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Abstract 

Background: Target Product Profiles (TPPs) for new medical tests specify 

desired properties and performance characteristics required to address an unmet 

clinical need. Early economic evaluation (EEE) has been used to identify the 

acceptable ranges for test specifications in the context of health technology 

assessment, but has not yet been utilised as part of the TPP methodology.  

Aim: To explore how EEE methods can be integrated into the TPP development 

process for new tests.  

Methods: A systematic review of TPPs for medical tests was conducted to 

establish current TPP methodology and limitations. The potential utility of 

integrating EEE into TPPs was explored via a case study example: a new rapid 

diagnostic test for Clostridioides difficile infection (CDI). An online survey of UK 

healthcare professionals was first conducted to map current practice and identify 

unmet clinical needs. An EEE, consisting of a discrete event simulation model, 

was then developed to determine minimum performance specifications for key 

test properties (diagnostic sensitivity, specificity) based on cost-effectiveness 

considerations.  

Results: The systematic review identified a typical three-step development 

process for TPPs for tests – scoping, drafting and consensus-building phases. 

The use of subjective data sources, poor methodological transparency and an 

oversight of clinical utility and cost-effectiveness considerations were identified 

as key limitations of current TPP methodology. A three-phase de novo approach 

was developed to derive minimum test performance specifications and maximum 

costs using a series of sensitivity analyses. In the case of a new rapid test for 

CDI, a minimum diagnostic sensitivity and specificity of 96% is required for the 

test for CDI to be cost-effective. 

Conclusions: EEE, in conjunction with stakeholder consultation activities, 

provides an evidence-based and transparent approach to informing certain TPP 

test characteristics. EEE should also help TPP developers to better understand 

how trade-offs between different test characteristics play out in terms of cost-

effectiveness. 
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Chapter 1  

Introduction 

1.1 Chapter outline 

This chapter introduces the main topics discussed in this thesis. An overview of 

roadmap to adoption of new medical tests into clinical practice is first presented 

(see section 1.2), followed by an introduction to the concept of Target Product 

Profiles (TPPs) – defined as strategic documents listing the minimal and desired 

properties for a given product or intervention (section 1.3). Section 1.4 introduces 

the key concepts underpinning economic evaluations, with a particular focus on 

early economic evaluations (EEEs) of medical tests and the role they play in 

supporting the development of new tests. The rationale of the thesis is then 

presented in section 1.5 – in particular, highlighting the potential advantages of 

integrating EEE into the TPP development process for medical tests. The final 

section presents the thesis case study, scope, aim, and structure (section 1.6).  

1.2 Roadmap to adoption of new medical tests into clinical 

practice 

The global trend towards an earlier and more personalised approach to medicine 

has been accompanied by a surge of innovation in medical testing (3). The 

translation of scientific discoveries from ‘bench to bedside’, however, is often 

lengthy and challenging for new healthcare technologies (3, 4), particularly so for 

diagnostic tests. Despite extensive research and initial optimism (5, 6), many 

innovative diagnostic tests, ranging from cancer biomarkers1 (8, 9) to molecular 

genetic tests (10), fail to enter clinical practice (6, 11). For example, it is estimated 

that less than 1% of novel cancer biomarkers actually reach clinical practice (12). 

The roadmap to adoption for new medical tests consists of several consecutive 

stages, including: (1) identification of unmet clinical need (see section 1.2.1); (2) 

the test evaluation pathway (section 1.2.2); (3) regulation (section 1.2.3); (4) 

reimbursement (section 1.2.4); and (5) adoption (section 1.2.5). The following 

 
1 A biomarker is defined as “a biological molecule found in blood, other body fluids, or 

tissues that is a sign of a normal or abnormal process, or of a condition or disease” 
(7). 
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sections describe each of these stages, alongside some of the key barriers new 

medical tests face throughout the journey to adoption into clinical practice.   

1.2.1 Identification of unmet clinical need 

Although the research and development (R&D) process of innovative tests should 

ideally be driven by patients’ needs, laboratory discoveries or technology 

advancements often play a more prominent role in stimulating innovation (i.e. 

‘technology-driven innovation’ rather than ‘needs-driven’ innovation) (13-15). The 

unmet clinical need addressed by novel tests is often an afterthought, and early 

engagement with test end-users (e.g. clinicians and patients) has historically 

been overlooked (14). As a result, new technologies often fail to clearly address 

a specific problem or need within the care pathway where the test is intended (5, 

6, 13, 16). This, in turn, can result in difficulties demonstrating the clinical and 

economic benefits associated with a test, and ultimately failure of adoption into 

clinical practice (6).  

Recent attempts have been made to place the concept of unmet clinical need at 

the heart of the R&D process for new tests – such as the Test Evaluation Working 

Group (WG-TE) of the European Federation of Clinical Chemistry and Laboratory 

Medicine (EFLM) checklist to identify unmet clinical needs for new biomarkers, 

published in 2016 (17, 18). This 14-item checklist aims to: (i) identify the disease 

area and patient population where a new biomarker is required; (ii) verify if there 

is an existing solution to fulfil such unmet clinical need; (iii) define how (and if) the 

new biomarker would enhance current clinical practice; and (iv) assess the 

technical, economical and organisational feasibility of using the new biomarker in 

practice. This checklist, however, does not define how to translate an identified 

unmet clinical need into a test technology solution – especially in regards to the 

technical and performance specifications new tests should possess to address a 

given need. Nevertheless, two studies using the EFLM checklist to establish the 

case for new diagnostic tests have now been published, including tests for 

cardiovascular risk stratification (19), and acute kidney injury (20). It is expected 

that awareness and uptake of such tools will increase over time, ensuring that 

clinical needs are at the heart of R&D activities going forward.  
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1.2.2 Test evaluation pathway 

New tests undergo a lengthy development, validation and evidence generation 

process, starting from the discovery of a target biomarker and culminating with 

the evaluation of the broader impact of introducing a new test into clinical practice 

(21). Several published frameworks summarising the key evidence requirements 

for new tests are available (22), including prominent examples such as the 

Analytic validity, Clinical validity, Clinical utility, Ethical legal and social 

implications (ACCE) framework published in 2003 by the Centers for Disease 

Control and Prevention (CDC)’s Office of Public Health Genomics (OPHG) (23), 

and the evaluation framework from the WG-TE of the EFLM published in 2014 

(21). More recent frameworks have also been published (8, 24), but have largely 

included the same central evidence as outlined in the ACCE and EFLM WG-TE 

frameworks (summarised further below).  

Prior to commencing test evaluation activities, it is important that the test purpose 

and role have been defined. Test purpose refers to the intended clinical 

application of a new test (e.g. (i) diagnosis; (ii) prognosis; (iii) monitoring; (iv) 

screening) (20), and how the test result will inform patient management (21). Test 

role meanwhile, refers to the mechanism by which the test is intended to alter 

current practice – e.g. a new test may replace a current standard care test; may 

be used as an initial triage test; or may function as an add-on test in additon to 

current tests in place (25). The specified role and purpose of a test influence the 

specific approaches that will be required throughout the test evaluation pipeline. 

The key evidentiary requirements typically demanded for new tests are described 

in the test evaluation pathway as illustrated in Figure 1-1 and defined below: 

1. Scientific validity – ensures that: (i) there is a proven association 

between a newly found biomarker and a certain disease; and (ii) that the 

new test is able to measure that biomarker. This stage of research typically 

entails scientific proof-of-concept studies. 

2. Analytical performance – is the ability of a test to correctly detect and 

measure the analyte2 of interest. This stage of research typically entails 

laboratory-based studies to evaluate key analytical performance metrics 

of a new test – including analytical sensitivity and specificity, measurement 

 
2 An analyte is defined as “a material or substance the presence or concentration of 

which in a specimen is determined by analysis” (26). 
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bias and precision, and limits of detection – against a reference 

measurement method.  

3. Clinical validity – is the “ability of a test to yield results that are correlated 

with a particular clinical condition of a physiological or pathological process 

or state” (27). In relation to diagnostic and screening tests, evaluation of 

the clinical validity focuses on assessment of diagnostic accuracy – which 

is defined as the ability of a test to differentiate between those with and 

without the target condition (as measured by diagnostic sensitivity and 

specificity)(28). Ideally diagnostic accuracy should be prospectively 

evaluated based on samples taken from a representative cohort of 

patients and compared against a diagnostic reference method.    

4. Clinical utility – concerns the clinical impact of introducing a new test on: 

(i) patient management decisions (e.g. decision to treat or not to treat) and 

(ii) patient health outcomes (e.g. improvement in quality of life, longer 

survival, fewer adverse events). A particular issue that hinders evaluation 

of medical tests concers the difficulty in establishing clinical utility. Due to 

the indirect nature in which test results impact on patients’ health (i.e. via 

clinical management and treatment decisions, rather than directly impact 

on patient health outcomes) (21), measuring and proving the clinical utility 

requires evidence of both: (i) how the information from a test is 

incorporated into decision-making; and (ii) the downstream effectiveness 

of those decisions (29). This information might not be available in the 

context of a novel testing technology. Evaluation of clinical utility is ideally 

evaluated via a high quality randomised controlled trial (RCT). This, 

however, is often not feasible for a number of reasons (e.g. length of 

follow-up required, sample size requirements, not ethical to randomise, too 

many testing comparators to include) and alternative methodologies are 

required – such as decision-analytic modelling (30).  

5. Cost-effectiveness –  relates to the comparative analysis of the costs and 

health effects associated with the new test compared to current standard 

practice. It informs whether the new testing strategy can be regarded as 

good ‘value for money’. For further detail on the principles underpinning 

cost-effectiveness analysis and economic evaluation, see section 1.4. 

Common approaches to economic evaluation include trial-based 

assessments (in which cost and health outcomes impacts are estimated 
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based on clinical trial data) and model-based assessments (in which cost 

and health outcomes are estimated using a decision-analytic model 

synthesing data across multiple sources).  

6. Broader implications – concern the broader impact and consequences 

of introducing a new test technology into clinical practice – in terms of 

expected acceptability, usability, psycological, legal, ethical, societal, 

and/or organisational consequences. The broader impact of introducing 

new diagnostic tests is often overlooked during test evaluation (31), as well 

as human factors and ergonomics (32). Aspects related to human factors 

(e.g. acceptance, usability, user experience and expectations to the test) 

are usually measured with standardised questionnaires, direct 

observations, interviews, standardised scales and post-use data gathering 

methods (e.g. diary) (32). Current study designs and methods, however, 

lack an integrated approach which captures simultaneously different 

aspects related to the use of a new test – such as expectations, user 

experience and the context in which the test is used (32).  

Evidence generation for tests can take many years. A systematic overview of 

diagnostic horizon scan reports found all evidence requirements for new point-of-

care tests (POCTs) had been collected on average over 9 years (IQR 5.5-12.5 

years) (31) – with triage tests requiring 15 years (IQR 10-19) to collect all 

evidence components, as opposed to 9 years (IQR 5-11) for replacement tests. 

A key concern is that, as technology and innovation is developing at a rapid pace, 

novel technologies may be obsolete by the time they have been fully evaluated 

for use in clinical practice.  
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Figure 1-1 Key components of the test evaluation pathway. Figure adapted 

from Horvath, A. et al. (21) 

 

1.2.3 Regulation 

Before being introduced into the market, new tests must receive regulatory 

approval to ensure compliance with regulatory standards in place across where 

manufacturers wish to launch their new test.  

In the European Union (EU) and the UK, manufacturers must currently obtain the 

Conformité Européenne (CE) mark to introduce new tests into the European 

Economic Area (EEA) or UK market. The CE mark indicates that the new test 

complies with the European In-Vitro Diagnostic Devices Directives (IVDD 

98/79/EC) (33). In 2017, the new European In-Vitro Diagnostic Regulation (IVDR 

2017/746) (27) was proposed, coming into full force in 2027 (34), replacing the 

IVDD.  
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Core to the IVDR legislation is to maximise the real-world effectiveness of new 

tests being adopted into the market, as well as prioritising patient safety, 

throughout the entire lifecycle of the test (35). Compared to the IVDD, the newer 

IVDR legislation requires manufacturers to fulfil more stringent requirements in 

relation to the technical documentation and post-market surveillance of tests (35). 

Manufacturers are required to provide detailed evidence that their new tests meet 

pre-determined performance characteristics relating to: (i) scientific validity, (ii) 

analytical performance (e.g. analytical sensitivity and specificity, trueness, 

precision); and (iii) clinical performance (e.g. diagnostic sensitivity and specificity, 

predictive values, likelihood ratios) (27).  

It should be noted that the EU IVDR legislation will not come into effect in the UK, 

although CE marking will be recognised in the UK until 30th June 2023. 

Subsequently a separate UK Conformity Assessment (UKCA) will be required for 

new tests to be marketed into the UK. Current details as to how the UK legislation 

will deviate from the EU IVDR legislation is as yet unknown. 

1.2.4 Reimbursement  

After undergoing validation and regulatory processes (as described above), the 

adoption of a new test into routine clinical practice is ultimately dependent on 

local and national reimbursement authorities. In the context of increasing 

healthcare expenditures and constrained budgets, local and national 

reimbursement authorities face challenging priority-setting and resource 

allocation decisions (6). Reimbursement processes aim to ensure that the 

proposed new test is expected to be of value to the patient population of interest 

and the health service (36). As part of the reimbursement process, the clinical 

and cost-effectiveness of a new test against the standard testing strategy is 

assessed to ensure that the new test offers good ‘value for money’ (6). 

Test adoption and reimbursement decisions are informed by health technology 

assessment (HTA), defined as  

“the systematic evaluation of properties, effects and/or impacts of a 

health technology. It is a multidisciplinary process to evaluate the 

social, economic, organizational and ethical issues of a health 

intervention or health technology. The main purpose of conducting an 

assessment is to inform policy decision-making” (37). 
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In England, multiple routes to reimbursement are available for new medical tests, 

including 

• receiving national guidance (but not mandated reimbursement) from 

the National Institute for Health and Care Excellence (NICE) – new 

medical tests may be evaluated under three different NICE schemes, 

depending on the expected role and impact of the test: (i) the Technology 

Appraisal Programme (TAP); (ii) the diagnostic assessment program 

(DAP); and the medical technologies guidance (MTG) (38). Developers 

are usually required to submit cost-effectiveness evidence of their new 

testing technology under current NICE evidentiary requirements.  

• approaching local health decision-makers – such as National Health 

System (NHS) hospital trusts or Clinical Commissioning Groups (CCGs). 

While the evidentiary requirements demanded by local decision-makers 

appears to be relatively unknown (39, 40), a qualitative study found that 

funding decisions for diagnostics are based on several factors, including  

‘value for money’ considerations.  

Whilst there are multiple routes to reimbursement, each requiring different 

specific evidence, evidence on all of the components of the test evaluation 

pathway (e.g. cost-effectiveness) is typically sought by all of these decision-

makers. 

1.2.5 Adoption  

Following a positive reimbursement decision, the adoption of a novel testing 

technology into day-to-day clinical practice ultimately depends on the clinicians’ 

acceptance and their widespread uptake of the new technology and integration 

into the healthcare systems (41). 

When offered new tests with proven superior value, some clinicians may 

nevertheless show reticence in embracing the new technologies (41-43). For 

example, clinicians may be wary of new technologies they have no personal 

experience with, and may be unwilling or unable to undergo additional training 

required to confidently utilise the new test and interpret its results. (41).  

Alternatively, there may be a reluctance among some clinicians to change the 

status quo of clinical practice, thereby making it difficult to implement innovations 

and de-adopt existing technologies (44). A paucity of data on the excepted 
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benefits and harms underpinning a new testing option might also explain a 

resistance among some clinicians towards implementing innovative testing 

technologies (44).  

One potential way of improving clinician buy-in is to ensure that stakeholder 

preferences (including clinicians and patients) are considered throughout the 

whole R&D process of a new test. Potential barriers to adoption can thus be 

identified in earlier stages of the evaluation pathway, and processes put in place 

to deal with them. This would increase the likelihood of new tests being adopted 

and implemented into clinical practice (6).  

1.3 Target Product Profiles 

Based on the discussed challenges in introducing new tests into clinical practice, 

there is a clear need for new methods and processes to ensure that innovation 

and research efforts are focused on technologies that fulfil a specific clinical need, 

and have the potential to bring value to patients and the health care system.  

To this end, Target Product Profiles (TPPs) have been suggested as a means of 

accelerating and de-risking the innovation process for new diagnostics, and 

ensuring that tests fulfil an unmet clinical need (45). TPPs are strategic 

documents listing the desired properties for a given product or intervention (46). 

While a universal definition for TPPs and understanding of their use are currently 

lacking (46, 47), there are core common features across TPPs to date, including 

• the concept of ‘beginning with the goal in mind’ – TPPs establishes 

key features and performance specifications in advance of product 

development, to ensure that the new technology is developed in a way that 

meets specific goals and expectations (48, 49); and  

• the concept of ‘living’ documents – TPPs should ideally be refined and 

updated as additional relevant information becomes available, to ensure 

that performance specifications listed in TPPs reflect the current evidence 

base (46, 48).  

Historically, there have been three applications of TPPs, including: (1) in-house 

industry-led documents; (2) non-mandatory regulatory documents for 

pharmaceuticals; and (3) guiding documents in the public health sector (46, 50). 

The following sections describe each of these applications.  
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1.3.1 Industry-led application of TPPs  

In the 1950s and 1960s, TPPs were initially developed in-house by industry, 

specifically for chemical and electronic products (50). With the widespread 

adoption of project management practices in the 1980s and 1990s, the use of 

industry-led TPPs began to be increasingly recognised as a means of identifying 

in advance project goals and potential risks (49, 50). In this context, TPPs are 

used either as:  

• communication tools – TPPs facilitates communication of how a certain 

product is used, alongside an overview of the key properties of the product, 

between different groups within the company (e.g. R&D department, 

manufacturing, marketing) throughout the product development process 

(49, 50); or  

• strategic documents – TPPs can also be used as a basis for comparing 

competing products against the product being developed. This helps to 

inform pricing strategies (46), and to understand how a product might differ 

from potential competitors already in the market (47). 

1.3.2 Regulatory applications of TPPs 

In the USA, TPPs are used as voluntary briefing documents to stimulate 

discussion between the pharmaceutical manufacturers and the USA Food and 

Drug Administration (FDA) throughout the drug development process (48). In this 

context, TPPs contain key goals for the manufacturer to achieve (48), and help 

to fulfill two regulatory objectives (51). First, TPPs support a discussion 

thoroughout the drug development process about the expected clinical and 

technical requirements the new treatment should achieve. Within a TPP 

document, manufacturers can also list the studies intended to address the 

labelling concepts, be it either planned or concluded studies (48). Second, TPPs 

help to gain feedback and stimulate discussion on the attributes of a certain drug 

once finalised. In the USA, guidance for developing TPPs is available in relation 

to new pharmaceutical drugs (48). This guidance, issued by the USA FDA, 

provides an overview of the purpose and attributes of TPPs, and which 

requirements for a new drug should be included based on safety and efficacy 

considerations (48).  
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Although manufacturers are not legally required to submitt TPPs, anecdotal 

evidence indicates that TPPs can be used to support discussion with 

manufacturers, helping to minimise late-stage product development failures, 

whilst ensuring a rapid generation of safety and efficacy data to meet the drug 

development program’s requirements (48, 50). Published literature, however, 

suggests that TPPs are seldom submitted for discussion with the regulatory body 

and, when submitted, they are usually incorporated at very late stages of the 

development process (50, 51).   

In addition to this, the International Council for Harmonisation of Technical 

Requirements for Pharmaceuticals for Human Use (A)3 guideline Q8 refers to 

TPPs as a means of supporting effective communications between regulatory 

bodies and industry throughout the drug development process (53). Core to this 

guidance document is the concept of quality by design, which is defined as:  

“A systematic approach to development that begins with predefined 

objectives and emphasizes product and process understanding and 

process control, based on sound science and quality risk 

management” (53). 

Under the quality by design framework, a new product is designed with the aim 

of meeting pre-identified quality objectives (54, 55). One of the first steps 

underpinning the quality by design framework is to develop a TPP, also known in 

this context as a Quality Target Product Profile (QTPP) (55). A survey study found 

that industry pharmaceutical representatives regard the quality by design 

principles as beneficial for the patients and the manufacturing process as a 

whole, although a subset of respondents reported that they have never used 

QTPPs (56).  

1.3.3 Guiding documents in the public health sector 

In addition to being industry-led and regulatory documents, TPPs have also been 

used as guiding documents within public health organisations as means of 

transparently identifying the necessary features of a public health intervention 

 
3 In 1990, the ICH was created in Brussels with a mission “to achieve greater 

harmonisation worldwide to ensure that safe, effective, and high quality medicines 
are developed and registered in the most resource-efficient manner” (52). ICH 
therefore develops guidelines in conjunction with scientific and regulatory expert 
input. 
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(46). In this context, the purpose of a TPP is to identify, upfront, the minimal and 

desirable features and performance specifications for new technologies to fulfil a 

pre-specified unmet clinical need (57, 58). This helps to coordinate and optimise 

the efforts and resources of every stakeholder and actor involved in the 

development process to achieve an intended health-related goal (46, 58). An 

example of TPPs in this context is the PATH Malaria Vaccine Initiative, a 

multidisciplinary project which aimed to develop TPPs for candidate malaria 

vaccines (59). The application of TPPs as guiding documents in the context of 

medical tests is discussed in the section below.  

1.3.4 TPPs for medical tests 

Outside of the development process of pharmaceutical drugs and vaccines, TPPs 

can also be useful for designing ‘fit for purpose’ medical tests (60). In this context, 

TPPs usually report the clinical purpose of the test, the target population and 

healthcare setting, in addition to minimal and optimal performance benchmarks, 

technical and infrastructural requirements (e.g. power requirements, storage 

conditions and waste disposal) (60). Required test characteristics may be 

expressed either quantitatively (e.g. limit of detection, diagnostic accuracy) or 

qualitatively (e.g. intended test use, target user). Table 1-1 illustrates a 

hypothetical example of TPP for a rapid diagnostic test for tuberculosis (TB). For 

each test characteristic (e.g. target user, price of individual test, analytical 

sensitivity), acceptable and desirable values are reported, and the sources used 

to derive those values are listed in the reference column (e.g. literature, 

consultations with experts).  

TPPs have great potential to be used as guiding documents for tests developers 

to avoid late-stage development failures and reduce research waste. They can 

be used during the development and manufacturing phase to ensure that a new 

test meets pre-established operational and performance requirements, in line 

with a specified unmet clinical need (48). This ensures that innovation of new 

medical tests is driven by patient and health service’s needs, rather than solely 

technological discoveries. This should increase the likelihood that new tests will 

be adopted into clinical practice and reimbursed (6, 31). Nevertheless, despite 

the relevance of TPPs for test manufacturers, there is currently no formal 

guidance as to best practice methods for developing a TPP specifically for 

medical tests and regulatory applications in this setting are, so far, limited.  
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Table 1-1 Hypothetical example of a TPP for a rapid test for TB  

Characteristic  Acceptable 

(‘must have’) 

Desired 

(‘would like to 

have’) 

Reference 

Intended use Rapid diagnosis of TB to initiate 

early TB treatment 

Expert consensus 

Target 

population 

Adults suspected of having active 

TB  

Expert consensus 

Target 

healthcare 

setting 

Secondary care 

with on-site 

laboratories 

Primary care 

clinics without 

access to on-

site 

laboratories 

Expert consensus 

Target user Healthcare 

worker 

Trained lay 

person 

Expert consensus 

Diagnostic 

sensitivity 

≥ 85% ≥ 95% Literature 

Diagnostic 

specificity 

≥ 80% ≥ 90% Internal/unpublished 

data 

Unit test price £40 ≤£10 Literature 
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1.4 Economic evaluation  

1.4.1 Main concepts 

Economic evaluation, a core component of HTA and the test evaluation pathway, 

compares the costs and benefits of two or more alternative healthcare 

technologies or pathways to support adoption and reimbursement decisions (61). 

