj.com/


For peer review only

23

Authors’ contributions

PJT, GNH, CCB, MM, ADH and TRF conceptualised the study. PJT, GNH, TRF, MG and MWo drafted the 

manuscript. MWo, TRF and MG were responsible for the laboratory, statistical and qualitative aspects 

of the study respectively. All authors reviewed, improved and approved the final version of the 

manuscript. PJT is responsible for the overall content as guarantor.

Funding statement

This work is supported by the National Institute for Health and Care Research (NIHR) School of Primary 

Care Research grant number NIHR SPCR-2021-2026 reference 590 and NHS England. PJT, TRF, MG, 

CCB and GNH have received funding from the NIHR Community Healthcare MedTech and In Vitro 

Diagnostics Co-operative (MIC 2016-018) and currently receive funding from the NIHR HealthTech 

Research Centre in Community Healthcare (NIHR205287), both at Oxford Health NHS Foundation 

Trust. TRF receives funding from the NIHR Applied Research Collaboration Oxford and Thames Valley 

at Oxford Health NHS Foundation Trust (NIHR200172). JF and MW are supported in part by the NIHR 

Leeds Biomedical Research Centre (BRC) (NIHR203331). The views expressed are those of the authors 

and not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.

Competing interests statement

It is the intention that technology (POCT), associated consumables and training will be provided free 

of charge to the study under contractual arrangements that preserve the team’s unrestricted rights 

to publish results. Professor Christopher Butler is a member of the Editorial Advisory Board of BMJ 

Open. No additional competing interests have been disclosed by members of the study team.

Word Count

5,387

Page 24 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-090012 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/