In the context of HTAs, there are two primary types of economic evaluation used 

to inform test adoption decisions, which differ in terms of the measure of health 

benefit evaluated:  

• Cost-utility analysis (CUA) – uses a generic measure of health gain, 

called the Quality Adjusted Life Year (QALY) (61, 62). A QALY is a 

composite measure of health which combines both quality and quantity of 

life (61);  

• Cost-effectiveness analysis (CEA) – evaluates health gains in natural 

units (e.g. life-years gained, infections avoided) (61). CUA may be 

considered a subset of CEA. 

In addition, depending on the perspective of the analysis and decision-maker, 

different sets of costs can be included – be it either healthcare (i.e. treatment and 

medical costs for managing the disease) or societal perspective (i.e. 

transportation costs and time off work are also included) (61). 

Economic evaluation identifies which healthcare interventions and/or 

technologies should be recommended for a certain patient population based on 

cost-effectiveness considerations (61). Assessing whether a certain intervention 

represents ‘value for money’ over a comparator depends on a specific cost-

effectiveness threshold, which represents the maximum willingness-to-pay 

(WTP) for an additional unit of health benefit (63). Different WTP thresholds may 

be required depending on which metric of health benefit is used. In the UK, NICE 

guidelines recommend a WTP threshold ranging from £20,000 to £30,000 per 

QALY gained (62, 64). 
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Two primary metrics can be evaluated when estimating the cost-effectiveness of 

an intervention (A) compared to a selected comparator (B), including 

• Incremental cost-effectiveness ratio (ICER) – this ratio reflects the 

difference in costs (C) relative to the difference in effectiveness (E), 

either expressed as QALYs or in natural units, for A vs B (61, 63). The 

ICER between intervention A and intervention B is calculated as follows: 

𝐼𝐶𝐸𝑅 =  
𝐶𝐴 − 𝐶𝐵

𝐸𝐴 − 𝐸𝐵
=

∆𝐶

∆𝐸
 

• Incremental net monetary benefit (INMB) – converts the incremental 

benefits of an intervention into costs, using a specified WTP threshold. The 

incremental costs are then substracted to provide the net value of 

monetary benefit (65). The INMB between intervention A and intervention 

B is calculated as follows 

𝐼𝑁𝑀𝐵 =  (∆𝐸 × 𝑊𝑇𝑃 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑) − ∆𝐶 

Depending on the outcome measure selected, an intervention is considered cost-

effective compared to the comparator if: (i) the ICER falls below a specific WTP 

threshold (61); or (ii) if the INMB is greater than 0.   

A standard approach used in economic evaluations – early or otherwise – is 

decision-analytic modelling: a framework of analysis which uses mathematical 

tools and schematics to provide a simplified representation of the decision 

problem, as a series of uncertain events. Decision-analytic modelling is often 

used to evaluate diagnostics in the absence of RCT data or when direct evidence 

on downstream benefits or harms is lacking (66). Modelling also facilitates the 

exploration of uncertainty surrounding test characteristics, which can provide key 

insights at the early stages of evaluation when evidence may be missing or highly 

uncertain (29). Different modelling techniques are available to conduct economic 

evaluations, including decision trees, Markov models, and discrete event 

simulation (DES) models. An overview of the available decision modelling 

techniques is included in Appendix A.  
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1.4.2 Early economic evaluation  

Whilst economic evaluation is usually conducted at later stages of test evaluation, 

or after product development (67), EEE can also be performed when tests are 

still early development stages (e.g. from proof-of-concept stage up to the 

preclinical stage), when there is little or no clinical evidence available (68, 69).  

EEE has been recommended as a means of guiding the development of new 

medical tests and for checking that a new test has the potential to be cost-

effective prior to and during the typically lengthy development, regulatory and 

evidence generation pipeline (29). Although an universal definition for EEE is 

currently lacking (70) and there is variability in the methods adopted (71), a 

general framework for early-stage economic models for medical tests has been 

published (72) – see Figure 1-2. This framework comprises of five steps, 

including: 

• narrowing down the scope – this initial phase aims to define the scope 

of the analysis in terms of: (1) the intervention(s) being evaluated; (2) 

potential applications of the intervention (e.g. test role and purpose); (3) 

the patient population intended to be tested; (4) relevant comparators to 

include; (5) the current and proposed clinical care pathway within which 

the new test(s) will function; and (6) outcomes to assess. In case the 

application of the new test is unclear and/or uncertain, discussions with 

stakeholders can be undertaken to help to clarify how and under what 

conditions a test could provide greatest benefits to the population of 

interest.  

• inventory of available evidence and data on current testing strategy 

– this phase focuses on gathering evidence on the current standard care 

testing strategy, the clinical care pathway and any existing decision 

models which may help to inform the analysis. Consultations with experts 

are helpful at this stage to gain an understanding of the clinical pathway, 

and to help inform model parameters where there is a paucity of published 

data.  

• developing and modifying a conceptual model – a flexible conceptual 

model is developed during this phase to account for different scenarios 

underpinning the impact of the new test – which is unknown at the outset. 

As opposed to late-stage economic evaluations, the conceptual structure 
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and parameters of an early-stage model are highly uncertain and could 

be updated and modified once new evidence emerges.  

• early cost-effectiveness analysis – this phase aims to estimate the 

potential clinical- and cost-effectiveness of a new test compared to the 

standard care testing strategy via a series of sensitivity and scenario 

analyses. The findings of this phase are exploratory in nature rather than 

definite – as per late-stage economic evaluations – given the likely 

uncertainty underpinning model parameters and assumptions.  

• recommendations regarding further test development – as opposed 

to late-stage economic evaluations which aim to inform reimbursement 

decisions, results from early economic models can be used to (68, 71, 

72): (a) inform investment and design decisions of medical tests alongside 

future research design – if a new test is unlikely to be cost-effective at 

early development stages, the developers should consider suspending 

the development process as the likelihood of the test being reimbursed 

by decision-makers is low; (b) identify key evidence gaps and thereby 

guide future research design; (c) understand the mechanisms through 

which a new test has an impact on patient health outcomes; (d) establish 

performance requirements; and (e) plan reimbursement strategies. 

A particularly useful component of early economic modelling is the process of 

graphically mapping the existing clinical pathway, and comparative pathways 

which integrate one or more novel interventions, as a series of processes (73). 

As the expected benefits of a new test are rooted in the clinical pathway within 

which the new test will sit (17, 18), this exercise helps to better articulate at early 

development stages the expected ways in which a new test can improve upon 

the current testing workflow. For example, care pathway mapping helps to identify 

the ways in which the introduction of a new test may lead to changes in clinical 

decisions, subsequent patient management, health outcomes, resource use and 

cost. This, in turn, informs the different value propositions for a new test – defined 

as the excepted monetary and non-monetary benefits for key stakeholders, 

including patients, clinicians and investors (73, 74). In addition, this exercise 

helps to understand the positioning of a new test within an existing clinical 

pathway (i.e test role) (21). These comparative pathways then underpin the 

structure of the decision model, where all existing evidence is synthesised to 
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explore the potential cost-effectiveness of the proposed technology in addition to 

identifying key evidence gaps.
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Figure 1-2 Steps for conducting an early economic evaluation for new tests. Figure adapted from Buisman, L.R. et al. (72). 
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1.4.3 Previous examples of EEE for medical tests 

Outside the context of TPPs, EEE has previously been used to identify 

acceptable ranges for test characteristics or components of the use case4 (36, 

75-87). Key approaches used to this end among published EEEs for medical tests 

are discussed below (36, 75-87). 

Scenario Analysis 

Scenario analysis can be conducted to explore the impact of a group of parameter 

changes, that represent a specific clinical scenario, on the cost-effectiveness of 

new tests. For example, scenario analyses could be used to vary the country of 

interest (76, 87), altering the role of the test within the care pathway (77), 

changing the target patient population (79), exploring different levels of 

compliance to test results (81), and varying the test screening age (84). Scenario 

analysis has also been used to test the impact of particular assumptions 

underlying the natural history of disease progression (80), the test-treatment 

pathway (75), and the inclusion of external costs of antimicrobial resistance (75). 

Sensitivity analysis 

Deterministic sensitivity analysis involves varying the values of one or more test 

characteristics (or other input parameters) at the time and recording the impact 

on the cost-effectiveness of new tests (88). For example, several authors have 

employed univariate sensitivity analysis (i.e. varying one parameter at a time in 

the model) to explore the impact of different disease prevalence values (36, 82, 

85, 87), health-related utility weights (75, 85, 86), and elements of disease 

progression (75, 83, 86). Others have used this approach to identify ranges of 

minimal benchmarks of test performance such as diagnostic sensitivity and 

specificity (79, 82, 87), while exploring changes in cost-effectiveness results due 

to altering the test reference method (86), or price (75, 80, 87), alongside 

treatment costs (75, 87). Bivariate sensitivity analyses (i.e. varying two 

parameters in the model) have similarly been used to assess the impact of 

changing disease prevalence and test price (85), or diagnostic sensitivity and 

specificity (75, 77, 80, 84, 86), or diagnostic accuracy and test price 

simultaneously (87). In addition, several authors have conducted probabilistic 

 
4 Use case refers to the way in which medical tests are used optimally. 
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sensitivity analyses (PSA) in which all parameters are varied based on 

probabilistic distributions representing the sampling uncertainty around those 

parameters (71, 76, 78, 79, 81). 

Headroom Analysis 

The headroom price of a new test represents the maximum price at which that 

test is considered cost-effective, assuming perfect accuracy. Headroom analysis 

has been used to assess the financial room for improvement compared to current 

practice, by either comparing the net monetary benefits between testing options 

(77, 78), or monetizing the effectiveness gap (82). The latter equals the maximum 

room for improvement between testing practice and a perfectly accurate test (82).  

Threshold Analysis 

Threshold analysis identifies the critical value for input parameters above or 

below which a reimbursement decision is expected to change. This approach has 

been used to estimate the maximum price at which a test remains cost-effective 

given a specified WTP threshold (76, 77, 82-85). Others have used this approach 

to further explore the impact of changing two or more test characteristics (e.g. 

diagnostic sensitivity and specificity) on the test’s maximum acceptable costs (76, 

77, 79, 82, 83). 

Value of Information Analysis 

Value of information (VOI) analysis can be used to assess the value of gathering 

additional information on model parameters, in order to reduce current decision 

uncertainty. In the context of EEE, where uncertainty around test characteristics 

is typically high (77, 78, 85), the utility of standard VOI approaches (e.g. 

computing the expected value of perfect information) may be limited, since one 

would always expect there to be value in conducting further research at this 

stage. Nevertheless, more sophisticated VOI analysis (e.g. computing the 

expected value of sample information) could be usefully employed at later 

development stages to make recommendations around the specific research 

design (e.g. sample size, duration of follow-up) expected to reduce decision 

uncertainty most efficiently.  
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1.5 Thesis rationale 

At the early stages of development, TPPs provide test developers with key 

performance and technical requirements new (and existing) tests should possess 

to address an unmet clinical need. EEE has been used outside the context of 

TPPs to identify acceptable ranges for certain performance requirements for new 

tests (e.g. diagnostic accuracy) or components of the use case – as discussed in 

section 1.4.3. Selection of a WTP threshold can be used to derive the minimum 

performance requirements and maximum costs for a new test to be cost-effective 

(72). In addition, decision-analytic modelling has the potential to estimate the 

clinical utility of a new or hypothetical test in terms of life years, quality of life, and 

adverse events through linked evidence modelling. By combining EEE and WTP 

as a decision rule, it is possible to identify under which conditions a test 

maximises clinical utility (albeit with inevitable, but quantifiable, uncertainty). This 

illustrates the potential utility of EEE to inform TPP development. Currently, 

however, EEEs are yet to be used in the context of TPP development, and there 

is no guidance available as to how this could or should be done. Based on this, 

there is a clear value in exploring how early economic modelling could inform the 

development of TPPs for medical tests. This is expected to help manufacturers 

to develop tests that are both beneficial to patient’s health and cost-effective, thus 

improving the likelihood of adoption into clinical practice. 
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1.6 Scope, aim and structure  

1.6.1 Scope 

While TPPs have been extensively produced to guide the development process 

of pharmaceutical drugs (as highlighted in section 1.3.2), the focus of this thesis 

lies in the use of TPPs in the context of any type of medical tests. 

 

In particular, this thesis focuses on the use of EEE methods within TPPs as a 

means of informing key TPP performance requirements, for example diagnostic 

accuracy, turnaround time5, and cost. To explore the use of EEE methods within 

TPP development, a case study is presented in this thesis focusing on a new 

rapid in-vitro point-of-care diagnostic test for Clostridioides difficile infection 

(CDI). Development of a full TPP for new diagnostic tests for CDI (including a 

wide rage of additional elements such as analytical performance and 

infrastructural requirements) is part of a broader Medical Research Council 

(MRC)-funded programme grant (MR/N029976/1)6, and is outside the scope of 

this thesis. The findings from this thesis will be used at later stages to inform parts 

of the full TPP developed within the MRC-funded project.  

 

As there is high variability in the incidence rates and testing protocols for 

diagnosing CDI across Europe (90), the scope of this thesis is on the UK clinical 

and diagnostic pathway for patients suspected and confirmed with CDI. Whilst 

the example used herein relates to infection diagnostics, and specifically an in-

vitro diagnostic tests (i.e. tests conducted on samples derived from the human 

body such as blood, stool or tissue), it is expected that the general principles and 

methodology presented in this thesis will be applicable to most types of medical 

testing technologies and indications. The generalisability of the thesis findings is 

discussed in Chapter 7. 

  

 
5 It represents how long it takes to yield test results after having obtained the sample to 

test. 
6 This programme grant is called ‘Rapid infections diagnostics to combat antimicrobial 

resistance’ (RID-AMR@Leeds) research group (89). 
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1.6.2 Aim 

The overarching aim of this thesis is therefore to explore how EEE methods could 

be integrated into the TPP development process for new medical tests. To this 

end, the following specific objectives will be addressed: 

1. to identify and report how TPPs for medical tests are currently 

developed, as well any limitations with current TPP methodology; 

2. to exemplify the potential benefits of using EEE to inform TPPs; 

3. to identify current problems and unmet clinical needs in the diagnosis 

of CDI, and whether there is an unmet need for a new test for CDI; and 

4. to develop an early economic model comparing a hypothetical rapid 

test for CDI to current practice – to identify minimum performance 

specifications for key parameters (i.e. diagnostic accuracy, turnaround 

time, test cost).  

1.6.3 Structure 

The first part of this thesis focuses on exploring how to integrate EEE methods 

within the TPP development process: Chapter 2 is focused on establishing 

current TPP methodology and key methodological limitations that EEE could help 

to address. The second part of the thesis from Chapter 3 to Chapter 6 applies 

EEE methods within the context of the case study.  

The thesis is divided into seven chapters, outlined below:  

• Chapter 1 (the current chapter) provides an introduction to the 

development process of new diagnostic tests, TPPs for medical tests, 

cost-effectiveness analysis and EEE methods. 

• Chapter 2 reports a systematic literature review of TPPs for medical 

tests, which aims to identify the methods currently used to develop 

TPPs. This is followed by an overview of the anticipated benefits of 

integrating EEE methods within the typical TPP development process. 

• Chapter 3 introduces the clinical background to the case study. The 

main aspects underpinning the laboratory diagnosis of CDI are 

outlined, followed by a description of the UK clinical pathway for 

patients suspected and confirmed with CDI.  
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• Chapter 4 reports an online survey of UK healthcare professionals 

which aims to identify unmet clinical needs and challenges in the 

diagnosis of CDI, and to map the clinical care pathway for CDI . 

• Chapter 5 describes the structure and parameterisation of a de novo 

early economic model for a new rapid CDI diagnostic test based on 

synthesising evidence from the literature, databases and consultations 

with clinical experts. 

• Chapter 6 presents a de novo pragmatic approach to identify in 

advance minimum performance requirements for tests based on cost-

effectiveness considerations. This approach is then applied to the 

model-based EEE outlined in Chapter 5. This chapter presents the 

results of the model analysis, alongside a discussion of the model 

findings and limitations.  

• Chapter 7 summarise the key findings of the presented research and 

provides a discussion on the impact and limitations of the thesis, as 

well as future research recommendations. 
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Chapter 2  

Target Product Profiles for medical tests: a systematic review 

of current methods 

2.1 Chapter outline 

Chapter 1 introduced the thesis topic of TPPs for medical tests as a means of 

stimulating ‘fit for purpose’ innovation for new diagnostics. Although there is a 

growing body of published TPPs for medical tests, no formal guidance for best 

practice methods is currently available. The aim of this chapter is therefore to 

review and describe the methods currently used to develop TPPs for medical 

tests, focusing on: (1) determining whether there is a common methodology used 

across published TPPs; (2) which test characteristics commonly featured in TPP 

specifications; and (3) key areas requiring further methodological development. 

This chapter first describes the review methods (section 2.2), followed by the 

results (section 2.3), and discussion (section 2.4). Based on the methodological 

limitations identified in the review, the hypothesis that EEE could strengthen the 

methodological rigour of TPPs for medical tests is presented (section 2.5).  

The research and discussion presented in this chapter have been published as 

part of two jointly-authored peer-reviewed papers: (i) a systematic review article 

in BMC Medicine (1); and (ii) a ‘Perspective’ publication in the International 

Journal of Technology Assessment in Health Care (2).  

2.2 Methods 

A systematic review was conducted to explore the methods currently used to 

develop TPPs for medical tests. The protocol for the systematic review was 

registered on the PROSPERO database (CRD42018115133) (91). 

2.2.1 Literature search 

A search strategy (available in Appendix B) was developed with support from an 

Information Specialist (Natalie King) at the University of Leeds. The following 

electronic databases were searched: MEDLINE (Ovid), EMBASE, CAB Abstract 

Online, CINHAL, Global Health, Scopus and Web of Science. The database 

searches were performed in November 2018 and encompassed two main 

elements: (1) free-text terms to identify TPPs (e.g. quality by design, QTPP) (lines 
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#1-3); (2) MeSH headings and free-text terms related to medical tests (lines #5-

6). 

In addition to the electronic databases, grey literature and websites were 

searched using structured methods proposed by Godin, K. et al. (92). A 

customized Google search was conducted in November 2018 to find relevant 

websites. Each identified website was hand-searched to identify potentially 

relevant references or, alternatively, an internal search engine was used if 

available. Duplicates across searches were removed.  

All searches were conducted by the primary reviewer (Cocco P) and peer 

reviewed by an Information Specialist (King N).  

2.2.2 Screening 

The inclusion criteria for the systematic review are presented in Table 2-1. Only 

references which included a TPP for a medical test were included. A restriction 

on the publication format was applied to ensure that the methods for each 

included TPP were reported in sufficient detail to review them.  

Table 2-1 Systematic review – inclusion criteria 

Item Inclusion criteria 

Study design TPP 

Intervention 
Any type of medical test (e.g. imaging, in vitro and in vivo 

medical tests) 

Population Any human population 

Clinical 

setting 
Any 

Indication Any 

Date Any 

Language English 

Format 
Any publication format (e.g. peer-reviewed articles, reports, 

posters), except newsletters and PowerPoint presentations 
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Titles and abstracts of the retrieved records were screened by the primary 

reviewer based on the inclusion criteria, of which a random 10% sample were 

independently screened by a second reviewer (Shinkins B). Records that met the 

inclusion criteria at this stage, or those for which it was not possible to determine 

eligibility based on title and abstract, were then screened based on the full text. 

For those records where the full text was not available, the authors were 

contacted via email. The full texts of the eligible records at this stage were 

screened independently by the primary and second reviewers based on the 

inclusion criteria in Table 2-1. Inter-reviewer agreement  was assessed with the 

Cohen’s κ statistic (93). In case of any disagreements regarding a record’s 

inclusion, a consensus-based discussion with additional researchers (Messenger 

MP and West RM) determined the final inclusion decision. EndNote X9 

(Thompson Reuters) was used to manage the retrieved records. 

2.2.3 Data extraction and analysis 

A data extraction spreadsheet included: (i) basic descriptive information relating 

to the TPP (e.g. publication format, disease of interest, targeted clinical setting, 

funder, time-horizon); (ii) the type of information (i.e. input sources) used to inform 

each test specification listed in the TPP (e.g. expert consultation, review of the 

literature); (iii) the activities reported to develop the TPP (e.g. rounds of document 

revision, consensus meetings); and (iv) the stakeholders involved at each stage 

of the TPP development.  

Based on the review findings, a common decision-making framework was 

identified across the included TPPs (scoping, drafting and consensus-building 

phase – see section 2.3.3 for details). The input sources and stakeholders invited 

were summarised for each decision-making phase. Where stakeholders and 

input sources were not explicitly reported, sources included in each TPP and 

descriptions of each test characteristic in the main text were reviewed.  

A transparency assessment was conducted to investigate the extent to which 

each TPP was reproducible. Each TPP was assessed in terms of whether the 

adopted input sources were clearly reported, along with the activities undertaken 

in each decision-making phase  (e.g. interviews, priority-setting exercise, Delphi-

like survey), which stakeholder groups were consulted, and the funding body.  
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Data extraction was conducted independently by the primary reviewer and a third 

independent reviewer (Ayaz-Shah A). In case of disagreement, additional 

researchers (Shinkins B, Messenger MP and West RM) were consulted. 

2.2.4 Test characteristic clustering 

Test characteristics reported within each TPP were extracted and duplicates 

were removed. Test characteristics were grouped under the categories of the 

ACCE test evaluation framework (23). Several test characteristics, however, did 

not fall within any of the pre-defined ACCE categories. Three additional 

categories were therefore included to accommodate these additional 

characteristics: (i) human factors (e.g. training and education, ease of test 

interpretation); (ii) environmental impact; and (iii) infrastructural requirements. 

Table 2-2 describes each category used to cluster test characteristics across 

TPPs. 
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Table 2-2 Overview of each test characteristic category used to cluster test 

characteristics within TPPs 

Test characteristic 

categories 
Definition 

Unmet clinical need Specifies the disease of interest, target population and 

purpose of the test (23). Within the ACCE framework, this 

category is labelled ‘test definition’. As this category 

overlaps with the concept of unmet clinical need, it is here 

referred to as ‘unmet clinical need’ to better represent the 

type of information TPPs provide. 

Analytical performance Defined as the ability of a test to accurately detect and 

measure a given analyte (e.g. precision, trueness, 

analytical sensitivity and specificity, limits of detection) 

(27, 94). 

Clinical validity Described as “the ability of a device to yield results that 

are correlated with a particular clinical condition or a 

physiological or pathological process or state” (27). 

Clinical utility The ability of a test to affect patients’ health outcomes 

(e.g. improvement in quality of life, longer lifespan) (30). 

Regulatory legitimacy The appropriateness of the regulatory procedures in 

place when introducing a new test into the market (e.g. 

legal requirements, product registration path) (23). 

Costs The (expected) changes in costs following the 

introduction of a new test into a clinical care pathway (21).  

Human factors Factors concerned with the interactions between users 

and devices (e.g. result document and display, ease of 

test interpretation, tool format and complexity) (95). 

Environmental impact  Encompasses a change to the environment following an 

interaction with the device (96). 

Infrastructural 

requirements 

Entails “the stock of the basic facilities and equipment 

needed for realizing a product or providing a service” (97). 
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2.3 Results 

The datasets generated and analysed during the systematic review (including the 

data extraction form and overview of test characteristics included in reviewed 

TPPs) are available in the Research Data Leeds Repository 

(https://doi.org/10.5518/1185). 

2.3.1 Literature search 

Full details of the literature search results are reported in Figure 2-1. From the 

database and online searches, 2891 records were retrieved after removing 

duplicates. Upon completion of the two-stage screening process, 44 TPPs were 

deemed eligible for inclusion (57, 60, 98-139). Twenty-eight of the 44 included 

records were identified from the website searches (64%), whilst 9 records were 

identified from the database searches (20%). Seven records were from both the 

database and website searches (16%). Inter-reviewer agreement between 

primary and secondary reviewer was high at title and abstract (κ = 96%) and full-

text screening (κ = 90%). For more details, see Appendix C.  

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.5518%2F1185&data=05%7C01%7CP.Cocco%40leeds.ac.uk%7C4fff66bc0e414ff81cad08da60f9fb4c%7Cbdeaeda8c81d45ce863e5232a535b7cb%7C1%7C0%7C637928924040728065%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=kbZtADtiEYsGUTuG6S68NFZX%2Fu34HDh9FxJwQsY3lII%3D&reserved=0
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Figure 2-1 Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) flow diagram illustrating literature search results – 

systematic review 
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2.3.2 Feature of included TPPs 

The included 44 TPPs consisted of 23 reports, 16 peer-reviewed journal articles, 

4 published TPP tables (a TPP without any background information or context 

e.g. (113)) and one conference poster. Included TPPs were dated between 2012 

and 2018.  

All TPPs provided guidance on developing medical tests to detect infectious 

diseases. Fourteen of the 44 TPPs focused on neglected tropical diseases (32%) 

(e.g. soil-transmitted helminths, Chagas disease, human African 

trypanosomiasis, schistosomiasis, trachoma, taeniasis cysticercosis), and on 

tests for vector-borne infections (32%) (e.g. Zika virus, Dengue fever, hepatitis C, 

malaria, Escherichia coli). Other types of infection included sexually transmitted 

infections (16%, n=7), respiratory infections (14%, n=6) (e.g. lower-tract 

respiratory infection, tuberculosis, pneumonia), Ebola virus (136), meningitis 

(139) and severe febrile illness (57). 

Seven of the 44 TPPs were funded by Bill and Melinda Gates Foundation (16%), 

whereas several TPPs received funding from national agencies (99, 102, 103, 

117, 120), the World Health Organisation (WHO) (57, 127, 128), or a public-

private global health partnership (125). The majority of TPPs did not disclose 

funding sources (64%, n=28). The healthcare settings of interest were mostly low 

and middle-income countries.  

Although the majority of TPPs outlined minimal and optimal requirements for new 

tests, there was a lack of agreement on the definition for ‘minimal’ and ‘optimal’ 

requirements. Eleven of the 44 TPPs aimed to define minimal test characteristics 

as the lowest acceptable specifications (25%), opposed to 6 TPPs which defined 

them as must-have characteristics (14%). One TPP defined ‘minimal’ test 

characteristics as those which provide a clear advantage over a comparable test 

(102).  

Nine of the 44 TPPs reported ‘optimal’ requirements as the ideal value for test 

characteristics (20%), whilst 5 TPPs defined optimal as the values which would 

maximise the test’s value (11%) – without defining what ‘value’ meant in this 

context. One TPP reported ‘optimal’ requirements as values for a certain test 

characteristics that would make the test more attractive (120) – without specifying 

the benchmark used in this comparison. One TPP defined ‘optimal’ as the values 

that provide optimal ‘diagnostic effectiveness’ (102), whilst another TPP defined 
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them as nice-to-have characteristics (115), or, alternatively, “the lowest 

acceptable output for that characteristic for an ideal technique” (116). Two TPPs 

reported a single target requirement for each of the included test characteristics, 

rather than outlining minimal and optimal values (105, 134) .  

Of the 44 TPPs identified, 7 reported the time-horizon during which the 

information included in the TPP was considered to be relevant for manufacturers 

(16%). Of those, 6 TPPs stated a time-horizon of 5 years (60, 99, 100, 104, 106, 

130), whilst the remaining considered a time-horizon of 10 years (108). In three 

TPPs, a time-horizon was chosen to represent the timeframe within which 

achieving the specifications was considered feasible (60, 99, 100). In one TPP, 

this was based on literature reviews, surveys and consultations with industry and 

academic representatives (i.e. landscape analysis – see section 2.3.3.1) (99). In 

another, expected advancements in technologies and knowledge related to a 

certain field appeared to justify the time-horizon considered for the TPP (104). 

For more details on the methodology underpinning each of the included TPPs, 

see Appendix C. 
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2.3.3 Decision-making process 

A common decision-making framework, consisting of three distinct phases, was 

apparent across the included TPPs: scoping, drafting and consensus-building.  

Figure 2-2 presents the most commonly adopted activities, and input sources 

used in each phase. A summary of the input sources reported to have been used 

during the scoping and drafting phase can be found in Table 2-3. 

Figure 2-3 provides a summary of the stakeholders contributing to each phase. 

Several of the TPPs are excluded from Figure 2-3 as they did not report any 

information on input sources or stakeholder groups (112-114, 131, 133, 134, 

139). The following sections describe the aim of each phase and a breakdown of 

the methodology (i.e. activities, input sources, and stakeholders) used within the 

included TPPs, where reported. 
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Figure 2-2 Typical activities involved and input sources used within each decision-making phase 
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Figure 2-3 Stakeholder groups contributing to each phase of TPP development in absolute number (n) and as a proportion of the 

total number of included TPPs (%) 

Note: the percentages in relation to stakeholder groups do not add up to 100% because more than one stakeholder group usually contributed to the 

development of a TPP 
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Table 2-3 Input sources reported to be used in scoping and drafting phase  

The percentages in relation to input sources do not add up to 100% because each TPP could list 

more than one source.  

a Percentages are calculated in relation to the number of TPPs which provided information on 

input sources used during the scoping phase (n=21). 

b Percentages are calculated in relation to the number of TPPs which provided information on 

input sources used during the drafting phase (n=33). 

c Interviews that are conducted in a naturalistic setting to observe how study participants interact 

in their environment. 

  

  
 

Scoping Drafting 

 n (%)a n (%)b 

TPPs reporting information on input sources 

considered 
21 (48) 33 (75) 

Literature 8 (38) 22 (67) 

Expert opinion  15 (71) 24 (73) 

Meeting input 4 (19) 7 (21) 

Consensus-meeting input 0 (0) 3 (9) 

Internal/unpublished data 0 (0) 7 (21) 

Interviews/questionnaire with experts 4 (19) 2 (6) 

Laboratory evaluations 0 (0) 1 (3) 

Mathematical models 0 (0) 8 (24) 

WHO clinical guidelines 0 (0) 6 (18) 

Early usability studies 0 (0) 1 (1) 

Industry standard 0 (0) 1 (3) 

Field observations  1 (5) 5 (15) 

Ethnographic interviews 1 (5) 0 (0) 

Reports 2 (10) 0 (0) 

WHO policies 1 (5) 0 (0) 

Market analyses 1 (5) 0 (0) 

Websites of developers 1 (5) 0 (0) 
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2.3.3.1 Scoping phase methodology 

Half of the TPPs described the methodology underpinning the scoping phase 

(n=22). The general aim of this phase is to identify the clinical problem and unmet 

needs that the test should address, in addition to outlining which test 

characteristics to include in the TPP. This phase also includes an overview of the 

disease area and the limitations of existing technologies.  

In the scoping section, every TPP clearly defined the purpose of the desirable 

tests (i.e. screening, diagnosis, prognosis, prediction or monitoring). Most TPPs 

aimed to address clinical needs for diagnostic (n=39), monitoring (n=7), or 

screening tests (n=4)7. Several TPPs specified the exact technology that the new 

test should use (n=8) – be it either a lateral flow device (120, 122, 124), a 

multiplex multi-analyte cartridge assay (57), a nucleic acid amplification test 

(NAAT)8 (106, 120).  

Key activities reported to have been undertaken during the scoping phase 

included: (i) reviewing existing literature (n=6); (ii) introductory meetings with 

stakeholders (n=4); and (iii) priority-setting exercises9 (n=5).  

A minority of authors reported (n=4) that they had conducted a landscape 

analysis (22, 26, 37, 50), providing information on the disease area of interest, 

available diagnostic technologies, related characteristics, and limitations. 

Although none of the TPPs provided the definition for a ‘landscape analysis’, 

these were usually based on interviews with stakeholders and reviews of the 

literature. Only Toskin, I. et al. (129) reported a systematic literature review, 

providing the search strategy and databases searched.  

Consultations with experts (n=15, 71%)10 and literature findings (n=8, 38%)8 were 

the most commonly utilised sources of information during the scoping phase (see 

Table 2-3 for a full breakdown). Only one type of source was considered in 15 

TPPs (of which 11 was consulting experts), whilst 7 TPPs employed more than 

one source. Denkinger, C. et al. (99) mapped the available diagnostic tests in the 

 
7 Total numbers do not add up to 44 as some TPPs described required characteristics 

for more than one test within the same TPP document. 
8 An alternative name for NAAT is polymerase chain reaction (PCR) test. 
9 In a priority-setting exercise, stakeholders rank different options based on a pre-

specified set of criteria (e.g. disease burden, market potential) in order to define the 
highest priority option.  

10 Percentages are calculated in relation to the number of TPPs which provided 
information on input sources used during the scoping phase (n=21). 
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disease area of interest and then performed a survey to gauge stakeholders’ 

preferences. Reipold, E. et al. (127) identified the main characteristic categories 

(e.g. scope, performance, operational characteristics and pricing) to be included 

in the TPP. Five TPPs involved a priority-setting exercise during which clinical 

experts and stakeholders ranked each identified health need (60, 100, 106, 110, 

127).  

Across the TPPs included, many stakeholder groups contributed to the scoping 

phase, most notably researchers (n=14, 32%)11, international public health 

institutions (n=12, 20%)9, and industry representatives (n=11, 25%)9. Policy 

makers (n=4, 9%)9, patient advocates (n=1, 5%)9, and representatives of the non-

profit sector (n=1, 2%)9 were less frequently engaged in scoping the unmet need 

for a new test. For details on the stakeholders invited to the scoping phase see 

Figure 2-3. 

2.3.3.2 Drafting phase methodology 

The first draft of each TPP was usually prepared by either an established working 

group comprising experts from different organisations (103, 108, 110, 118, 120, 

129, 137) or authors of the published TPP. There were two cases where the TPP 

was drafted by a completely different organisation (130, 136). The TPPs were 

often revised several times and, in some cases, were then shortened to ensure 

ease of communication to different stakeholders (60, 99, 100, 106, 108).  

Of the 44 included TPPs, 33 reported which input sources were considered during 

the drafting phase (75%) (Table 2-3). Common input sources for populating test 

characteristics were expert consultations (n=24, 73%) and reviews of the 

literature (n=22, 67%). Several also took into consideration mathematical models 

(n=7, 21%), WHO clinical guidelines (n=6, 18%), and ‘field observations’ (n=5, 

15%) – although none of the identified TPPs defined what this term meant. Seven 

TPPs relied on unpublished or internal data to inform test performance 

specifications, although none of them provided any further information on the data 

used. Only one TPP was informed by pooled data from a systematic review (129). 

Industry standards, laboratory evaluations and early usability studies were the 

least considered types of source among the TPPs being reviewed. Twenty-six of 

 
11 Percentages are calculated in relation to the total of included TPPs (n=44) as per 

Figure 2-3. 
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the 44 TPPs relied on more than one type of input source at the drafting phase, 

whereas 7 TPPs only adopted one. Meeting inputs were the most common single 

source (n=3, 43%). For a full breakdown on the input sources used during the 

drafting phase see Table 2-3. 

An investigation of which input sources informed the TPPs’ analytical and 

diagnostic accuracy specifications was conducted, given the importance of these 

parameters to the performance of medical tests. For many of the TPPs, the 

analytical and diagnostic accuracy specifications were based on published 

literature (60, 99-102, 104, 106, 110, 115, 116, 118, 121-124, 127), or 

consultations with experts (60, 101, 103, 104, 106, 117, 127).  

Seven TPPs adopted mathematic models to help define either analytical or 

diagnostic accuracy (60, 99, 100, 102, 106, 117, 127), including: (i) a 

mathematical model of malaria transmission which explored the impact of varying 

the diagnostic cut-off threshold in reducing malaria transmission (140); (ii) a 

compartment transmission model capturing changes in TB transmission and 

mortality (141); (iii) a model estimating the positive and negative predictive values 

in the context of varying disease prevalence (117); and (iv) a decision tree model 

measuring the effectiveness, in terms of disability-adjusted life years (DALYs), of 

a set of diagnostic sensitivity and specificity pairs of a hypothetical triage test for 

TB (87). Among the TPPs that specified quantitative minimal and desirable 

diagnostic accuracy values (n=36, 82%), several failed to specify which 

diagnostic reference standard should be used (57, 103, 109, 113, 114, 135, 137). 

For many of the TPPs, optimal targets for diagnostic accuracy were set to greater 

than 99% (100, 102, 106, 109, 110, 114, 118, 121-129, 134, 135).  

Methods used to define target specifications for test prices were also 

investigated. The majority of TPPs included estimates of optimal and/or minimal 

price for new tests (n=30, 68%). Across the TPPs which reported the input 

sources used to inform this test characteristic (n=13), test prices were mostly 

informed by consultations with experts (n=5, 38%) or literature findings (n=4, 

31%), followed by reports (n=2, 15%). Six TPPs used clinical studies to inform 

the benchmarks for test price (60, 102, 118, 121-123), including: (i) a trial-based 

cost-effectiveness analysis conducted in Uganda (142); (ii) an unpublished study 

on the end-users’ willingness-to-pay for a human immunodeficiency virus (HIV) 

test (118); (iii) a cost-utility study conducted in Kenya (143); and (iv) an ongoing 
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cost and affordability study presented during the TPP consensus-meeting (60). 

WHO (60) also considered the findings from a published decision tree evaluating 

the impact of an hypothetical triage test for TB to inform the desirable test price 

(87). 

Similar to the scoping phase, the stakeholder groups mostly engaged in drafting 

TPPs were researchers (n=15, 34%)9, international public health institutions 

(27%, n=12) 9, industry representatives (n=11, 25%)9 and clinicians (n=8, 18%)9. 

Implementers (n=2, 5%)9, health economists (n=2, 5%)9 and modelers (n=1, 2%)9 

contributed less frequently to the drafting phase (see Figure 2-3).  

2.3.3.3 Consensus-building phase methodology 

Initial agreement with the TPP was often obtained using a survey of stakeholders 

(n=14). The survey either included general questions regarding stakeholders’ 

views on the TPP (99, 102, 104, 130), or adopted a Delphi-like approach to 

provide an initial consensus on various aspects of the TPP (n=10). A consensus 

meeting with stakeholders and experts was typically held (n=11) and a revised 

TPP agreed upon. In some cases, an additional survey was sent to stakeholders 

on trade-offs between test attributes (127), or on ranking key parameters (130, 

133). For two TPPs, the final TPP draft was presented to a broader stakeholder 

base to validate it (99, 100).  

The number of participants invited to the consensus-building meetings varied 

(<20 participants: n=5; between 20 and 50 participants: n=7). One meeting 

included 100 participants (104). For several of the TPPs, the authors also took 

part in the consensus-meetings (60, 108, 116, 137).  

Less than half of the included TPPs reported information on the activities and 

stakeholders invited to the consensus-building phase (n=19). A variety of 

stakeholder groups were invited to the consensus-building phase, ranging from 

researchers (n=14, 32%)9, industry representatives (n=14, 32%)9, international 

public health organisations (n=12, 27%)9, to representatives of national disease 

programs (n=8, 18%) and policy-makers (n=4, 9%)9. The stakeholders engaged 

in the consensus-building phase are reported in Figure 2-3. 
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2.3.4 Methodological transparency 

The transparency of the TPPs in terms of reporting their methods was also 

assessed (see Figure 2-4). Over a quarter of the included TPPs did not state the 

decision-making process behind TPP development (n=16, 36%). Further to this, 

many failed to report which sources were considered to inform the scoping phase 

(n=23, 52%) and to populate the TPP during the drafting phase (n=11, 25%). Just 

under half did not disclose which stakeholders were involved in the development 

of the TPP (n=20, 45%). Specifically, the name of the organisations stakeholders 

were affiliated with was only reported in 11 TPPs (25%), whilst 9 TPPs mentioned 

personal details of each stakeholder (20%). Most TPPs failed to explain why 

certain stakeholders were involved in the development of the TPP (n=41, 93%) – 

except three studies which stated that stakeholders were engaged in virtue of 

their expertise and experience in the field of interest (103, 116, 137). Sources of 

funding were often not reported (n=28, 64%). In a minority of TPPs the 

methodology was clearly reported (60, 103, 106, 116). For further details on the 

transparency assessment of each of the included TPPs see Appendix C.  

Figure 2-4 Transparency in methods reporting across the included TPPs 

(n=44)  
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2.3.5 Test characteristics of included in TPPs 

After removing duplicates, 140 different test characteristics were reported across 

the included TPPs. Features which did not represent test characteristics have 

been excluded from this analysis, such as factors relating specifically to the 

disease in question, rather than the test. Figure 2-5 shows the test characteristics 

most frequently reported (a full list is available in Appendix D). A full list of test 

characteristics is available in Appendix D, and the ‘Test Characteristic Clustering’ 

Excel spreadsheet available at the Research Data Leeds Repository 

(https://doi.org/10.5518/1185).  

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.5518%2F1185&data=05%7C01%7CP.Cocco%40leeds.ac.uk%7C4fff66bc0e414ff81cad08da60f9fb4c%7Cbdeaeda8c81d45ce863e5232a535b7cb%7C1%7C0%7C637928924040728065%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=kbZtADtiEYsGUTuG6S68NFZX%2Fu34HDh9FxJwQsY3lII%3D&reserved=0


45 

Figure 2-5 Test characteristics frequently reported in all TPPs (n=44) sorted by categories 
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Figure 2-6 depicts which characteristic categories were reported in the included 

TPPs. Details on unmet clinical need, analytical performance and clinical validity 

appeared to be consistently reported, whereas regulatory impact, environmental 

footprint and clinical utility were less frequently considered.  

Figure 2-6 Test characteristic categories included in TPPs, in absolute 

number (n) and as a proportion (%)  
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2.4 Discussion 

2.4.1 Review findings 

The findings of this systematic review describe the methods currently used to 

develop TPPs for medical tests. Forty-four TPPs dated between 2012 and 2018 

were identified, all of which focused on infectious diseases.  

A shared framework for the development of TPPs was identified, comprising of 

three core phases: scoping, drafting and consensus building (as described in 

Figure 2-2). The scoping phase aims to identify the focus of the TPP, both in 

terms of the unmet clinical need in question and which test characteristics should 

be included in the TPP. Consultations with experts and information from the 

literature were typically considered during the scoping phase. The drafting phase 

entails developing and revising the TPP, and was mainly based on consultations 

with experts, literature findings, meetings and available data (e.g. internal and 

unpublished data). The final phase, consensus-building, aims to gather 

stakeholder’s views on the TPP through surveys and consensus-meetings. 

Across all phases of TPP development, the most frequently involved stakeholder 

groups were academic researchers, industry representatives, international public 

organizations, clinicians and members of disease-specific programs.  

TPPs for new tests to date provide manufacturers with necessary specifications 

mostly related to test analytical performance (e.g. volume sample required) and 

clinical validity (e.g. predictive values, diagnostic accuracy), followed by 

infrastructural requirements (e.g. storage conditions), human factors (e.g. tool 

format and complexity) and costs. The environmental impact, and clinical utility 

and cost-effectiveness of tests were rarely considered. Extensive variability in the 

terminology for test characteristics was also found, with several alternative terms 

used to refer to common test performance specifications. This, in turn, might 

hinder the interpretability and applicability of TPPs for test developers and 

researchers in this area, especially if the use of an alternative terminology is not 

justified.  

There was a general lack of transparency and consistency in reporting the 

methods underlying TPPs. This makes it difficult both to appraise the validity of 

the specifications reported in the TPPs, and to ascertain whether the 

specifications are expected to be generalisable to other settings. The lack of clear 
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reporting in this regard further makes it challenging for the specifications within 

TPPs to be updated in the future.  

Nevertheless, it is unclear if manufacturers develop tests strictly in line with TPPs, 

or whether there are any factors which make this infeasible or challenging. A 

recent survey indicated that test developers found TPPs for POCTs for sexually 

transmitted diseases generally useful, but they suggested highlighting which test 

performance specifications are perceived as most important within TPPs, as it is 

often considered extremely challenging to achieve every presented desirable 

target (144). 

This review shows that publicly available TPPs for tests to date have primarily 

been developed for global health applications, with the main funding 

organisations being WHO, UNICEF and Bill and Melinda Gates Foundation. The 

sole focus on infectious diseases may be explained by the remit of these global 

organisations. For example, WHO included HIV, neglected tropical diseases, TB 

and malaria as priority diseases (145). Further to this, WHO established the ‘R&D 

Blueprint’, which aims to promote R&D activities (tests, vaccines, medicines) 

during epidemics and pandemics (146). After having identified the pathogen to 

target first, TPPs are usually commissioned to guide the development process of 

new healthcare products which will address the high-priority pathogen (146). 

Similarly, the Bill and Melinda Gates Foundation supports the development of 

healthcare interventions to reduce the burden of the leading causes of mortality 

and morbidity in low- and middle-income countries, with a particular interest on 

malaria, TB and neglected tropical diseases (147).  

The predominance of global health organisations – such as the WHO – in the 

development of (publicly available) TPPs might be explained by the following 

reasons:  

• driver of innovation in countries most in need – one of the strategic 

goals of the WHO is to scale and sustain innovation in countries and areas 

most in need (148). Their role is therefore pivotal in signposting areas of 

greatest unmet clinical need in order to stimulate R&D process of new 

health technologies in countries where there is less financial incentive for 

innovation. A potential application of this could be found in ‘R&D Blueprint’ 

initiative discussed above.  
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• role of standard setter – one of the key roles of the WHO is to improve 

global health via the definition of common norms and standards with which 

health products and interventions should comply (149, 150). Global health 

organisations are intergovernmental organisations which are usually 

considered above individual nation-states’ and private enterprises’ 

interests. They might therefore be regarded as an impartial authority in 

charge of setting priorities in relation to health conditions and defining 

performance benchmarks for new health products.   

• access to extensive resources – developing a well-executed TPP is a 

multi-disciplinary exercise which involves several consultations with key 

health leaders and stakeholders. Global health organisations might have 

greater advocacy and communication resources, as well as an increased 

capacity to contact and retain long-term collaborations with key opinion 

leaders and stakeholders across different settings – especially in the 

context of low- and middle- income countries (149). 

2.4.2 Identified limitations of current TPP methodology 

In reviewing current methodology for developing TPPs for medical tests, key 

areas for improvement were identified. These concerned: (i) a reliance on 

subjective data to inform test requirements; (ii) a lack of explicit consideration of 

clinical utility when defining test characteristics; and (iii) a focus on price rather 

than cost-effectiveness when considering costs. The following sections describe 

each of these limitations in turn and the implications on the development process 

of TPPs for medical tests. 

Subjectivity of Input Sources 

Expert judgment and selected evidence identified in published literature were the 

main sources of information used for defining desirable and acceptable test 

characteristics. Systematic reviews of the literature, where extensive and 

reproducible database searches are carried out and where the quality of relevant 

studies is appraised, were not conducted to identify relevant evidence at the 

scoping and drafting phase in any of the identified TPPs – except one (129). A 

possible reason for not conducting systematic reviews of the literature might lie 

in an expected paucity of evidence in the literature at the onset of TPP 

development, due to the early nature of these documents – although it is difficult 

to verify this claim based on the reported methods. Nevertheless, it is unclear 
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how the TPP developers have identified the relevant literature to inform test 

specifications as search strategies were seldom reported – regardless of the type 

of literature review. This is likely to introduce bias and subjectivity in terms of the 

evidence used to underpin test characteristic recommendations.  

Although expert judgement is undoubtedly useful, relying solely upon this 

information source has limitations, particularly when the aim is to derive 

quantitative estimates. How humans make probability judgements is strongly 

affected by many heuristics and systematic biases (e.g. anchoring, availability, 

overconfidence and hindsight bias12) (151). Specifically, previous literature has 

found a poor understanding of test accuracy among healthcare professionals 

(153) as diagnostic sensitivity and specificity are often misinterpreted and 

mistaken for predictive values (153). It is of interest that, among the included 

TPPs, only Denkinger, C. et al. (100) relied on the findings from a decision-

analytic model, which was used to back-calculate the minimal specifications for 

diagnostic accuracy for a new triage TB tests based on DALYs (87). As discussed 

in Chapter 1, decision-analytic modelling offers a framework of analysis within 

which a full range of relevant evidence (e.g. literature findings, datasets, expert 

opinion), and uncertainty around that evidence, can be synthesised in order to 

provide a simplified specification of the decision problem (61).  

Additionally, the quality of expert elicitation heavily relies on the process of expert 

selection, as it is important to choose experts with good subject knowledge. Only 

4 TPPs described how this selection process took place, and therefore how 

representative the expert judgments were might be questioned. Furthermore, 

many TPPs reported literature as a source for informing TPPs, although fewer 

than half of the TPPs cited the references considered. This lack of transparency 

hinders the quality and credibility of sources on which TPPs are based. If methods 

 
12 Anchoring is a cognitive bias that leads individuals to rely exclusively on the first piece 

of information acquired in relation to a certain topic, or pre-existing information, when 

making a decision (151). 

Availability bias reflects the tendency to rely on an immediate piece of information, rather 

than seeking for the most appropriate source of information, when evaluating a 

decision (151).  

Overconfidence is the tendency of a person to overestimate and inflate their own skills 

and knowledge about a certain topic when making a decision – thereby the person 

would not seek additional evidence (152).  

Hindsight bias reflects the tendency to exaggerate the predictability of a certain event 

only once that event has occurred (151). 
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and sources are not clearly reported, this will make it challenging for the TPP to 

be updated in light of additional evidence.  

Oversight of Clinical Utility 

Only two of the TPPs reported desirable characteristics relating to the clinical 

utility of the test. This is unsurprising given that the majority of research efforts in 

the field of test evaluation focus on generating evidence on analytical and clinical 

performance (e.g. diagnostic accuracy) (27). A highly analytically- or clinically- 

accurate test, however, does not necessarily mean that the test will improve 

patient health, as factors relating to clinical decision-making and effectiveness of 

patient management and treatment strategies must also be considered to make 

that assessment (154). 

In the case of a new test, estimating the clinical utility is particularly complicated 

given the uncertainty around the mechanisms by which the test will impact on 

patient outcomes (29), and common difficulties in obtaining long-term 

observational or RCT data (30, 155). Nevertheless, decision-analytic modelling 

may be of use in this context as a means of estimating the clinical utility of a test. 

With decision-analytic modelling, it possible to link the accuracy of a test with 

evidence of treatment effectiveness to capture the downstream consequences of 

testing on patient health (30, 155). This helps to estimate the efficacy of a test-

treatment strategy in terms of intermediate and final outcomes that are relevant 

for decision-makers (29). Although less than a quarter of the TPPs used 

mathematical models to inform test specifications, none of them were used to 

derive performance benchmarks for new tests in this context.  

Focus on price rather than cost-effectiveness 

Although the minimum and optimal price of the tests featured in many of the 

TPPs, none of these were driven by the trade-off between the overall cost 

implications of implementing the test (e.g. cost of clinical management, treatment 

and long-term clinical events) and the associated patient benefits. The exception 

was one TPP that used the findings from a model-based cost-effectiveness 

analysis to estimate the minimum acceptable test cost (60). A small subset of the 

included TPPs suggested conducting further cost-benefit analyses and ‘health 

economics studies’ to inform the required price for new tests (110, 127). It is 

important to consider the cost of the new test in the context of the complete 
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benefits and harms that the test may provide, as well as the broader costs of 

patient management and downstream clinical events. For example, a new test 

may be relatively expensive but may also improve patient health to an extent that 

justifies this additional cost. Conversely, a new test may be relatively cheap but 

offer no improvements in patient health and therefore even the marginal increase 

in cost is not justified.  

Failure to consider cost-effectiveness implications when setting the price of a 

(existing or new) diagnostic test might hinder the reimbursement and adoption 

process of the test into clinical practice. Decision-makers increasingly demand 

evidence that a new test improves patient health and is cost-effective rather than 

solely evidence of its analytical and clinical validity (21). Specifically, many HTA 

bodies in Europe, Australia and North America consider clinical utility, cost and 

cost-effectiveness in relation to the target population, in addition to analytical 

performance and clinical validity when assessing new molecular diagnostic tests 

(156). In addition, the new European IVDR is set to demand evidence on the 

clinical utility of tests, in order for test producers to obtain a CE mark (27). As 

such, the inclusion of clinical utility and cost-effectiveness considerations in TPPs 

would bring these documents more in line with the wider regulatory and 

reimbursement landscape, and thus increase the utility of TPPs in the R&D 

pipeline.  

Conducting cost-effectiveness analysis at early R&D stages of new tests can help 

manufacturers to avoid significant investments in tests that do not have the 

potential to be cost-effective (29). Whilst economic evaluation is usually 

conducted at the later stages of the evaluation pathway, EEE and cost-

effectiveness analysis are increasingly performed at early development stages 

as a means of directing stop/go decisions and informing the optimal trajectory of 

future research (71, 72). 

2.4.3 Study limitations 

Since this study is a systematic review of publicly available literature, a key 

limitation is that the search strategy will have inevitably missed confidential or 

unpublished TPPs developed in-house by test manufacturers. Although the 

results of the online searches did not identify any companies stating that they had 

developed TPPs for medical tests, it is unlikely that such information would be 

publicly available on company websites due to commercial interests. On the 
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contrary, it is more likely for global health organisations to publish their TPPs as 

a means of steering technological advancements in areas of greatest clinical 

needs.  

Despite TPPs for any medical test being searched, all of the reviewed TPPs 

focused on tests for infectious diseases. It is unclear therefore how applicable the 

findings from this systematic review will be to TPPs conducted for other 

conditions (e.g. non-communicable diseases), settings (e.g. high-income 

countries) or for industry-led TPPs. Nevertheless, it may be argued that TPPs 

conducted by large established bodies, such as WHO and the Bill & Melinda 

Gates Foundation, would be expected to represent current best practice methods 

in this area. Further research, attempting to gather data on the methodology 

adopted by manufacturers developing in-house confidential TPPs, could be 

conducted to test this hypothesis.  

2.4.4 Recent applications of TPPs 

In response to the COVID-19 pandemic, the use of TPPs as a mechanism to 

steer technology R&D development for new diagnostics has begun to be more 

broadly recognised in international and national organisations. This section 

describes the most notable TPPs published since the completion of this review.  

In 2020, the WHO issued several TPPs for healthcare interventions to tackle the 

COVID-19 pandemic (157), including vaccines (158) and diagnostics (159); while 

the Foundation for Innovative New Diagnostics (FIND) has been gathering 

information on the commercially available or in-development diagnostic tests for 

COVID-19. Given the high volume of diagnostic tests for COVID-19 currently 

marketed (over a thousand, as of October 2020) (160), having pre-specified 

performance benchmarks outlined in TPPs is expected to support the 

development and assessment process of new diagnostics for COVID-19 (161).  

In addition, TPPs are increasingly of interest to national policy makers seeking to 

accelerate and de-risk the R&D process of innovative diagnostics. In the UK, the 

Medicines & Healthcare products Regulatory Agency (MHRA) developed a series 

of TPPs for COVID-19 tests, aimed at assisting manufacturers to design and 

deliver tests to support the UK’s testing strategy and inform test validation, 

procurement and regulatory decision-making (162). The performance 

benchmarks and technical specifications listed in the MHRA TPPs lie at the core 
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of the UK National technical validation process for manufacturers of COVID-19 

tests (163). Characteristics of new tests under development are initially reviewed 

and compared against the technical specifications included within the MHRA 

TPPs. This, in turn, informs a go/no go decision as only tests meeting the criteria 

listed in the TPPs start the formal technical validation and in-service evaluation. 

This is the first example of TPPs being used by national policy makers to inform 

and de-risk the validation and procurement process of new tests.  

In addition to the MHRA, NICE in the UK have also recently shown interest in the 

use of TPPs to guide technology development and evaluation. In 2021, an early 

economic model of COVID-19 POCTs was published as part of a NICE-

commissioned project (164), which aimed to assess the costs and benefits of 

having a hypothetical POCT for diagnosing COVID-19 which met the desirable 

performance specifications as presented in the MHRA TPPs (162). As the MHRA 

TPP had already been developed, this model-based early economic model did 

not aim to inform the performance specifications set out in the TPP, but rather to 

identify the biggest drivers of cost-effectiveness changes (165). Despite the 

novelty of this modelling approach, the results of this analysis were evaluated 

under the traditional late-stage economic evaluation perspective, rather than as 

exploratory results aiming to support the development process of new tests.  

Although the COVID-19 pandemic has put a spotlight on the value of TPPs to 

provide clinically meaningful and evidence-based performance specifications for 

new diagnostics, their application has still almost exclusively been limited to 

infectious diseases. There have been recent calls to extend the application of 

TPPs to other disease areas – in particular, in their recent report on early cancer 

detection and diagnosis (ED&D), Cancer Research UK (CRUK) has called for the 

creation of a national body to “map, define and conduct an evidence assessment 

of the ED&D product pipeline in the UK and globally, and to set Target Product 

Profiles (TPPs) (e.g. desired performance characteristics for new tests to work 

towards), with a UK government and NHS commitment to rapidly adopt tests 

which meet these TPPs” (45). Only time will tell if this initiative is undertaken, but 

clearly this is a positive step towards a wider understanding and utilisation of 

TPPs – especially in the context of main funding bodies in high-income countries.  
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2.4.5 Future research 

Although there is evidence of a common underlying development framework for 

TPPs, this review highlights that there is considerable variability in TPP practices. 

In particular: (i) there is a lack of harmony in terminology used to refer to key test 

performance characteristics; (ii) the methods employed to draft TPPs are 

inconsistent and difficult to assess due to lack in transparency in methodology 

reporting; and (iii) there is no clear justification as to why certain test 

characteristics are included. Guidance on best practice methods for developing 

TPPs for medical tests would be highly beneficial, and timely given the recent 

wider interest in adopting TPPs (see section 2.4.4). Akin to the USA FDA 

guidance on TPPs for drugs (outlined in Chapter 1), a guidance document could 

be developed for TPPs for medical tests summarising the purpose, attributes of 

TPPs and which test characteristics should be included.   

Future research should also focus on how to identify unmet clinical needs 

underpinning a certain disease area. Monaghan, P. et al. (18) developed a 

valuable checklist for identifying biomarkers based on literature findings and 

consultations with experts. This checklist could be pertinent for the scoping phase 

underlying TPP development, although this would need further validation in this 

specific context. Based on this checklist, an online survey to identify unmet 

clinical needs is developed and applied to the thesis case study – see Chapter 4 

for details on the survey development and results. 

Most importantly, research is required to understand how to better incorporate 

the assessment of desirable clinical utility and cost-effectiveness of innovative 

tests into TPPs. In particular, investigation to explore if and how care pathway 

analysis and early economic modelling could be integrated into the development 

of TPPs is required. It is expected that care pathway analysis would provide 

clarity on the mechanisms by which a test could impact on downstream patient 

outcomes; whilst early economic modelling could be used to define desirable 

values for certain test characteristics (e.g. test price, diagnostic accuracy) based 

on cost-effectiveness considerations (67). The potential benefits early economic 

modelling and care pathway analysis could bring to TPP methodology 

development, as well as potential implications, are further explored in section 2.5.  
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2.5 Integrating early economic evaluation methodology within 

TPP development 

In this section, the stated hypothesis that EEE could strengthen the 

methodological rigour of the typical TPP development (presented in section 2.3.3) 

is discussed. Based on the methodological limitations underpinning the typical 

TPP development process (discussed in section 2.4.2), key possible advantages 

that EEE methodology could afford across the four core activities of TPP 

development – scoping (see section 2.5.1), drafting and consensus-building 

(section 2.5.2), and updating (section 2.5.3) – are described. The key arguments 

raised in this section are summarised in Figure 2-7. 
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Figure 2-7 Overview of expected benefits that EEE can bring to each TPP development activity, alongside relevant methods 
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2.5.1 Scoping: pathway mapping to define test role, purpose and 

potential Impact  

The scoping phase defines the focus of the TPP in terms of the unmet clinical 

need being addressed, and which test characteristics should be included (1). 

Based on current practice, it is unclear if any formal pathway analysis and/or 

assessment of the test’s placement and impact is typically undertaken at this 

stage (1); this risks overlooking key mechanisms of impact on patient outcomes.  

The first step in economic modelling is to map the care pathway in which the new 

technology will sit. This typically involves reviewing clinical guidelines, and 

consulting clinicians, patients and carers on their individual experiences of the 

care pathway. The result is a clear schematic of the existing clinical pathway, 

detailing the main activities and events which may occur for the patient population 

under consideration. This ensures that the processes involved in standard care 

are clearly understood and also forces test developers to specify the test role (i.e. 

whether the test is a replacement, triage or add-on) and purpose (e.g. screening, 

diagnosis, prognosis, prediction or monitoring) within the specified pathway. This 

is crucial in the context of TPP development, since selecting a different test role 

and/or purpose can result in significantly different test requirements (77). For 

example, in the management of patients with COVID-19, molecular tests can be 

used for screening, triage, diagnosis, monitoring and prognosis of patients across 

a wide variety of clinical settings (e.g. home, doctors surgery, emergency 

department) and applied to populations with differing disease severity and 

prevalence of infection. Where the optimal placement of a new test is unclear, 

additional comparators can be added to the EEE to explore alternative options 

(77).  

Pathway mapping further helps to identify the possible downstream 

consequences (harms and benefits) of a new test, including expected impacts 

on: decision-making (e.g. change in treatment decisions), patient health 

outcomes, clinical workflow (e.g. time-to-treatment) and economic outcomes 

(166). This is vital for TPPs, since the expected harms and benefits associated 

with a test should directly influence which test specifications are included within 

the TPP. For EEEs, this step further helps to identify which test properties should 

be captured and varied within the economic model (e.g. diagnostic accuracy, test 

price, turnaround-time). Although pathway mapping is a core process of 
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economic modelling, it should be noted that this activity can be conducted 

independently of any formal economic evaluation. 

2.5.2 Drafting and agreeing test specifications 

The TPP drafting phase (see section 2.3.3.2) estimates the specifications for new 

tests, whilst consensus-building aims to attain consensus on those requirements 

through stakeholder surveys and consensus-meetings (section 2.3.3.3). 

Typically, test specifications are presented at two levels (desirable and 

acceptable) without explicitly considering the dependencies between different 

test specifications (e.g. the dependence between diagnostic sensitivity and 

specificity), or other factors related to the clinical context (e.g. the required 

sensitivity and specificity will be dependent on disease prevalence) that could 

jointly impact the overall utility of a given testing strategy (1). This apparent failure 

to consider parameter dependencies risks over- or under-estimating test 

requirements.   

The following subsections present how EEE can: (i) allow exploration of 

dependencies between test specifications and features of the clinical context; (ii) 

facilitate optimisation of quantitative test specifications based on a WTP 

threshold; and (iii) increase the objectivity of data informing TPP requirements.   

Exploring dependencies between test specifications and features of the clinical 

context  

Desirable ranges for test specifications may vary when considering different 

factors underlying the care pathway or other test properties. It might therefore be 

helpful to distinguish upfront between:  

• properties inherent to the test - test properties (e.g. diagnostic accuracy, 

test turnaround time) that could have a direct/indirect effect on the utility of the 

test; and 

• factors relating to the clinical context - aspects exogenous to the test that 

could influence how the test impacts upon relevant outcomes (e.g. prevalence 

of disease, natural disease progression, efficacy and cost of treatment). 

With EEE, by synthesising multiple test attributes and factors relating to the 

clinical context within a single modelling framework, the dependencies between 

different parameters can be effectively captured and explored. Univariate and 
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bivariate sensitivity analyses can be used to explore the impact of one or more 

parameter(s) on the clinical utility or cost-effectiveness (75, 82-86). Scenario 

analyses can also be used to explore the impact of a group of parameter changes 

that represent a specific clinical scenario (75).  

Estimating ranges for quantitative test characteristics 

Outside the context of TPPs, EEE has previously been used to identify 

acceptable ranges for test characteristics or components – see Chapter 1. In the 

absence of evidence for a new test, hypothetical values for test properties can be 

assigned and, for each specification or combinations of specifications, the 

downstream costs and benefits can be computed. Based on a specified WTP 

threshold, it is possible to then derive the maximum costs and minimum 

specifications for a new test to be cost-effective (72, 84).   

Based on the published examples of early economic models for diagnostics 

outlined in Chapter 1, key relevant methods which may be useful in this phase 

include: headroom analysis, threshold analysis, and sensitivity analysis (Chapter 

1). 

Objective derivation of test specifications 

The early stages of technology development are characterised by high 

uncertainty, making it challenging for experts to form accurate judgments around 

the desirable specifications a new test should possess.  

EEE methodology facilitates the generation of more objective data, which can be 

combined with subjective evidence (i.e. clinical and stakeholder judgment) to 

inform TPP specifications. EEE results can also support the elicitation of expert 

opinion, with clinical experts being asked to review and discuss the modelling 

findings. Presenting the results of EEE modelling within consensus-meetings 

could further help to narrow down the ranges for performance benchmarks a new 

test is required to meet in order to be clinically and cost-effective.  

Were EEEs to be integrated into TPP development, the methods, model code 

and analysis underpinning the TPP should be clearly reported and made freely 

available, in line with international modelling guidelines (167). This would provide 

a more transparent and objective approach to setting performance benchmarks 

while, in turn, allowing others to inspect what data have informed TPP 

development.   
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2.5.3 Updating TPP specifications  

Although TPPs are dynamic documents which should be updated as new 

evidence is found (49), no formal or standardised approach for updating TPP 

specifications is currently available (1). This activity is vital for TPPs as a means 

of ensuring that test development is driven by accurate, up-to-date information. 

Expected advantages EEE can bring to this core activity are presented below.  

Incorporating new evidence 

EEEs can be designed to be sufficiently flexible to allow for the model to be 

iteratively updated as evidence is accrued (29). This means that different TPPs 

could be developed based on the level of evidence available: early TPPs would 

focus on defining the unmet clinical need and key requirements for a new test to 

address that need; whilst later iterations could identify more precise test 

specifications.  

Abel, L. et al. (75), for example, published their model code to allow others to 

examine and explore additional questions. For TPPs, this approach would help 

to ensure that performance specifications could be validated and updated with 

each iteration of the TPP, thus further increasing the methodological rigor 

underpinning TPPs.  

Highlighting areas for future research 

Findings from sensitivity analyses could be used to communicate areas of 

greatest uncertainty requiring further research. Alongside this, when more 

evidence and information about the test is available (i.e. when parameter 

distributions reflect uncertainties rather than unknowns), VOI analysis may be 

useful to assess the value of gathering more information on model parameters to 

reduce current decision uncertainty (77, 85). To calculate the VOI, it is necessary 

to express the uncertainty surrounding test characteristics (e.g. price, diagnostic 

accuracy) numerically. At early TPP development stages, these test features are 

unknown at the outset and they are derived using the WTP threshold. Any 

assumption made around these key parameters would therefore drive the results 

of the VOI analysis leading to potentially misleading conclusions. 
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2.5.4 Further considerations 

Section 2.5 discussed how key methodological limitations with current TPPs for 

medical tests could be addressed by integrating EEE into the TPP development 

process. Clearly the EEE methods discussed could be independently applied to 

the TPP development based on the level of evidence available and project aim, 

be it care pathway analysis while scoping the unmet clinical need, or decision-

analytic modelling and threshold analysis were TPP developers in the process of 

deriving performance specifications, or sensitivity analysis while updating TPP 

specifications.  

Nevertheless, there are potential limitations and complexities with integrating 

EEE into TPP development that should be considered. For example, conducting 

a wide range of sensitivity analyses with EEE risks overwhelming TPP developers 

with information, making the estimation of clearly defined test performance 

requirements challenging. Such analyses should always be kept within the 

confines of clinical plausibility, and clinical experts should be consulted to support 

the identification of clinically relevant scenarios. Given that uncertainty in the 

technology development process is unavoidable, particularly in the early stages 

of R&D, it is suggested that the value in such analyses lies in explicitly 

communicating those key areas of uncertainty, identifying trade-offs between test 

characteristics, and highlighting priorities for future research.  

Economic evaluation also requires the adoption of a particular jurisdiction (e.g. 

UK NHS), which dictates what country-specific clinical pathways and costs are 

included in the model, and what pre-specified decision criterion is used to inform 

the analysis (e.g. the NICE WTP threshold per QALY). In case a particular 

decision criterion is not based on cost-effectiveness, the EEE methods discussed 

in section 2.3.3.2 may still be useful to explore scenarios around clinical utility or 

cost alone. The applicability of modelling findings to other jurisdictions is therefore 

often limited, and multiple model versions may be required to derive test 

specifications across different jurisdictions. This is true of any formal evaluation 

of downstream clinical or cost outcomes however (where country-specific clinical 

pathways and costs will come in to play), and is not specific to EEE.  
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Whilst EEE is expected to strengthen the methodological rigour of TPP 

development, it is recommended to regard this approach as an adjunct rather 

than a replacement for existing TPP development methodology. Expert input and 

consensus-building discussions with relevant stakeholders will be key to ensuring 

that EEEs capture the nuances of the clinical context, and that the results are 

clinically meaningful. Ultimately this will ensure the efficient development of tests 

which provide greater utility for both patients and healthcare services.  

2.6 Chapter summary 

• Based on 44 TPPs for medical tests, this review identified a common TPP 

development framework comprising of three decision-making phases: (i) 

scoping; (ii) drafting and (iii) consensus-building (summarised in Figure 2-

2).  

• Within this framework, key limitations were identified: (i) a heavy reliance 

on expert opinion to inform test specifications; (ii) poor transparency in 

methodological reporting; (iii) a lack of explicit consideration of clinical 

utility; and (iv) an oversight of cost-effectiveness considerations.  

• Based on these limitations, the potential benefits of integrating EEE 

methodology into the development process for TPPs were discussed 

(summarised in Figure 2-7). Using EEE methods to inform TPPs is 

expected to provide a more objective, evidence-based and transparent 

approach to defining test specifications, while also capturing the key 

aspects underpinning the care pathway within which a new test will sit.  

The remainder of this thesis is focused in applying the EEE methodology to a 

case study of a rapid diagnostic tests for CDI (Chapter 5 and Chapter 6). The 

clinical context of the case study is first provided in Chapter 3. Chapter 4 then 

presents the findings of an online survey of UK healthcare professionals which 

aimed to scope unmet clinical needs for new CDI diagnostics. 
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Chapter 3  

Case study clinical background 

3.1 Chapter outline 

In Chapter 2, a systematic review of TPPs for medical tests was conducted and 

several methodological limitations were identified. As discussed, some of these 

limitations could be addressed by integrating EEE into the TPP development 

process. The suggested EEE methods discussed in Chapter 2 are applied to a 

case study on new rapid diagnostic tests for CDI in Chapter 5 and Chapter 6.  

CDI was selected as a case study for this thesis for the following reasons: (i) the 

development of a TPP for new diagnostic tests for CDI is part of a MRC-funded 

programme grant (as stated in section 1.6.1); (ii) there is currently a paucity of 

evidence on the perceived unmet clinical needs hindering the diagnosis of CDI, 

thereby there was potential utility in eliciting views from relevant stakeholders via 

an online survey; and (iii) selection of this case study offered a unique opportunity 

to explore and measure the impact of a new rapid and more accurate diagnostic 

test for CDI on key resources used in the clinical care pathway (e.g. single rooms 

where to isolate patients confirmed with CDI in order to minimise the infection 

spread) via the development of a resource-constrained DES model (further 

described in Chapter 5).  

This chapter provides the clinical background to the thesis case study. The 

clinical context is first presented (section 3.2), followed by an outline of the 

laboratory diagnosis of CDI (section 3.3). An overview of diagnostic strategies for 

CDI is then presented (section 3.4), focusing on diagnostic tests detecting a 

single target (i.e. standalone tests) (section 3.4.1), and combinations of 

diagnostic tests (i.e. testing algorithms) (section 3.4.2). The clinical pathway for 

those suspected and confirmed with CDI based on the UK clinical guidelines is 

then described (section 3.5).  

A glossary of key terms used in this chapter is provided in Appendix E.  
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3.2 Clinical context 

Clostridioides difficile (C. difficile) – formerly called Clostridium – is an anaerobic, 

gram-positive, spore-forming, toxin-producing pathogen which causes CDI. The 

following sections describe the biology (see section 3.2.1), typical symptoms 

(section 3.2.2), disease spread and infection-control measures (section 3.2.3) 

and healthcare costs associated with CDI (section 3.2.4).  

3.2.1 Biology  

CDI is one of the leading causes of healthcare-associated infections, resulting in 

approximately 120,000 cases and 3,700 deaths across Europe every year (168). 

In England, 13,286 hospital-associated cases (24 cases per 100,000 individuals) 

were reported in the 2017/2018 financial year (169).  

Prior antibiotic treatment is one of the main risk factors for CDI, followed by use 

of gastric acid suppressants, older age (>65 years) and prolonged hospitalisation 

(170, 171). Exposure to antibiotics increases the risk of CDI by disrupting the 

normal bowel flora and allowing for the opportunistic proliferation of the pathogen 

(172). Upon administration of antibiotic treatment, some bacteria – including 

C. difficile – have increasingly become resistant to certain antibiotics, causing 

suboptimal clinical outcomes for patients and treatment failures (173).  

3.2.2 Symptoms 

Typical symptoms of CDI can range from mild diarrhoea to colitis, and toxic 

megacolon, which may result in death (174-176). Most strains of C. difficile  

produce two toxins, toxin A (TcdA) and toxin B (TcdB), which are considered the 

leading cause of CDI symptoms (177). Table 3-1 outlines the common symptoms 

of CDI, sorted by disease severity.  
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Table 3-1 CDI symptoms sorted by disease severity based on UK clinical 

guidelines for CDI (178) 

Severity of disease Symptoms 

Mild − Normal white blood cell count (WCC) 

− Stool frequency < 3 per day; and 

− Stool consistency equal to type 5-7 on Bristol 
Stool Scalea 

Moderate − WCC higher than normal values but below 15 x 
109 per litre; and 

− Stool frequency equal to 3 to 5 per day 

Severe − WCC higher than 15 x 109 per litre; or 

− An acute rising serum creatinine (i.e.>50% 
increase above baseline); or 

− Fever (i.e. >38.5°C); or 

− Evidence of severe colitis 

Life-threatening − Hypotension; or 

− Partial or complete ileus; or 

− Toxic megacolon; or 

− Radiological evidence of severe disease 

a Bristol Stool Chart is a medical tool aid used to visually classify faeces into 

seven groups depending on stool consistency, ranging from constipation (type 

1) to diarrhoea (type 7) (179).  

After receiving antibiotic treatment for CDI – be it either metronidazole, 

vancomycin or fidaxomicin depending on disease severity and local cost-

effectiveness considerations (180) – symptoms of diarrhoea typically resolve 

within one or two weeks (181). A proportion of individuals confirmed with CDI 

(20% to 30%), however, might experience disease recurrence after receiving 

initial antibiotic treatment for CDI (182-184).  

3.2.3 Infection spread and infection control measures 

The pathogenesis of CDI starts with the ingestion of C. difficile vegetative 

organism or spores (185). Patients infected with CDI shed spores in stools which, 

in turn, leads to the contamination of their skin, clothing, bed linen and other 

common environmental surfaces (e.g. toilet, basin, tables) (186). This increases 

the risk of in-hospital transmission of the C. difficile pathogen between patients, 

healthcare workers and visitors.  

Many infection-control measures are therefore in place to curb the spread of CDI 

within hospitals – including antimicrobial stewardship, single room isolation of 

symptomatic patients, hand-washing policies and environmental disinfection 

(187, 188). Diagnostic tests for CDI are also part of multifaceted strategies aiming 
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to control the spread within hospitals (187). In the UK, inpatients suspected with 

CDI are typically isolated in single rooms while awaiting test results to prevent in-

hospital transmission, until confirmation has been received that they have non-

infectious diarrhoea (181).  

3.2.4 Healthcare costs  

In addition to a prolonged hospital length of stay (LOS) (189-191), high morbidity 

and mortality (192), CDI is associated with increased healthcare costs and 

resource use (193, 194). In the UK for example, two observational studies 

estimated an average healthcare cost of £6,294 to £12,710 over a LOS of 15 to 

17 days (194, 195). After hospital bed and drug costs, total laboratory costs 

represent a key cost driver, ranging between £296 (95% CI: £223-£369) (194), 

and £304 (IQR £142-£404) (195) per diagnosis for a cohort of 45 and 64 patients, 

respectively.  

3.3 Laboratory diagnosis of CDI 

The initial diagnosis of CDI is challenging due to: (1) uncertainty regarding who 

to test for CDI; (2) the number of different targets used for detection of CDI; and 

(3) the lack of agreement regarding the diagnostic reference test. The following 

sections describe each of these issues separately.  

3.3.1 Uncertainties regarding who to suspect of CDI 

Only individuals presenting with loose (diarrheal) stools should be tested for the 

presence of CDI (196). The presence of diarrhoea, however, is common among 

hospitalised patients (12-32%) (197), which can be due to: (i) other health 

conditions – both infectious or non-infectious causes (198); or (ii) medical 

treatments. This means that having diarrhoea is not sufficient to suspect with 

confidence that a patient is infected with CDI.  

Distinguishing between antibiotic-related diarrhoea (not infectious) and 

C. difficile-mediated diarrhoea is challenging as there may be no difference in 

clinical symptoms between these two conditions (199). Among the infectious 

causes of hospital-associated diarrhoea, C. difficile is the most common 

organism, followed by other pathogens such as Salmonella, Campylobacter, 

Shigella and Escherichia coli (198). There are also many different non-infectious 

causes of diarrhoea, including certain treatments (e.g. laxatives, oncologic 
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therapy, radiotherapy, antibiotics), or underlying conditions (e.g. inflammatory 

bowel disease, irritable bowel syndrome, gastrointestinal [GI] neoplasia, celiac 

disease, anxiety) (198).   

3.3.2 Multiple targets to detect 

Another source of complexity underlying the diagnosis of CDI lies in the extensive 

range of targets for CDI (200) (e.g. C. difficile toxins in stools, C. difficile 

organism, and toxigenic strains of C. difficile), or a combination of these targets. 

How each target correlates with the clinical diseases of CDI differs; and detecting 

one analyte is not necessarily sufficient to confirm the diagnosis of CDI in a 

patient with diarrhoea. 

For example, detecting the C. difficile organism in stools does not confirm CDI, 

since the C. difficile strains could be either: (i) non-toxigenic which are not 

regarded as pathogenic; or (i) toxigenic (i.e. having the ability to produce toxins 

due to the presence of a toxin-encoding gene or active toxins) (201). This 

distinction is particularly relevant given that high levels of asymptomatic 

colonisation have been reported among healthy individuals (3%-7%) (202, 203), 

patients upon hospital admission (4%-15%) (202, 204) and elderly patients in 

care homes (50%) (205, 206). Further testing is therefore required to assess 

whether the C. difficile strains carry the toxin genes and/or are producing toxins.  

Detecting solely the presence of toxigenic strains in stools without checking for 

active toxin production is also not sufficient to confirm the presence of CDI (206, 

207). The expression of C. difficile toxins is considered the main driver of 

symptoms related to CDI, especially toxin B (208) – thereby leading to the 

conclusion that CDI is a toxin-mediated disease and that detection of toxins in 

stools is a pre-requisite for diagnosing CDI (209-211). It is therefore crucial to test 

for active toxin production in the context of a toxigenic strain to ultimately confirm 

the diagnosis of CDI. However, there is an ongoing debate surrounding the 

clinical significance of detecting a toxigenic strain in stool without any free 

detectable toxins (198).  

How the various CDI tests available may be used to inform the diagnosis of CDI 

is discussed further in section 3.4.  
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3.3.3 Lack of agreement on the reference testing standard 

Two testing options are considered diagnostic reference standards for the 

diagnosis of CDI, namely the cell cytotoxicity neutralisation assay (CCNA) and 

toxigenic culture (TC) (200). There is an ongoing debate, however, around which 

reference standard to use when evaluating new and existing testing options for 

CDI (212, 213). The choice of the reference test to use is dependent on the target 

of interest (213, 214). Where the aim is to detect free toxins in the sample, CCNA 

appears to be the appropriate standard method whereas, if the aim is to detect a 

toxigenic strain, TC seems to be a more suitable reference method (213). 

Some studies have reported a higher diagnostic sensitivity of TC compared to 

CCNA (208, 215), concluding that TC detects a third more cases compared to 

CCNA (216, 217). However, positive results with CCNA have been reported to 

correlate better with clinical outcome and mortality than TC (218), meaning it may 

be a better diagnostic tool for CDI than TC. As these tests detect different targets 

and there are no standardised procedures for running these tests, it is difficult to 

compare these diagnostic reference standards head-to-head, especially across 

different laboratories (213). 

The lack of agreement on the optimal diagnostic reference standard hinders the 

development and assessment of new diagnostic tests (219), since evaluating 

tests detecting different targets will not facilitate the estimation of the true 

accuracy of a test. This issue is also likely to impact upon the current 

understanding of the epidemiology of CDI (206). Differences in incidence and 

prevalence rates across countries might, in part, reflect differences in diagnostic 

practices rather than the true frequency of C. difficile infected patients (206).  

3.4 Diagnostic strategies for CDI 

There are two main groups of diagnostic strategies for CDI, including: (1) 

standalone tests – diagnostic tests detecting a single target (see section 3.4.1); 

and (2) testing algorithms – a combination of two or more standalone tests 

(section 3.4.2). 

3.4.1 Standalone tests for CDI 

Different testing methods, detecting different targets, are available for diagnosing 

CDI (see Figure 3-1 for more details). These tests can be grouped depending on 

the target being detected, including:  
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• toxins in stools – CCNA and enzyme immunoassays (EIA) testing kits 

for toxin A and B detect free toxins in stools which are produced by the 

organism but not bound to it. While CCNA has high diagnostic specificity 

(200, 220), the long turnaround time (24 to 72 hours), and high labour 

intensity of this test hinder its widespread adoption as a routine testing 

option. Although EIA testing kits for toxin A/B is a popular testing option 

for CDI (221), European and UK clinical guidelines recommend against 

their use as standalone tests as their diagnostic accuracy is considered 

suboptimal (222, 223). 

• C. difficile organism – EIA testing kits for glutamate dehydrogenase 

(GDH)13 and culture confirm the presence of the pathogen in stools. While 

EIAs detecting GDH are recommended as initial screening tests due to 

their high negative predictive value (200, 224-227), these tests suffer low 

diagnostic specificity for CDI (where active production of toxin is required) 

(227-229), as well as low positive predictive value (222, 230, 231). In the 

context of a positive result for GDH, it is therefore necessary to assess if 

there is also active toxin production in stools, whereas a negative GDH 

result can ruled out the diagnosis of CDI with confidence. 

• toxigenic C. difficile strain – TC and NAAT detect the presence of a 

toxigenic strain of C. difficile. TC assesses the ability of C. difficile strains 

to be toxigenic in vitro, which may not have actually occurred in vivo. TC 

therefore does not differentiate between asymptomatic colonisation and 

active infection (208, 226, 232). While NAATs are commonly adopted as 

a testing option for CDI, they detect the presence of toxin-encoding genes 

which may not automatically translate into an actual production of toxins 

(i.e. low diagnostic specificity).  

Standalone tests for detecting CDI present different advantages and limitations 

(see Figure 3-1 for further detail), with none of the current standalone tests being 

able to accurately and/or quickly identify patients with CDI (222). To overcome 

the limitations associated with the available standalone tests for CDI, different 

 
13 GDH is a metabolic enzyme through which the C. difficile pathogen manages oxidative 

stress arising from the immune response (216, 224). 
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testing algorithms have been designed to provide a more rapid and accurate 

diagnosis (222, 223) (described in section 3.4.2). 
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Figure 3-1 Advantages and disadvantages of the standalone diagnostic tests for CDI, and underlying interpretation of test results 
sorted by target being detected. Standalone tests detecting toxins and C. difficile organism in stools are highlighted in orange 
(left two columns) and green (middle two columns), respectively. Standalone tests detecting toxigenic strains are highlighted in 
blue (right two columns). Figure adapted from Gateau, C. et al. (200). 
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3.4.2 Testing algorithms for CDI 

Following the limitations associated with each standalone test for CDI, combining 

two or more standalone tests within a testing algorithm is currently regarded as 

the best strategy for diagnosing CDI (222, 223). The overarching goal of testing 

algorithms is to achieve a higher sensitivity compared to EIAs for toxins A/B, 

whilst getting a quicker diagnosis with a cheaper test than NAAT and reducing 

TC workload (233). 

Several factors inform the choice of testing algorithm – such as available testing 

equipment, possibility for batch testing, laboratory’s expertise and financial 

constraints (213). The aim of the first test run as part of an algorithm is to rule out 

uninfected patients who can be managed as CDI negative cases (206). Testing 

options with high diagnostic sensitivity are therefore preferred as an initial 

screening test (213, 222, 223) – be it either EIA for GDH or NAAT (200, 206, 220, 

228, 234). The choice of which screening option to use depends on the financial 

constraints of a laboratory, and the volume of stool samples run per day (200, 

206, 220, 228, 234). The aim of the second step of a testing algorithm is to rule 

out the presence of toxins in stools, and thereby a second test with high specificity 

should be adopted – such as EIA for toxins A/B or CCNA (222). 

There are some variations in how testing algorithms are run (see Figure 3-2), 

including: 

• Order of testing options – two or more testing options could be run 

either: (i) one after the other (i.e. sequential testing algorithms); or (ii) at 

the same time (i.e. simultaneous testing algorithms).  

• Need for confirmatory testing – if the first and second test yield 

discordant results, a third confirmatory test may be run to rule in or rule out 

the diagnosis of CDI with confidence – such as NAAT or CCNA (200).  
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A key advantage of testing algorithms lies in a reduced percentage of false-

positive (FP) cases as a result of improved diagnostic accuracy (213). Testing 

algorithms also appear to be the most cost-effective diagnostic strategy for CDI 

for the following reasons (216):  

• improved test-treatment pathway – they help to reduce inappropriate 

antibiotic treatment for CDI, as well as the related downstream 

consequences on patients’ health (235);  

• optimisation of the testing workflow – depending on the testing 

algorithm, running a highly sensitive and cheap GDH screening test rules 

out negative patients with results being quickly communicated to the 

clinical team (236), while only positive samples are then tested with a 

second test;  

• discourage repeat testing for CDI – the lack of confidence in test results 

may lead clinicians to repeat testing (222). Testing algorithms thus help to 

minimise the re-submission of multiple stool samples thereby leading to 

lower testing costs (206).  
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Figure 3-2 Schematic of the available testing algorithms for diagnosing CDI 
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3.5 Clinical pathway for patients suspected and confirmed with 

CDI  

This section outlines the typical clinical pathway for patients suspected and 

confirmed with CDI based on the UK Department of Health and Social Care (DH) 

and Public Health England (PHE) clinical guidelines (see Figure 3-4).  

A core recommendation in the clinical management of patients suspected with 

infectious diarrhoea is for clinicians (e.g. consultants, nurses) to follow the 

mnemonic protocol Suspect Isolate Gloves Hand washing Test (SIGHT) (178) – 

as presented in Figure 3-3.  

The following subsections describe the main clinical recommendations in regards 

to: (i) suspicion of CDI (see section 3.5.1); (ii) testing protocol for CDI (section 

3.5.2); (iii) confirmation of CDI diagnosis (section 3.5.3); (iv) antibiotic treatment 

options for CDI (section 3.5.4); and (v) infection-control measures (section 3.5.5).  

 

Figure 3-3 SIGHT protocol according to UK DH clinical guidelines (178) 
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Figure 3-4 Simplified schematic of the clinical care pathway for patients suspected and confirmed with CDI based on the UK DH 
and PHE clinical guidelines  
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3.5.1 Suspicion of CDI 

The UK DH adopts the Bristol Stool Chart to define a patient having diarrhoea 

(Bristol Stool Chart types 5-7) (223).  

DH guidelines recommend that all diarrhoeal samples that are not attributable to 

other conditions (e.g. inflammatory colitis, overflow) or therapies (e.g. laxatives, 

enteral feeding) should be collected and tested for CDI as quickly as possible 

(223). Specifically, diarrhoeal samples from the following patient populations 

should be tested for CDI (223), including:  

• hospital patients aged ≥ 2 years;  

• all community patients aged ≥ 65 years; and  

• community patients aged < 65 years whenever it is considered clinically 

relevant.  

If a patient suspected with CDI presents severe symptoms (see Table 3-1), 

clinicians should pre-emptively start antibiotic treatment before test results for 

CDI are back (henceforth referred as empirical treatment) (223). Where infectious 

diarrhoea is suspected, patients should be isolated, ideally in a single room with 

a self-contained toilet and a basin, to minimise the risk of in-ward transmission of 

C. difficile or other infectious pathogens (223). 

3.5.2 Testing protocol for CDI  

DH guidelines explicitly discourage the use of EIA testing kits for toxins A/B as 

standalone tests for the diagnosis of CDI. The use of a two-step testing algorithm 

for diagnosing CDI is recommended instead (222), screening first with GDH EIA 

(or NAAT), followed by a sensitive EIA testing kit for toxin A/B (or, alternatively, 

CCNA), in the context of a positive first test result. If a sample tests negative for 

GDH or toxigenic strains, there is no need for further testing for toxins production 

in stools. If test results are discordant results (e.g. GDH positive and toxin 

negative), it is acceptable to test samples with an additional confirmatory test 

(e.g. NAAT).  

In addition, it is not recommended to conduct repeat testing after a positive 

sample for the following 28 days due to continued shedding of the organism even 

after primary antibiotic regimen – except where symptoms disappear then 

reappear, and clinicians need to confirm the presence of recurrent CDI (178). Re-

submission of samples which have already tested negative is also discouraged 
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as these samples can be accurately classified as non-CDI – except in the context 

of a strong ongoing clinical suspicion for CDI (178).  

3.5.3 Receipt of test result 

Since laboratory testing alone cannot accurately differentiate between 

asymptomatic colonisation from active infection (237), DH guidelines state that 

diagnosis of CDI is ultimately a clinical decision which should be based on a 

combined assessment of clinical symptoms and laboratory test results (223). 

Given that no standalone test or testing algorithm is regarded as perfectly 

accurate, antibiotic treatment decisions are ultimately clinical decisions which 

should not be guided solely by laboratory results. For example, if test results are 

negative, it might still be appropriate to administer treatment for CDI in cases of 

high clinical suspicion.  

Table 3-2 gives an overview of the possible diagnoses and interpretation of test 

results based on both EIA GDH (or NAAT) and EIA toxins A/B results, according 

to the DH guidelines (223). Upon confirmation of non-infectious diarrhoea, 

patients should be released from single room isolation and clinicians should 

consider other causes of infectious diarrhoea. If a patient’s test results confirm 

CDI, all non-C. difficile specific antibiotic treatments should be stopped to allow 

the normal intestinal flora to recover. In addition, antibiotic treatment for CDI 

should start upon confirmation of CDI (178) (see section 3.5.4 for more details) – 

unless clinicians had already provided empirical treatment in the context of 

severe symptoms of CDI.  
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Table 3-2 Interpretation and action taken based on test results, according to DH guidelines (223) 

 Combined result Interpretation  Action taken 

GDH (or NAAT) -ve/ 
toxin A/B -ve 

• No C. difficile strain 
detected (GDH-ve); or 
no toxigenic strain 
detected (NAAT-ve) 

• No free toxins detected 

CDI is unlikely 
to be present 

• Consider other causes of infectious diarrhoea 

• End single room isolation 

GDH (or NAAT) 
+ve/toxin A/B +ve 

• C. difficile strain 
detected (GDH+ve); or 
toxigenic strain 
detected (NAAT+ve) 

• Free toxins detected 
(toxin A and B +ve) 

CDI is likely to 
be present 

• Continue (or start) single room isolation 

• Continue (or start) antibiotic treatment regimen for 
CDI 

GDH (or NAAT) -ve/ 
toxin A/ B +ve 

• No C. difficile strain 
detected (GDH -ve); or 
no toxigenic strain 
detected (NAAT-ve) 

• Free toxins detected 
(toxin A/B +ve) 

Rare, patients 
need to be re-
tested 

• Retest for CDI  

GDH (or NAAT) +ve/ 
toxin A/ B –ve (at least 
one) 

• C. difficile strain 
detected (GDH+ve); or 
toxigenic strain 
detected(NAAT+ve) 

• No free toxins detected 
(toxin A/B -ve) 

Discordant 
results – need 
to assess for 
the presence 
of toxigenic 
strain 

Sample needs to be tested with NAAT or TC:  

• positive test result – clinical evaluation is 
required to distinguish between active infection or 
asymptomatic carrier of C. difficile strain.  

• negative result – CDI is unlikely to be present. 
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3.5.4 Antibiotic treatment for CDI  

Upon confirmation of CDI, antibiotic treatment for CDI should be provided (or 

continued) based on a combined assessment of: (i) symptoms; (ii) disease 

severity; and (iii) individual risk factors. Different antibiotic treatment strategies 

for patients with an initial episode of CDI are available depending on patients’ 

disease severity (181).  

DH guidelines emphasise the need to check patient’s symptoms daily. If patients 

remain symptomatic (i.e. with diarrhoea), clinicians should wait until day 7 from 

the start of treatment regimen before considering this a case of treatment failure 

(181). For patients with severe CDI and worsening symptoms, DH guidelines 

recommend a gastroenterology consultation (181).  

Where a patient has recurrent CDI (defined as at least 3 consecutive type 5-7 

stool within 30 days from previous CDI and a positive C. difficile toxin test result) 

(181), non-C. difficile specific antibiotics should be discontinued to allow the 

normal intestinal flora to recover. In addition, antibiotic treatment for recurrent CDI 

should be administered taking into consideration symptoms, disease severity, 

and individual risk factors (223). In the context of multiple recurrences for CDI, 

clinicians should review all antibiotics and other drug therapies being provided, 

as well as considering the need to provide additional antibiotic treatment for CDI 

(181).  

3.5.5 Infection-control measures 

Healthcare staff in contact with patients confirmed and suspected with CDI should 

always use disposable gloves and aprons, while also following hand-washing 

policy before and after each patient contact, as per the SIGHT protocol (178).  

Ideally, all patients suspected with CDI should be moved into single room 

isolation as soon as possible. Where there is a shortage of available single 

rooms, patients confirmed with CDI could be grouped together into a cohort bay 

– an area within an hospital ward where patients confirmed with infectious 

diarrhoea are separated from other patients using a solid partition and door (178). 

Alternatively, patients with CDI should be moved into a dedicated C. difficile 

isolation ward with a minimised risk of infection transmission.  

If a patient was not initially isolated into a single room upon suspicion, they should 

immediately be moved into a single room isolation upon receipt of a positive 
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diagnosis of CDI. This helps to minimise the risk of wide-spread transmission of 

C. difficile pathogen within the hospital ward (178). Patients with confirmed CDI 

should be released from single room isolation after 48 hours from resolution of 

diarrhoea (type 1-4 Bristol Stool Chart) (178).  

3.6 Chapter summary 

• This chapter described the clinical context underpinning the thesis case 

study: new rapid diagnostic tests for CDI.  

• Key challenges in the diagnosis were highlighted, including: (i) uncertainty 

regarding who to suspect and test for CDI; (ii) the number of analytes 

associated with CDI (e.g. C. difficile pathogen, toxins, toxigenic strains); 

and (iii) a lack of agreement regarding the diagnostic reference test – be it 

either CCNA or TC. 

• The recommended approach to CDI diagnosis in the UK is to run a two-

stage testing algorithm for reporting cases of CDI to overcome the 

shortcomings of each standalone test.  

• Upon suspicion of CDI, healthcare staff should put in place infection 

control measures ranging from hand-washing policy to single room 

isolation. Antibiotic treatment is provided to patients confirmed with CDI 

based on a combined assessment of symptoms, disease severity and 

individual risk factors.  

Based on the limitations of current diagnostic tests for CDI, it is crucial that the 

R&D efforts should be appropriately focused on key areas of unmet clinical need. 

Chapter 4 outlines the development and results of an online survey of UK 

healthcare professionals which aimed to identify areas of unmet clinical need for 

new CDI diagnostics.  
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Chapter 4  

Survey to identify clinical needs for new diagnostic tests for 

Clostrioidies difficile infection 

4.1 Chapter outline 

In Chapter 2, the current methodology for developing TPPs for medical tests was 

presented. Core to the TPP development process is scoping the clinical problem 

to address, while also mapping the care pathway where new and existing tests 

might sit. To guide the development of a future TPP for new diagnostic tests for 

CDI, an online survey of UK healthcare professionals was conducted to identify 

unmet clinical needs for new diagnostic tests for CDI. This chapter describes the 

development and dissemination of the online survey, followed by an overview 

and discussion of the survey results.  

This chapter is structured as follows. The aim and objectives of the survey are 

presented in section 4.2. The structure and development of the survey are 

outlined in sections 4.3.1 and 4.3.2, followed by a description of the recruitment 

process (see section 4.3.3), data analysis (section 4.3.4), and ethical approval 

(section 4.3.5). Results from the survey are presented (section 4.4), and then 

discussed (section 4.5).  

4.2 Aim and objectives 

An online survey of UK healthcare professionals was conducted to assess if there 

is an unmet clinical need for new diagnostic tests for CDI in the UK, to inform 

future R&D activities in this area. The following objectives were addressed: 

1. To assess the areas of current unmet clinical need; 

2. To map the clinical care pathway for CDI diagnostics; and 

3. To identify key characteristics that new tests for CDI should ideally 

possess (e.g. type of sample, ideal positioning into the clinical pathway, 

acceptable cost of a test). 
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4.3 Methods 

An anonymised online survey was developed in accordance to best practice 

methods from the Checklist for Reporting Results of Internet E-Surveys 

(CHERRIES) (238). The sections below outline the structure (see section 4.3.1), 

validation process (section 4.3.2), dissemination (section 4.3.3), and analysis of 

the online survey (section 4.3.4). Details on the ethical approval sought for this 

research are provided in section 4.3.5.  

4.3.1 Structure 

An online survey comprising of four sections was developed in Online Surveys 

(formerly Bristol Online Survey), including: (1) description of clinical and 

laboratory practice; (2) problems with diagnosing CDI; (3) room for improvement 

in current diagnostic tests; and (4) a description of an ideal diagnostic test. Figure 

4-1 shows a simplified schematic of the survey structure. 

The survey was adapted from the EFLM TE-WG checklist to identify unmet 

clinical needs for new biomarkers (18). Checklist questions were customised to 

the disease area of interest where necessary. This checklist presents several 

disease-agnostic questions which, during the pre-testing session of the survey, 

were considered difficult to answer by potential respondents without any 

contextual questions on the disease of interest. The order of survey questions 

was then tailored to respondents’ field of expertise (see Table 4-1 for 

respondents’ subgroups), care setting and knowledge of the disease area using 

conditional branching (or skip logic). This feature of online surveys allows 

changes to which question(s) a respondent answers next based on their 

response to a current or previous opening question (239). For example, 

respondents who stated that they did not think there were any problems with 

current diagnostic tests for CDI available in their clinical setting would not be 

asked to list specific limitations with diagnostic tests. A copy of the survey is 

available in Appendix F. 

The following paragraphs describe each of the survey sections. It should be noted 

that sections 2, 3 and 4 are common to each of the respondent subgroups. 
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4.3.1.1 Section 1 – Description of Clinical or Laboratory Practice 

This section aimed to map the clinical care pathway and testing workflow in place 

at the care setting where respondents worked. Respondents were asked to map 

the care pathway via a set of questions tailored to their field of expertise. 

Respondents were clustered into three subgroups based on their job title and 

care setting of interest – ward-based clinicians, laboratory-based clinicians and 

general practitioners (GPs). Clinicians working at the point-of-care and 

requesting stool testing upon suspicion of CDI were defined as ‘ward-based 

clinicians’; clinicians working in the laboratory and having a greater 

understanding of diagnostic procedures were labelled as ‘laboratory-based 

clinicians’. A separate subgroup was created for GPs as they worked in a different 

clinical setting from the other subgroups and might not be familiar with diagnostic 

tests being requested for CDI – as per expert opinion. Table 4-1 shows the three 

subgroups of respondents.  

Table 4-1 Respondents’ subgroups based on job title and care setting 

where they work 

Ward-based clinicians Laboratory-based 

clinicians 

General Practitioners 

Consultant Medical Microbiologist Hospital-based GPs 

Trainee/Staff Doctor Biomedical Scientist 

Community-based GPs 

Infectious Disease 

Doctor 

Healthcare Scientist 

Nurse 
Clinical Scientist 

Infection Control Nurse 

 

This survey section was divided into two subcomponents: (1) description of 

clinical practice; and (2) description of diagnostic pathways. Each of these 

components is described below, separately.  

Description of clinical practice  

Ward-based clinicians and GPs were asked to describe: (i) which symptoms 

would lead them to suspect CDI; (ii) the age group in which they would most 

encounter individuals suspected with CDI; and (iii) the implementation and de-
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escalation of any infection-control measures in place for patients suspected and 

confirmed with CDI.  

Description of diagnostic pathways  

Ward- and laboratory-based clinicians were asked to describe which diagnostic 

tests were available in their clinical setting, either standalone tests or testing 

algorithm. Laboratory-based clinicians were invited to explain why a certain 

testing algorithm was adopted, whereas ward-based clinicians were requested to 

rate their confidence in test results for CDI.  

4.3.1.2 Section 2 – Problems with Diagnosing CDI 

Each respondent was asked if there were any problems affecting the diagnosis 

of CDI and then, specifically, if there were any issues with CDI diagnostics 

available in their clinical setting and what problems these limitations might cause.  

4.3.1.3 Section 3 – Room for Improvement in Current Diagnostic Tests? 

This section aimed to assess if respondents believed there was scope for 

improvement in current diagnostic tests for CDI. If respondents answered ‘yes’, 

they progressed to Section 4 or, if they answered ‘no’, they were asked to explain 

their previous answer and then ended the survey. As some respondents might 

regard current diagnostic tests for CDI as satisfactory, it was important to 

understand the rationale underlying their viewpoint.  

4.3.1.4 Section 4 – Description of Ideal Diagnostic Test 

This section was designed to gauge respondents’ views on the ideal 

characteristics for a new diagnostic test for CDI, including: (i) type of sample; (ii) 

technique for obtaining the sample; (iii) method for transporting the sample; (iv) 

turnaround time of testing; (v) positioning of the new test into the existing care 

pathway; and (vi) test cost. It was decided against seeking respondents’ views 

on the ideal diagnostic accuracy for tests, due to an expected variable 

understanding of test accuracy among healthcare professionals (153). 
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Figure 4-1 Schematic of the online survey structure. Sections in red are 
common to all respondent subgroups (e.g. ward-based clinicians, 
laboratory-based clinicians and GPs). Sections with asterisk (*) indicate 
conditional branching questions. 
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4.3.2 Validation 

The survey was validated through an iterative pre-testing and piloting process 

(240-242), including: 

1. informal pre-testing – potential respondents were asked to indicate on a 

feedback form whether each question was sufficiently understandable, 

without filling in the survey (n=7). The survey wording was edited after 

each round of pre-testing. 

2. expert-driven pre-testing – consultations were then conducted with 

clinical staff from the Healthcare Associated Infection Research team at 

the Leeds Teaching Hospitals NHS Trust (LTHT) (n=3), to ensure that 

survey wording reflected the appropriate terminology for the disease area 

of interest. The clinical experts were asked to think-aloud while reviewing 

the survey without completing any feedback form. As above, the survey 

wording and structure was edited after each round of pre-testing to receive 

as much feedback as possible. 

3. piloting – the survey was piloted between February 2020 and June 2020 

with a different group of clinical experts (n=5), to ensure usability and 

technical functionality of the survey in terms of access, navigations and 

submission.  

4.3.3 Dissemination 

The survey was targeted at medical doctors, nurses, healthcare scientists and 

GPs with experience of CDI, across hospital and community care settings in the 

UK.  

The survey was made available during two rounds of dissemination: (i) between 

21st June 2020 and 19th November 2020; and (ii) between 29th April 2021 and 1st 

June 2021. Two rounds of dissemination were conducted to account for the 

significant pressure the targeted respondents, namely healthcare professionals 

who work in infection prevention and control, and laboratories, were facing during 

the COVID-19 pandemic. In November 2020, another COVID-19 wave was 

underway and the NHS was under significant pressure, it was therefore decided 

to pause dissemination and relaunch the survey in April 2021. The survey was 

disseminated online via: (1) social media platforms (Twitter and Facebook); and 

(2) three separate mailing lists of UK clinical contacts, National Institute for Health 
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and Care Research (NIHR) Leeds In Vitro Diagnostic Co-operative (243), RID-

AMR@Leeds research group (89) and Combatting Bacterial Resistance in 

Europe- CDI (COMBACTE-CDI) study (244).  

The survey was open to anyone who voluntarily clicked the survey link with no 

incentives being offered to respondents. The survey took approximately 5-10 

minutes to complete and did not require respondents to search for any additional 

information. Respondents were asked to answer several mandatory questions 

which were highlighted by an asterisk – these questions always included a non-

response option such as ‘I do not know’. Respondents were able to change their 

answers via a ‘Back’ button.  

As the survey was initially set for dissemination in April 2020, the dissemination 

strategy was significantly revised in response to the COVID-19 pandemic. The 

initial dissemination strategy was based on snowball sampling to identify 

respondents that fitted key selection criteria (245, 246). These respondents, in 

turn, were asked to send the survey link via email to their professional contacts 

until data saturation (245, 246). Between January and March 2020, several UK-

based thought leaders14 in the field of CDI diagnosis were contacted via phone 

call to ask them to share the survey to their colleagues (n=9). While some of them 

initially agreed to help, in April 2020 most contacts were unable to disseminate 

the survey due to the severe pressures clinical staff were facing in light of the 

COVID-19 pandemic. It was therefore decided to simplify the recruitment 

strategy, focusing on dissemination via existing clinical networks and social 

media, while also postponing the launch of the survey.  

  

 
14 In January 2020 Professor Mark Wilcox, one of the clinical investigators from the 

Leeds RID-AMR research team, provided the candidate with a list of UK-based 
thought leaders in the field of CDI diagnosis. 
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4.3.4 Data analysis 

Survey data was analysed and sorted by respondent groups (ward- and 

laboratory-based clinicians, and GPs). Descriptive statistics (e.g. percentages 

and frequencies) were calculated for close-ended questions, whilst thematic 

analysis was conducted for open-ended questions. Themes embedded within 

respondents’ answers were drawn directly from the data, or from the key 

evidence domains underpinning the test evaluation pathway – see Table 4-2. 

These evidence domains were applied to cluster test characteristics included 

within TPPs into common themes – as presented in Chapter 2.   

Data processing and analysis were conducted in Microsoft Excel – with only 

completed questions being included in the analysis. A single analyst (Cocco P) 

conducted all data analysis, with any uncertainties discussed with the additional 

researchers (Davies KA, Shinkins B, Smith AF, West RM) as required. 

Table 4-2 Definition of test evidence domains applied during thematic 
analysis. 

Test evidence domain Definition Source 

Target test population Factors related to the disease of interest, and 

selection of which individuals should be tested. 

(23, 247) 

Pre-analytical factors Factors related to the “patient preparation, sample 

collection, handling, transportation, storage and 

preparation of testing”. 

(247) 

Analytical performance The performance of a test concerning the 

analytical phase (i.e. the point of sample analysis). 

It is the ability of a test to correctly detect and 

measure a particular analyte (e.g. analytical 

precision, limits of detection). 

(27, 94) 

Clinical validity Ability of a device to yield results that are 

correlated with a particular clinical condition or a 

physiological or pathological process or state. 

(27) 

Clinical utility Ability of a test to affect relevant health-related 

outcomes for patients (e.g. improvement in quality 

of life, longer lifespan). 

(30) 

Post-analytical factors Factors related to the correct interpretation and 

reporting of test results. 

(95, 248) 
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4.3.5 Ethical approval 

As the survey collected views from NHS staff who were recruited in virtue of their 

professional role, advice was sought from the School of Medicine Research 

Ethics Committee (SoMREC) at the University of Leeds as to whether NHS 

Health Research Authority (HRA) ethical approval was needed (see Appendix G 

for more information). The ethical approval from SoMREC was deemed 

appropriate since this study was not considered ‘research’ according to the NHS 

as: (i) it did not involve participant randomisation nor change in clinical care; and 

(ii) survey findings were not generalisable to other health conditions apart from 

CDI. This survey was then approved by the SoMREC at the University of Leeds 

(application reference number MREC 19-047 – see Appendix H).  

The survey was fully anonymised with no direct identifiers of participants (e.g. 

name, contact details) being asked. Data contained two types of indirect 

identifiers – job title and country where respondents worked – which did not 

enable to identification of respondents. Data collected from this survey was not 

classed as sensitive or controversial. 

Respondents were asked to give their consent to participate to the study after 

reading an information sheet provided on the first page of the survey. The 

information sheet contained details regarding: (i) the purpose of the survey; (ii) 

the length of time required to complete the survey; (iii) which data was stored; 

and (iv) who had access to the data for conducting the analysis. After completing 

the survey, participants were asked again to confirm their consent to submit their 

answers; participants were also informed that upon submission their responses 

could not be withdrawn. Data was safely stored in the University of Leeds One 

drive.  

As the dissemination date in the ethics application for the survey was originally 

set to September 2020, two amendments to the ethics application were submitted 

to extend the dissemination period until May 2021 and, subsequently, until August 

2021, to maximise the number of responses.  
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4.4 Results 

Additional results of the survey results are provided in Appendix I. Key findings 

are summarised herein. Note that, as certain survey sections entailed conditional 

branching, the number of participants answering each question may vary.  

4.4.1 Participants  

The online survey was disseminated from 21st June 2020 until 1st June 2021 

receiving a total of 48 responses. Table 4-3 summarises the survey participants. 

Most of the respondents were infection control nurses (n=21, 44%), followed by 

consultants (n=9, 19%), and healthcare scientists (n=8, 16%). The most common 

clinical setting was the hospital (n=38, 79%), with most respondents working in 

England (n=42, 88%). Few respondents reported that they worked in local health 

authorities (n=3, 6.3%) or Public Health – Health Protection (n=2, 4.2%). 
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Table 4-3 Characteristics of survey participants (n=44) in absolute values 
(n) and as percentages (%) 

Job title n (%) 

Infection control Nurse 21 (44) 

Consultant  9 (19) 

Healthcare Scientist 8 (16) 

General Practitioner 4 (8) 

Infectious Disease Doctor 2 (4) 

Nurse 2 (4) 

Medical Microbiologist 1 (2) 

Other 1 (2) 

Subgroups 

Ward-based clinician 33 (69) 

Laboratory-based clinician 11 (23) 

GP 4 (8) 

Years of work experience 

0 to 4 years 8 (17) 

5 to 10 years 6 (13) 

11 to 15 years 10 (21) 

More than 15 years 24 (50) 

Country 

England 42 (88) 

Scotland 3 (6) 

Northern Ireland 1 (2) 

Wales 2 (4) 

Clinical setting 

Hospital 38 (79) 

GP medical practice 5 (10) 

Other 5 (10) 
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4.4.2 Description of clinical practice 

All ward-based clinicians (n=33) and GPs (n=4) were asked the symptoms that 

would raise suspicion for CDI and which patient age groups were typically 

suspected of having CDI in their clinical setting.  

Figure 4-2 shows the symptoms that respondents stated would raise suspicion of 

possible CDI. Out of 37 respondents, watery stools (95%, n=35) and unexplained 

diarrhoea (n=35, 95%) were the most common symptoms leading to suspicion of 

CDI across each respondent subgroup. Among ward-based clinicians and GPs 

(n=37), older adult patients were reported as the most common patient age group 

suspected of CDI (n=34, 92%), followed by patients aged between 18 to 65 years 

(n=8, 22%) – as presented in Figure 4-3. Younger patients were rarely suspected 

of having CDI (n=3, 8%).  

Except for two respondents, all ward-based clinicians and GPs (n=35) stated that 

they would request a diagnostic test upon suspicion of CDI and would pre-

emptively start infection-control measures while waiting for test results – such as 

single room isolation in the hospital setting, or hand hygiene at the community 

setting. 
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Figure 4-2 Symptoms leading to suspicion of CDI in absolute number (n) and as a proportion of respondents selecting that option 

within each subgroup (%). The subgroup ‘Nurses’ comprises responses from Nurses (generic) and Infection Control Nurses, 

whereas the subgroup ‘Others’ comprises responses from a General Practitioner and a Public Health officer. 
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4.4.3 Description of diagnostic pathway 

Among ward-based clinicians who would request testing for CDI (n=33), the 

majority reported being familiar with the test(s) the laboratory used to diagnose 

CDI in their clinical setting (n=29, 88%). The remaining respondents (n=4, 12%) 

did not answer the next questions on the diagnostic pathway, and moved to the 

section on Confidence in test results for CDI. Laboratory staff (n=11) and ward-

based clinicians familiar with the diagnostic options for CDI (n=29) were asked to 

describe the laboratory practice for diagnosing CDI in the clinical setting where 

they worked. Across ward- and laboratory-based clinicians (n=40), EIA for toxin 

A/B (n= 30, 75%) and GDH (n=29, 73%) were the most common diagnostic tests 

stated as being available for CDI, followed by PCR (n=19, 48%). Fewer 

respondents reported the use of culture (n=9, 23%), TC (n=6, 15%) or CCNA 

(n=3, 8%) to diagnose patients suspected with CDI.  
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4.4.3.1 Testing algorithm for CDI 

Laboratory staff (n=11) and ward-based clinicians familiar with testing options for 

CDI (n=29) were asked to describe the testing algorithm used in their clinical 

setting for diagnosing CDI, if any. Among 40 respondents, the majority of ward- 

and laboratory-based clinicians stated that they would request a testing algorithm 

for diagnosing CDI (n=31, 78%), with a variety of different testing strategies 

reported – as shown in Figure 4-4. Across 31 respondents, running EIA GDH and 

EIA toxin A/B (i.e. ‘Option 1’) was the most common testing algorithm reported 

(n=16, 52%), followed by running EIA GDH and PCR (i.e. ‘Option 2’) (n=5, 16%), 

and PCR combined with EIA toxin A/B (i.e. ‘Option 4’) (n=3, 10%). The least 

common option was stool culture followed up by EIA toxin A/B (n=2, 6%). The 

following sections describe the different testing algorithms which emerged from 

responses, including variations within each testing algorithm. It should be noted 

that variations across testing algorithms are presented based on the first test 

being run as part of the testing algorithm – either EIA GDH, PCR or stool culture 

– rather than in order of popularity.  

Figure 4-4 Testing algorithm options for CDI in absolute number (n) and as 
a proportion of respondents selecting that option within each subgroup 
(%). Options with asterisk (*) might entail a third confirmatory test. 
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Option 1 – EIA GDH & EIA toxin A/B 

The most common testing algorithm among ward- and laboratory-based 

clinicians was testing with EIA GDH, then following up with EIA toxin A/B (n=16). 

Figure 4-5 provides a simplified schematic of testing algorithm ‘Option 1’. Some 

variations in how to run this testing algorithm were found: 

• order of testing options – EIA GDH and EIA toxin A/B could be run either 

simultaneously (n=4), or sequentially with EIA toxin A/B being run following 

a GDH positive test result (n=12); and  

• need for confirmatory testing – when the pathogen was detected (GDH 

positive), many respondents would check for the presence of toxigenic 

strains of the pathogen using PCR for every sample tested with EIA toxin 

A/B (n=2), or when free toxins were not found in stools (i.e. EIA toxin A/B 

negative) (n=12). Only two respondents reported no further testing after 

the first two steps.  

This testing algorithm is often used since it is currently recommended by PHE 

guidance, as three laboratory-based clinicians explained. ‘Option 1’ testing 

algorithm appeared to lead to lower testing costs (n=2) – using EIA toxin A/B 

allows to test more than one sample at once (i.e. batch testing) which, in turn, 

might lead to significant cost savings compared to following-up every sample 

positive to GDH with PCR. One respondent suggested that this testing algorithm 

is a clinically- and cost-effective option for diagnosing patients suspected with 

CDI. Additional advantages of this testing algorithm lied in the reduced time-to-

diagnosis and increased ease of use compared to culture.  

Option 2 – EIA GDH & PCR 

Another common testing algorithm among ward- and laboratory-based clinicians 

was testing first with EIA GDH, then following-up with PCR (n=5). Figure 4-5 

provides a simplified schematic of testing algorithm ‘Option 2’. Main differences 

as to how this testing algorithm was run were based on: 

• order of testing options – EIA GDH and PCR could be run 

simultaneously (n=1), or in a sequence (n=3); and 

• choice of test for toxins – since detecting the presence of the pathogen 

with GDH or toxigenic strains with PCR is insufficient to confirm the 
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presence of CDI, it is recommended to run an additional test for toxins – 

be it either CCNA (n=2) or EIA toxin A/B (n=2).  

Running this testing algorithm helps to quickly de-isolate a non-infectious patient 

who has tested positive to GDH but negative to PCR, as a laboratory-based 

clinician explained. Laboratories affiliated with the C. difficile ribotyping network 

(CDRN) are required to run CCNA (n=1), since CCNA is currently one of the gold 

standards for detecting toxins in stools, as two respondents stated. The 

combination of EIA GDH, PCR and following-up with EIA toxin A/B appeared to 

accurately identify carriers and infected cases.  

Figure 4-5 Simplified schematic of Option 1, 2 and 3 testing algorithms 

including of variations within each option 

 

Option 3 – EIA GDH & CCNA 

One respondent suggested testing first with GDH EIA, and if positive to follow-up 

with CCNA – see Figure 4-5. 

Option 4 – PCR & EIA toxin A/B 

A lesser common testing algorithm option was testing first with PCR, then 

following-up with EIA toxin A/B (n=3). There was some variation as to whether 

CCNA is used as a confirmative third testing step (n=2) or not (n=1). Since the 

reported diagnostic sensitivity of EIA toxin A/B is low, it is recommended to run a 

confirmatory test for toxins to increase confidence in the combined test result. 

Figure 4-6 illustrates a simplified schematic of the ‘Option 4’ testing algorithm.  
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Option 5 

One respondent reported testing first with PCR and then EIA GDH (see Figure 4-

6). 

Figure 4-6 Simplified schematic of Option 4 and 5 testing algorithm 

including variations within each testing algorithm option 

 

Option 6 

An additional testing algorithm option was to test first with stool culture and then 

either follow-up with EIA toxin A/B (n=1) or not (n=1). Figure 4-7 gives a simplified 

schematic of ‘Option 6’ testing algorithm. 

Figure 4-7 Simplified schematic of Option 6 testing algorithm including 

variation within this testing algorithm option 
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4.4.3.2 Confidence in test results for CDI 

All ward-based clinicians (n=33) and GPs (n=4) were asked to state how 

confident they usually feel about the test results for CDI they receive. Among 37 

respondents, the majority reported that they were ‘Fairly confident’ (n=17, 46%) 

or ‘Very confident’ (n=17, 46%) about the test results for CDI they receive. 

All ward-based clinicians (n=33) and GPs (n=4) were asked to state what their 

confidence in test results for CDI was based on. Twenty-eight respondents 

answered this question. Four major themes emerged from this qualitative 

question (see Figure 4-8) – two themes were based on the key evidence domains 

underpinning the test evaluation methodology, whereas the others were directly 

drawn from the data. The following sections describe each of the themes 

identified. 
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Figure 4-8 Key factors giving ward-based clinicians and GPs confidence in test results for CDI, sorted by common themes 
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Theme 1 – Analytical performance 

One respondent mentioned that their confidence in test results for CDI was based 

on the high analytical sensitivity for detecting toxigenic strains in patients’ stool 

samples.  

“Test very sensitive, only detects toxigenic strains of C.diff [sic]” – Infection 

Control Nurse working in an English hospital 

Theme 2 – Clinical validity  

Eight respondents stated that their confidence in testing results for CDI was 

based on high diagnostic accuracy of the testing options being used – specifically 

a high diagnostic sensitivity which, in turn, leads to a low incidence of missed 

cases (i.e. false-negative patients [FN]), and a high diagnostic specificity which 

leads to few FP patients.  

“Haven’t [sic] known any false positives” – Infection Control Nurse working in an 

England-based local authority 

“based on clinical responses and few cases being missed i.e. no large numbers 

of clinical deterioration due to false negatives” – Consultant in Infectious 

Diseases working in an English hospital 

Correlation between test results and CDI clinical disease was often perceived as 

a strong indicator of the test results for CDI being correct (n=8) – especially in the 

context of positive test results. Specifically, a good correlation between test 

results and (i) clinical symptoms; (ii) clinical disease of CDI; or (iii) clinical 

response to CDI treatment, made the respondents more confident in test results 

for CDI.  

“Positive results in combination with clinical signs are strongly indicative of CDI, 

negative results are less reliable” – Infection Control Nurse working in a Welsh 

hospital 

“Clinical Symptoms [sic] match up with lab diagnosis” – Infection Control Nurse 

working in an England-based Community Mental Health Trust 

Theme 3 – Healthcare system 

Three respondents explained that their confidence in test results was based on 

good communication between laboratory staff and ward-based clinicians, 

alongside confidence and support in the laboratory staff and their guidance (n=5).  
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“confident with the system in use and the good communication from medical 

staff ad lab staff” – Infection Control Nurse working in an English hospital 

“[..] high quality lab support within my organisation” – Consultant in Infectious 

Diseases working in an English hospital 

Theme 4 – Personal knowledge 

For eight respondents, confidence in test results for CDI came from their past 

clinical experience and knowledge of diagnostic tests. Two respondents also 

referred to the published evidence and rigorous research underpinning the NHS 

testing practices.  

“Knowledge of the assays and their characteristics, combined with clinical 

experience” – Infection Disease Doctor working in an English hospital 

“Diagnostic testing used in the NHS is usually evidence based, following 

rigorous research” – Public Health – Health Protection working in England 

4.4.3.3 Factors increasing confidence in testing results  

All ward-based clinicians (n=33) and GPs (n=4) were asked to state what would 

make them more confident about test results for CDI. Among the respondents 

who answered this question (n=22), five themes emerged from the data and the 

key evidence domains underpinning test evaluation methodology. Out of 37 

respondents, many respondents stated ‘Do not know’ or ‘Nothing’ or did not 

answer (n=15, 41%). Figure 4-9 shows the main factors that would increase 

confidence in test results for CDI among ward-based clinicians and GPs, sorted 

by common themes. 
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Figure 4-9 Key factors that would make ward-based clinicians and GPs more confident in test results for CDI, sorted by common 
themes 
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Theme 1 – Target test population  

Two respondents stated that access to patients’ full medical history – such as 

medications being prescribed to patients – might increase their confidence in test 

results. As diarrhoea is a common side effect caused by many treatments (e.g. 

antibiotics), clinicians need full access to patients’ medical history to rule out with 

confidence an episode of diarrhoea due to non-infectious causes. Another 

respondent suggested an increased ability to interpret clinical symptoms would 

increase their confidence in test results for CDI. 

“Full medical history including medications prescribed” – Infection Control Nurse 

working in an English hospital 

Theme 2 – Analytical performance  

Two respondents mentioned that better detection of toxins in patients’ stools 

would boost their confidence in test results for CDI, whereas another highlighted 

the need for an increased concordance rate between tests run as part of the same 

testing algorithm.  

“Better detection of toxin” – Infection Control Nurse working community setting 

in Wales 

“Fewer equivocal results” – Infection Control Nurse working in a Scottish 

hospital 

Theme 3 – Clinical validity 

One respondent suggested that a non-invasive test confirming likely clinical 

disease of CDI might help to increase their confidence in test results for CDI.  

“A test to confirm likely clinical disease that is not invasive – sigmoidoscopy 

could be used to confirm but is too invasive. PCR for toxin gene may help but 

needs to be tied to clinical features and may overdiagnose and may lead to 

misdiagnosis” – Consultant in Infectious Diseases working in an English 

hospital 

Another respondent proposed a standalone test with high diagnostic accuracy 

and quick turnaround time, coupled with good correlation with clinical disease.  

“A single highly sensitive and specific test that is quick.  A test that correlated 

with clinical picture” – Consultant in Infectious Diseases working in an English 

hospital 
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Theme 4 – Post-analytical factors 

Five respondents suggested that more information on the type of diagnostic test 

being requested, and confidence intervals of test results might enhance their trust 

in test results for CDI, or alternatively more experience and knowledge in 

diagnosing patients with CDI. Another respondent also suggested an increase in 

confidence among microbiology staff.  

“Some understanding of the tests carried out to diagnose C.diff” – Infection 

Control Nurse working in an English hospital 

”Additional info – type of test used and confidence of result” – Public Health – 

Health Protection working in England 

Theme 5 – Increased evidence base 

One respondent suggested that more evidence-based research on test results of 

CDI diagnostics might help to strengthen their trust in test results for CDI. 

4.4.3.4 De-escalation of infection control measures 

Ward-based clinicians were asked when they would start de-escalating infection 

control measures for a patient confirmed with CDI (n=33). The majority of the 

respondents would make this decision based mainly on symptoms (n=25, 76%), 

followed by treatment options provided to patients (n=6, 18%). Several 

respondents indicated they would take into account other system-related aspects 

(n=5, 15%) such as availability of single rooms or completion of deep cleaning of 

a given isolation room. Three ward-based clinicians stated they would also 

consider the full clinical picture of patients positive to CDI (9%), including 

likelihood of disease relapse, presence of other underlying or concurrent 

conditions or absence of colitis.  

For those ward-based clinicians who reported symptoms as the main factor which 

would prompt removal of infection-control measures (n=25), 48 hours from 

absence of loose stools and resolution of formed stools was often referred to as 

the key factor leading to release of patients from single room isolation (n=19, 

76%) and generic symptoms (n=4, 16%). One respondent reported that patients 

positive to CDI would not be de-isolated until they had 7 days of formed stools.  
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4.4.4 Problems with diagnosing C. difficile infection 

4.4.4.1 Problems with diagnosing CDI 

Each of the total survey participant (n=48) were asked, in an open-ended 

question, to list any issues currently affecting the diagnosis of CDI – excluding 

those problems relating to diagnostic tests for CDI (discussed separately in 

section 4.4.4.2). The following sections, together with Figure 4-10, describe the 

main themes and subthemes that emerged from the data.  

Theme 1 – Target test population 

Seventeen respondents commented on the uncertainty surrounding who and 

when to test for CDI due to a lack of reliable clinical recognition of CDI. Possible 

explanations provided for this included:  

• difficulties in distinguishing diarrhoea due to CDI from non-

infectious diarrhoea – diarrhoea is a symptom common to many health 

conditions and treatments – such as antibiotics – thereby making it 

challenging for clinicians to rule in CDI with confidence, based on episodes 

of diarrhoea alone;  

• poor access to patients’ full medical history – many respondents 

stressed the challenges in getting a complete clinical background on 

patients. Clinicians often rely on patients’ self-reporting their current 

medications, which may lead to incorrect or incomplete information on 

which antibiotics (if any) patients are receiving; and  

• over-reliance on stools frequency and volume – two respondents 

commented on the excessive reliance on stool frequency to suspect CDI, 

rather than considering patients’ underlying conditions and treatments. As 

clinicians might have an incomplete understanding of patients’ clinical 

history, suspicion of CDI is often based on the frequency and volumes of 

stools. Relying on stool frequency, however, was perceived as an 

inconsistent threshold for suspecting CDI – especially in the context of 

patients being unwilling to report an episode of diarrhoea promptly. 
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Theme 2 – Pre-analytical factors 

Most of the respondents referred to pre-analytical testing factors as key issues 

hindering the diagnosis of CDI (n=19). Eleven respondents highlighted difficulties 

in obtaining adequate stool samples from patients – especially those suffering 

from incontinence. Six respondents also mentioned significant delays in sending 

stool samples to the laboratory for testing. 

Theme 3 – Analytical performance 

Five respondents regarded aspects relating to the analytical performance of tests 

as an issue affecting the diagnosis of CDI – such as delayed time-to-yield test 

result (n=4), or degradations of toxins over time (n=1). The latter can reduce the 

analytical sensitivity for detecting toxins in stools.  

Theme 4 – Post-analytical factors  

Two respondents highlighted challenges in understanding the results of multiple 

tests being run in a sequence, and as to how the combined results of a testing 

algorithm link to the disease pathogenesis. Specifically, one respondent noted a 

poor understanding of the disease pathogenesis (e.g. spores, carriage and active 

infection) among healthcare workers, whilst another mentioned that mixing-up of 

specimens might cause patients to receive an incorrect stool testing result.  

Theme 5 – Clinical utility  

Three respondents referred to delayed time-to-diagnosis as a common issue 

worsening patient health via delayed time-to-start treatment. One respondent 

stated that clinicians often rely on stool testing results before starting treatment 

despite patients having symptoms of CDI. Another respondent commented on 

the lack of an accurate and rapid POCT for CDI which, in turn, might lead to “a 

lot of side rooms needed at admission and no capacity” According to one 

respondent, delays in receiving test results for CDI might also cause confusion 

as to whether diarrhoea resolution was due to CDI treatment or to another 

undetected cause. Another respondent stated the lack of a reliable CDI diagnostic 

test for patients who remain symptomatic after treatment.  
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Figure 4-10 Simplified schematic of the perceived issues with diagnosing patients with CDI 
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4.4.4.2 Problems with diagnostic tests for CDI 

Every survey participant (n=48) was asked if there were any issues with current 

diagnostic tests for CDI available in their clinical setting, and what problems these 

limitations might cause. 

Over a third of respondents reported problems with current diagnostic tests for 

CDI (n=19, 40%), as opposed to others reporting no issues with CDI diagnostics 

(n=12, 25%) or who were not aware of any limitations (n=17, 35%). Specifically, 

half of the ward-based clinicians did not know of any limitations to current 

diagnostic tests for CDI (n=16). 

Among the respondents who reported issues (n=19), the most frequent limitations 

reported were low diagnostic sensitivity (n=9, 47%) and specificity (n= 9, 47%), 

followed by difficulties in interpreting test results (n=5, 26%) and long turnaround 

time (n=5, 26%) – see Figure 4-11. The most frequently reported consequences 

of the issues affecting current CDI diagnostics were “Delays in administering 

treatment to patients” (n=9, 47%), as well as “Inappropriate treatment for CDI” 

(n=8, 42%) and “Differences in case reporting across healthcare facilities” (n=8, 

42%) – see Figure 4-12. Another common consequence of the limitations of 

current diagnostics for CDI was “Potential spread of infection” (n=7, 37%).   
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Figure 4-11 Common perceived limitations associated with current 

diagnostic tests for CDI in absolute number (n) and proportions of 

respondents which selected that option within each subgroups (%).  
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Figure 4-12 Common consequences related to the problems associated 

with current diagnostic tests for CDI in absolute number (n) and 

proportions of respondents which selected that option within each 

subgroups (%).  
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CDI would mostly inform decisions as to whether to start antibiotic treatment for 

CDI and infection-control measures, regardless of laboratory diagnosis. One 

respondent mentioned that they were not aware of any limitations with existing 

CDI tests, whereas the remaining respondents did not answer (n=2).  

Of the 19 respondents who noted issues with current CDI diagnostics, the 

majority agreed that new diagnostic tests for CDI might help to address current 

problems hindering the diagnosis of CDI (n=16). Respondents claiming that there 

was enough potential for improvement for new diagnostic tests for CDI (n=19) 

were asked how a new test could solve issues hindering the diagnosis of CDI. 

Most respondents answered this open question (n=18, 95%), with six themes 

identified – see Figure 4-13. The following sections describe each of the themes 

identified.  

Theme 1 – Target test population 

One respondent proposed a testing strategy which takes into account abdominal 

pain, which could help to reduce overreliance on volume and frequency of stools. 

Absence of stools should be considered as a sign of more severe infections – 

relying solely on stools’ frequency for suspecting CDI might therefore miss some 

severe cases.  

“Too much reliance on volume and frequency on stools – when absence of stool 

may be more indicative of serious infection” – Clinical Scientist working in an 

English hospital 

Theme 2 – Analytical performance 

Six respondents suggested that new tests should detect certain analytes, be it 

either toxigenic strains, or active production of toxins. One respondent proposed 

a new test detecting GDH, toxins A/B and toxigenic strains simultaneously.  

“Higher sensitivity for C. difficile infection and for active toxin production would 

lead to greater confidence in the results” – Infection Disease Doctor working in 

an English hospital 

“One that shows GDH, Toxin and toxin gene expression or non expression all in 

one!” – Biomedical Scientist working in an English hospital 
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One respondent also proposed that new testing options for C. difficile infection 

should also detect the bowel disease caused by CDI, or alternatively makers of 

inflammation or infections that are specific to C. difficile pathogen.  

“Possibly a test that indicates bowel disease caused by C. diff [sic] i.e. a 

biomarker of damage to the bowel that is specific to c.diff [sic].” – Consultant in 

Infectious Diseases working in an English hospital 

“[..] and include host specific markers of inflammation/ infection that relate to 

CDI and not other inflammatory bowel problems” – Consultant in Medical 

Microbiology and Virology working in an English hospital 

One respondent suggested a test with the ability to rule out other possible causes 

of infectious diarrhoea as well as the presence of C. difficile pathogen.  

“A quick and accurate test that can exclude cdiff, possibly a test that also looks 

for other causes at the same time” – Consultant in Infectious Diseases working 

in an English hospital 

Four respondents also mentioned rapid time-to-diagnosis as a key feature new 

diagnostic tests should possess as a means of solving the issues affecting the 

diagnosis of CDI. In addition, one respondent suggested that having a standalone 

test could address some of the limitations hindering the diagnosis of patients with 

CDI. Alternatively, one respondent proposed a test with the possibility of random 

access (i.e. being able to test a single sample, rather than needing to test in 

batches).  

Theme 3 – Clinical validity  

Six respondents argued that new diagnostic tests for CDI with increased 

diagnostic accuracy would be desirable. Three respondents also suggested that 

new diagnostics for CDI should be able to differentiate between carriage of the 

C. difficile organism and the active infection.  

“An assay that better differentiates carriage vs infection [..]”– Clinical Scientist 

working in an English hospital 
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Theme 4 – Post-analytical factors 

Three respondents claimed that an increased ease of test result interpretation 

and ease of use would help to improve the diagnosis of CDI, or to reduce 

confusion around test results (n=1).  

“Clarity in a single test would be ideal” – Clinical Scientist working in an English 

hospital 

Theme 5 – Infrastructural requirements  

One respondent pointed out that a higher availability of testing machines within 

laboratories might help to address some of the issues hindering the diagnosis of 

CDI, as well as access to more resources to support increased testing for CDI.  

“Not the test itself but rather the availability of resources to test in the lab [sic]. 

Often labs [sic] do once a day runs” – Infection Control Nurse working in an 

English hospital 

Theme 6 – Costs 

One respondent also noted that new diagnostics for CDI should be less 

expensive.  

Others 

Three respondents suggested that a POCT could address some of the limitations 

hindering the diagnosis of patients with CDI. 
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Figure 4-13 Desirable features new tests for C. difficile infection should possess to improve the diagnosis of patients suspected 
with CDI, sorted by main themes 
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4.4.6 Ideal diagnostic test 

Respondents who stated that there was sufficient room for improvement for new 

diagnostics for CDI (n=19) were asked to list ideal characteristics for new 

diagnostic tests, including: (i) type of sample; (ii) technique for obtaining the 

sample; (iii) method for transporting the sample; (iv) turnaround time of testing; 

(v) positioning of new test into existing care pathway; and (vi) test cost. The 

following ideal test characteristics were reported: 

• type of sample – the most commonly reported ideal type of test sample  

for CDI was stool (n=15), followed by blood (n=4). One respondent 

alternatively suggested a rectal swab detecting skin microbes, instead of 

relying on stool samples. One respondent proposed “a sample more 

accessible than stool”; 

• technique for obtaining the sample – rectal swabs were often 

recommended as an ideal technique for obtaining the samples (n=7), 

followed by stool collection (n=5). One respondent suggested that the ideal 

technique for obtaining samples should be “as non invasive as possible”; 

• technique for transporting the sample – different suggestions emerged 

about this test feature. Three respondents suggested transporting swabs 

in tubes, a porter or using a chute system. Three respondents mentioned 

that the test should be a POCT without the need to transport the sample 

from the hospital ward to the laboratory; 

• turnaround time – eight respondents proposed that the ideal turnaround 

time for new CDI diagnostics should be less than 1 hour, or within 2 and 6 

hours (n=4). One respondent noted that rapid diagnosis of CDI (<2 hours) 

during emergency admission would be desirable, whereas another stated 

a preference for a point-of-care rapid test without quantifying the ideal 

turnaround time;  

• position in the care pathway – several respondents recommended that 

an ideal test should either be point-of-care or ward-based (n=8), or run as 

soon as patients are identified as having diarrhoea (n=4);  

• acceptable cost – several respondents reported that an acceptable unit 

cost of a new test would be less than £10 (n=7), followed by a price lower 
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than £30 (n=3) or £50 (n=1).The remaining respondents left this section 

blank or identified that they did not know how to answer (n=4). 

Respondents also had the opportunity to list additional ideal features of new tests 

for CDI. Four themes emerged from this open question (n=11) – based on the 

key evidence domains underpinning the test evaluation methodology. See Figure 

4-14 for more information on each theme and subtheme. 

Theme 1 – Target test population 

Two respondents expressed their interest for a new CDI diagnostic test specific 

to paediatric patients. 

Theme 2 – Analytical performance 

One respondent claimed that a test with the ability to distinguish between carriage 

of C. difficile pathogen and active toxin production might be preferable, whilst 

another suggested that an ideal new test for CDI should be able to detect different 

pathogens that might causing infectious diarrhoea. One respondent proposed a 

test detecting inflammatory markers in stools.  

Theme 3 – Clinical validity 

Four respondents would prefer new tests for CDI with very high diagnostic 

sensitivity and high diagnostic specificity.  

“would need very high sensitivity, specificity could be less if backed up by lab 

confirmation” – Consultant in Infectious Diseases working in an English hospital 

Theme 4 – Post-analytical factors 

One respondent emphasised the need for a test which is simple to run and does 

not require excessive training. Another respondent suggested that an ideal new 

test for CDI should be user friendly, with an easy interface with the Laboratory 

Information Management System (LIMS), enhanced ease of test results 

interpretation. For instance, results from a testing algorithm should be combined 

rather than receiving results from each testing option separately. Preferably, an 

ideal new test for CDI should use standard consumables. 

“any algorithms Incorporated so result is clear with no interpretation necessary 

by the user. Interfaces with LIMS easily, uses standard consumables, user 

friendly” – Clinical Scientist working in an English hospital 
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Figure 4-14 Additional ideal features new tests for CDI should possess, sorted by main themes and subthemes 
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4.5 Discussion 

To date, this is the first survey aiming to scope the unmet clinical need for new 

tests to diagnose CDI. A Europe-wide study using a Delphi method was 

conducted in 2014 to establish clinical priorities in the management and diagnosis 

of CDI patients (249), however that study did not explicitly define value 

propositions to drive innovation in new diagnostics for CDI. The results of this 

survey, on the contrary, describe the problems associated with the diagnostic 

tests for CDI, and the desirable features that a new diagnostic test for CDI should 

possess. These survey findings are therefore expected to be particularly useful 

for test manufacturers interested in developing new diagnostic tests for CDI that 

are ultimately ‘fit for purpose’. In addition to this, findings from this survey describe 

the current diagnostic pathway for patients suspected with CDI and challenges 

within that pathway. These findings are therefore of interest to policy makers and 

relevant bodies in charge of developing national clinical guidelines to understand 

potential variations in the clinical pathway for CDI across the UK.  

4.5.1 Mapping clinical care pathway for patients suspected with CDI 

Watery stools and unexplained diarrhoea were the main symptoms found to 

prompt suspicion of CDI across ward-based clinicians – although the frequency 

and volume of stools were perceived as an inconsistent threshold for suspecting 

CDI. This survey confirmed that older patients were more frequently suspected 

of having CDI, and hence tested, whereas younger patients appeared to be 

underdiagnosed. This finding is consistent with several European epidemiological 

studies (250-253), such as the Longitudinal European Clostridium difficile 

Infection Diagnosis Surveillance Study (LuCID), EUCLID and COMBACTE-CDI 

studies. 

A range of different CDI tests was used across different hospitals. EIA GDH and 

EIA for toxin A/B were the most commonly available diagnostic tests. This 

widespread adoption may be due to the lower cost of EIA, the possibility for batch 

testing, the quick turnaround time and ease of use (206, 214). Similar findings 

were found in a survey of 168 English acute NHS hospital trusts laboratories 

which indicated that EIA for toxin A/B was the most common diagnostic strategy 

for CDI (221).  
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Following the limitations of each standalone test for CDI, the majority of ward- 

and laboratory-based clinicians stated that they would run a testing algorithm – 

as recommended by European (222) and UK guidelines for the diagnosis of CDI 

(223). Based on the survey findings, a common testing algorithm was screening 

with EIA GDH, and then following-up with EIA toxin A/B (‘Option 1’) or with PCR 

(‘Option 2’). The first test run as part of an algorithm rules out uninfected patients 

who can be managed as CDI negative cases (206). Testing options with high 

diagnostic sensitivity are therefore preferred as a screening test – as discussed 

in Chapter 3. The second step of a testing algorithm is used to rule out the 

presence of toxins in stools and thereby a second test with high specificity should 

be adopted – such as EIA for toxins A/B (222). Based on this logic, ‘Option 1’ and 

‘Option 2’ appear to be suitable testing options for diagnosing patients suspected 

with CDI and ruling out non-infected patients.  

Differences were found in the choice of tests included within testing algorithms, 

the order of the tests run (e.g. simultaneously or sequentially) and whether a 

confirmatory third test was requested. This finding is unsurprising given the lack 

of agreement around which reference standard to use for diagnosing CDI – be it 

either CCNA or TC – and the plethora of markers correlated with the C. difficile 

organism (212, 213), as described in Chapter 3. This extensive variability in 

testing protocols, however, might hinder the comparison of CDI incidence rates 

across healthcare facilities using different testing algorithms with varying 

diagnostic sensitivity and specificity (221).  

While several factors were reported to inform the choice of testing algorithm – 

such as available testing equipment, the possibility of batch testing, laboratory’s 

expertise and financial constraints (213), evidence on the comparative clinical 

utility and cost-effectiveness of different testing algorithms might better drive the 

choice of which testing protocol to run. Despite some exceptions (254, 255), there 

is currently a paucity of data on the short- and long-term impact that diverging 

testing algorithms for CDI might have on patient health. Further research is 

therefore needed to explore the comparative impact that different testing 

algorithms for CDI might have on patient health outcomes – (in terms of length of 

hospital stay, quality of life, and survival) – and the clinical care pathway – with 

reference to costs, in-ward transmission, and availability of single rooms.  



123 

Ward-based clinicians and GPs reported that they would consistently start 

infection-control measures (e.g. single room isolation, hand hygiene measures) 

upon suspicion and testing for CDI, and decisions around when to de-escalate 

these measures was mostly reported to be driven by resolution of symptoms. UK 

DH guidelines recommend de-isolating a confirmed CDI patient after 48 hours 

upon symptoms resolution (178), however some respondents would also 

consider other aspects such as the availability of single rooms and the full clinical 

picture of patients.  

4.5.2 Issues affecting the diagnosis of CDI 

The survey results indicated that most problems in the diagnosis of CDI revolved 

around the pre-analytical phase of testing – such as a lack of reliable clinical 

suspicion for CDI, and difficulties in stool sample collection. As diarrhoea is a side 

effect common to many conditions and treatments, there was uncertainty around 

who requires testing. Patients might be tested for CDI unnecessarily – because 

of a failure in identifying non-infectious causes of diarrhoea, for example; 

alternatively, their episodes of diarrhoea might go unnoticed due to a lack of 

clinical suspicion. Poor access to patient clinical history might prevent clinicians 

from understanding if, and which, antibiotics patients are currently taking. 

Although the accuracy of patients’ self-reporting of antibiotic usage was found to 

be relatively reliable (256, 257), some survey respondents noted that patients 

might under-report their antibiotic prescriptions. Significant challenges were also 

reported with obtaining stools samples – especially in the context of incontinent 

or unwilling patients. This finding is not unique to CDI diagnosis – it is a widely 

reported fact that pre-analytical issues are the largest contributor to errors in 

clinical testing pathways (258, 259), as opposed to the issues arising in the 

analytical phase (i.e. sample analysis) where more stringent processes tend to 

be in place to standardise and automate as far as possible the testing procedures 

(259). It would appear therefore that for CDI diagnosis, as for most other 

diagnostic pathways, further work is required to improve the pre-analytical phase.   

A commonly perceived limitation of testing options for CDI was poor diagnostic 

accuracy and long turnaround time. There were concerns that these issues led 

to delays to treatment or inappropriate antibiotic treatment. Despite the reported 

issues, when asked directly whether there were problems with currently available 

CDI diagnostic tests, most respondents replied by saying that they did not know 
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or that there were no problems. Of those respondents who stated that they did 

not know of any limitation with diagnostics for CDI, the majority were infection 

control nurses; it may therefore be conjectured that, as these healthcare 

professionals are not directly involved with the testing of patients suspected with 

CDI in the laboratory, they may therefore be less familiar with the potential 

limitations of current diagnostic tests when compared to laboratory-based 

clinicians. This same reason may have driven respondents to similarly report no 

specific problems with diagnostic tests for CDI – however the reasons underlying 

these subsets of answers are unknown based on the available data. Future work 

should focus on better investigating the reasons underlying these answers via 

interviews with the possibility to ask follow-up questions which, in turn, might yield 

richer and more comprehensive data.  

Survey findings indicate three main areas R&D activities should focus on in 

relation to new diagnostic tests for CDI – namely enhanced patients’ acceptability 

to sampling and sample handling, increased diagnostic accuracy and faster 

turnaround time. There is currently a paucity of data, however, as to whether early 

treatment for CDI, via early diagnosis, can provide a tangible clinical benefit to 

patients. A prospective time-series study, published in 2014, found that receiving 

a rapid diagnosis for CDI had a positive impact on patient clinical management 

(260). Further research, however, is needed to confirm the case for improved 

clinical outcomes resulting from early diagnosis of CDI.  

4.5.3 Desirable specifications for new CDI diagnostics  

Respondents suggested different desirable properties for new CDI diagnostics. 

A key requirement concerned the perceived need for new rapid POCTs for 

diagnosing CDI or with a quick turnaround time (e.g. less than 6 hours). 

There was a lack of consensus on the desired specifications for a new diagnostic 

test for CDI across respondents – especially concerning pre-analytical and 

analytical factors. From an analysis perspective, stools were regarded as the 

ideal type of sample for new CDI diagnostics, however many respondents 

highlighted the difficulties in collecting stool samples from patients. Some 

respondents suggested a rectal swab as an alternative method of obtaining a 

sample. Others stated a technique that is as non-invasive as possible. If future 

tests could be developed to detect markers specific to the C. difficile organism 

based on more widely tolerated sample types (e.g. blood or saliva, as opposed 
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to stool), this would be of benefit. There is clearly a balance required here 

between what is plausible from a biological perspective and what is preferable to 

patients and healthcare professionals. Nevertheless, failure to consider patients’ 

acceptability of sampling method when developing a test could lead to significant 

delays in sending samples to the laboratory – despite the diagnostic test itself 

being rapid. There was also a lack of agreement among respondents on whether 

the test should detect toxigenic strains or active toxin production in stools. This 

uncertainty reflects an ongoing conundrum hindering the understanding of CDI 

pathogenesis (226). 

In addition to CDI-specific analytes being detected, several respondents 

suggested developing a test which measures bowel disease caused by CDI, or 

alternatively other GI pathogens that might be causing diarrhoea. Although 

multiplex GI panels detecting C. difficile toxigenic strains and other GI pathogens 

are already on the market, their use for diagnosing CDI is under debate as 

detection of toxigenic strain alone is not indicative of CDI (261) – as discussed in 

Chapter 3.  

Several respondents also recommended high diagnostic accuracy as a key 

feature for new CDI diagnostics. While the survey did not purposefully ask 

respondents to quantify the desirable diagnostic accuracy for new CDI 

diagnostics, the de novo early economic model outlined in Chapter 5 and Chapter 

6 aims to address this question.  

4.5.4 Study strengths and limitations 

This online survey had both strengths and limitations. The use of conditional 

branching questions allowed customisation of the questions being asked 

depending on the respondents’ field of expertise, clinical setting of interest and 

knowledge regarding testing options for CDI. This helped to reduce the number 

of questions asked while also gathering more relevant data. The extensive 

validation process undertaken ensured the face and content validity of the survey.  

This survey, however, was based on a non-probability convenience sample of UK 

ward- and laboratory-based clinicians and GPs who saw the survey advertised 

on social media or emails and volunteered to participate. The generalisability of 

the survey findings may therefore be limited due to a risk of volunteer bias – which 

is common among open surveys (238). As the research team was not in control 
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of the selection process, only respondents who were interested in filling the 

survey participated in the study (i.e. self-selection) (262). The current survey 

design therefore failed to prevent multiple entries from an individual respondent 

– although the likelihood of that occurring is expected to be low. Future versions 

of this survey could address this issue by excluding responses submitted within 

an atypical timestamp (238).  

An additional limitation of the survey design lies in the lack of screening questions 

to certify that the survey participants fit a pre-specified set of criteria (i.e. having 

experience of diagnosing CDI and being familiar with diagnostic tests for CDI). 

As the survey was open to anyone with access to the survey link, there is a 

chance that some survey respondents were inaccurate information about their 

professional status and experience with CDI tests. This seems unlikely given the 

quality and detail of responses received, however there is a chance that this had 

an impact on the validity and representativeness of the survey results. Future 

iterations of this survey could include a set of screening questions at the end of 

the information sheet or when asking respondents about their details (e.g. job 

title, specialty, location) to rule out those whom did not meet the pre-specified 

criteria. For example, asking respondents upfront if they were familiar with the 

national guidelines for diagnosing CDI, or to correctly identify the diagnostic tests 

for CDI among a list of diagnostic tests for several conditions, or if they have had 

experience in diagnosing patients suspected with CDI could have helped to 

ensure that only those respondents meeting the criteria would fill in the survey.  

In addition, questions being asked, or items within multiple-choice questions, 

were not randomised thereby potentially leading to question order bias (238). The 

software where the online survey was programmed (i.e. Online Surveys) did not 

allow for randomising items within multiple-choice questions, and it was decided 

against varying the order of questions as this was heavily dependent on adaptive 

questioning.  

Findings from this survey are generalisable to ward- and laboratory-based 

clinicians working in English hospitals. This study also did not capture the views 

of other relevant stakeholder groups in the field of CDI – such as hospital 

managers, patient and industry representatives. Defining unmet clinical needs is 

a multidisciplinary exercise which requires the input from as many stakeholder 

groups as possible. For example, the systematic review (Chapter 2) found that 
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the patient perspective has so far only played a minor role in typical TPP 

development process. Ensuring that clinical unmet needs are derived from both 

clinician and patient’s views and preferences is of paramount important to ensure 

that the end-user perspective is taken into consideration. This will, in turn, 

maximise the likelihood that a novel test is ‘fit-for-purpose’ and provides clinical 

benefits to patients. To address this limitation, future focus groups, or alternatively 

an additional survey, could help to gauge the views of patients and those 

stakeholders to whom the survey was not originally sent out. This, in turn, could 

help to reach a broader consensus on the clinical priorities for CDI diagnostics 

being identified in the survey.  

A final limitation of this study is the limited sample size (n=48); in particular the 

low number of GPs responded to the survey (n=4). This may be due to the 

convenience nature of the sampling – testing for CDI in the community is not as 

common (263) and therefore GPs may not have been as drawn to the survey 

invitation. The original dissemination of the survey was planned just as the 

COVID-19 pandemic was gaining force (April to August 2020). This was an 

extremely busy period for all healthcare professionals, particularly those working 

in the field of infection. Attempts to mitigate the initial limited sample size were 

made by having additional rounds of dissemination, with partial success. To 

obtain a larger survey response however, future studies of this kind will likely 

need to wait until the pandemic effect has significantly subsided, or be able to 

invest substantial efforts into wide-scale recruitment.  

While the sample size of this study is considered limited – especially with respect 

to surveys, it constitutes an improvement in the context of published clinical 

needs assessment studies based on focus groups which tend to involve a much 

lower number of healthcare professionals (20). The survey results were able to 

capture notable differences in the diagnostic pathways and testing options for 

CDI across UK hospitals, and highlight common challenges faced by a wide 

range of healthcare professionals with varying expertise in the diagnosis of CDI. 

Findings of this survey are therefore expected to be of great interest to test 

developers, as well as clinicians and policy makers in this setting, to help them 

understand the current testing practices and perceived challenges with 

diagnosing CDI.  
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4.6 Chapter summary 

• This chapter presented the development and results of an online survey 

of UK healthcare professionals, which aimed to understand current clinical 

practices for diagnosing CDI and to assess if there is an unmet clinical 

need for new diagnostic tests for CDI. 

• Forty-eight participants completed the survey, most of whom were 

infection control nurses (n = 21). A variety of testing algorithms were 

reported as being used across different hospital laboratories, with running 

EIA GDH and EIA toxin A/B being the most commonly reported testing 

algorithm.  

• The primary issues identified with current diagnostics for CDI concerned 

difficulties in identifying who requires testing, and problems with sample 

collection (i.e. difficulties in obtaining an adequate stool sample). Test 

turnaround time was also highlighted as an issue – thereby a perceived 

need for new rapid POCTs for diagnosing CDI was found.  

• Key identified requirements for a new CDI diagnostic included: (i) quicker 

turnaround time, (ii) less invasive sample requirements, and (iii) high 

diagnostic accuracy. 

 

This online survey did not aim to elicit respondents’ views on the minimum and 

desirable diagnostic accuracy for new diagnostic tests for CDI. To this end, 

Chapter 5 presents a de novo early economic model which aims to evaluate the 

cost-effectiveness a hypothetical rapid test for CDI. Chapter 6 outlines the 

analysis conducted to estimate the minimum diagnostic accuracy and maximum 

unit price for a hypothetical rapid test for CDI based on clinical and cost-

effectiveness considerations.  
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Chapter 5  

Early economic model comparing a new hypothetical rapid 

diagnostic test for CDI against standard care – structure and 

parameterisation 

5.1 Chapter outline 

In Chapter 3, the clinical background of the case study was provided, alongside 

an overview of the typical clinical pathways for patients suspected with CDI. This 

chapter describes the structure, development and parameterisation of a de novo 

early economic model comparing the cost-effectiveness of a hypothetical 

diagnostic test for CDI to current clinical testing practice at LTHT. Key findings 

from a rapid literature review of decision models evaluating the cost-effectiveness 

of diagnostic tests for CDI are outlined in section 5.2. An overview of the structure 

of the model is then provided (section 5.3), including: (i) rationale for the 

modelling approach (section 5.3.2); (ii) details of the conceptual structure of the 

model and main clinical assumptions (section 5.3); (iii) an analysis of the 

simulated disease spread (section 5.3.4); (iv) parameterisation of the model 

(section 5.3.5); (v) an outline of the model outputs (section 5.3.6); (vi) details of 

model implementation (section 5.3.7); and (vii) an overview of model validation 

process (section 5.3.8). Model analysis and the estimated performance 

specifications are subsequently presented in Chapter 6. 

5.2 Background 

To inform the development of the model, a rapid literature review and critical 

appraisal of decision models evaluating the cost-effectiveness of diagnostic tests 

for CDI was performed. Full details of the methods and results can be found in 

Appendix J and K, respectively. Eight studies, published between 2012 and 2020, 

were included (235, 264-270). Common modelling approaches were identified, 

alongside some limitations of existing models. The mechanism of impact of CDI 

diagnostics on patient health was typically modelled by triggering infection-control 

measures (e.g. single room isolation) and/or administration of antibiotic treatment 

regimens for CDI.  
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When critically appraising the existing models, some common methodological 

limitations were found. Firstly, all models failed to capture further diagnostic 

activity following the receipt of an initial CDI result. In clinical practice, clinicians 

would usually request subsequent testing upon receipt of a negative test result to 

rule out other causes of infectious diarrhoea, or alternatively, re-test for CDI in 

cases where symptoms persist (266). Every included study, however, assumed 

that these patients would either be discharged from the hospital or exit the model. 

Secondly, for the models where a CUA was conducted, the evidence base 

underpinning the utility weight parameters for CDI was weak. Often, health 

utilities for non-infectious diarrhoea were adopted as proxies for CDI (264, 265, 

268) – such as ulcerative colitis, chronic inflammatory bowel disease, and 

prostate cancer. As a consequence, the impact of CDI on patients’ health quality 

of life and QALYs may have been underestimated as non-infectious diarrhoea is 

not as severe as CDI. This might then lead to biased conclusions on the expected 

cost-utility of diagnostic tests for CDI. A third limitation, which relates to the ability 

of the standard economic evaluation framework to capture the key advantages 

and disadvantages of the intervention, was the oversight of capacity 

considerations when evaluating the cost-effectiveness of CDI diagnostics. None 

of the included studies captured the consequence of testing strategies for CDI on 

the availability of single rooms to isolate patients suspected or confirmed with CDI 

– except one stochastic system dynamic (SD) model (270). While several studies 

explored the impact of receiving an incorrect diagnosis on the implementation of 

infection-control measures (e.g. single room isolation) (235, 264, 267, 270), the 

availability of single rooms was seldom accounted for. Given that the availability 

of single rooms is a key structural aspect that impacts on hospital workflow and 

subsequent infection spread, this is a key limitation of past modelling studies. 

The review findings were used to inform the structure and parameterisation of the 

early economic model comparing the cost-effectiveness of a hypothetical 

diagnostic test for CDI discussed in section 5.3. 
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5.3 De novo early economic model  

The sections below give an overview of the de novo early economic model 

(henceforth referred as ‘the model’).  

5.3.1 Scope of the model 

The aim of this research is to develop an early economic model to help inform 

key TPP characteristics for a new rapid diagnostic test for CDI, based on the 

clinical utility and cost-effectiveness outputs of the EEE – including INMB. 

Specifically, this analysis is focused on developing a decision-analytic model to:  

• explore the impact that a POCT could have on infection control 

infrastructure (e.g. availability of isolation rooms), clinical decision-making, 

infection spread (e.g. new secondary CDI cases in general ward) and 

costs; and 

• identify the necessary properties of a POCT for CDI to be cost-effective 

compared to standard care, from a UK NHS perspective (focusing on 

minimum diagnostic sensitivity and specificity, turnaround time and 

maximum cost for the test).  

5.3.2 Choice of modelling technique  

Different modelling techniques are available to conduct economic evaluations. An 

overview of common modelling techniques (including decision tree models, 

Markov models, DES models, SD models, and agent-based simulation models) 

is provided in Appendix A.  

Selecting an appropriate modelling approach is contingent on the decision being 

evaluated, as well as the key mechanisms that needed to be captured within the 

model (e.g. interactions between individuals, timing of events, resource 

constraints) (271, 272) (see Figure 5-1). Several authors have published 

guidance on this topic (271, 273-277). Key factors include (278): (a) whether 

individual characteristics of the modelled population need to be captured or not 

(i.e. individual-level vs. cohort-level modelling); (b) whether the precise timing of 

events needs to be captured; (c) whether interactions between individuals are 

relevant for the decision at hand; (d) whether resource constraints should be 

captured or not; and (e) what the modeller’s resources are (e.g. project 

constraints, software costs and modelling expertise). 



132 

 

Figure 5-1 A flowchart summarising the key requirements for a decision model. Figure adapted from Stahl, J.E. (275). 
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Ideally, the model comparing the cost-effectiveness of a hypothetical rapid 

diagnostic test for CDI should capture:  

• individual patient characteristics – clinical decisions for patients 

suspected and confirmed with CDI (e.g. antimicrobial treatment decisions, 

when to de-escalate infection control measures) take into consideration 

many individual factors such as number or recurrences, disease severity 

and patient risk factors. To explore how a new POCT could impact clinical 

decision-making for CDI patients, the model should account for individual 

patient factors rather than assuming homogeneity within the patient cohort 

as per cohort-based models (e.g. decision trees, Markov models) or 

aggregate models – such as SD models15;  

• patient history – according to clinical practice, patients receiving a 

negative CDI test result might be tested again for CDI or other GI 

pathogens if symptoms persist (181). In addition, the duration of 

antimicrobial treatment for CDI is dependent on resolution of symptoms 

and therefore a clinician might check if a given patient is symptomatic 

repeatedly over the patient’s hospital stay. The ability to retain patient 

history information or past events is therefore desirable as it allows to 

determine the future patient trajectory within the clinical pathway, disease 

progression and associated resource requirements based on patient’s 

current status (e.g. test result, resolution of symptoms). This enables 

evaluation of capacity implications as it is possible to account for what 

resources each individual patient needs (e.g. single rooms); 

• time-to-event – the timing of events in the context of CDI diagnosis (e.g. 

when test results are received, when to start an antibiotic treatment 

regimen, when and for how long a patient remains in presumptive 

isolation) is expected to have an impact on the availability of single rooms, 

costs and patient health. The ability of capture the passage of time – either 

continuously as per SD and agent-based simulation (ABS) models, or at 

discrete timepoints as per DES models, is therefore desirable to more 

accurately estimate patient health outcomes, costs and resource 

constraints;  

 
15 An alternative name for SD models is ordinary differential equation (ODE) models. 
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• interactions between individuals – interactions between patients, 

clinicians and visitors are the main vector for disease transmission in this 

case study, as patients positive to CDI or colonised can spread the 

pathogens to other individuals through shedding common surfaces (e.g. 

bathrooms, wards) (279). Interactions between individuals also impact the 

infection-control infrastructure as patients in isolation who are considered 

lower priority from an infection-control perspective might be de-isolated to 

release single rooms for patients with higher priority. DES, ABS and SD 

models allow the user to capture interactions between individuals over 

time, as opposed to Markov models and decision trees which do not have 

this feature; and 

• resource constraints – in the UK, inpatients suspected with CDI are 

typically isolated in single rooms while awaiting test results to prevent in-

hospital transmission, until confirmation of non-infectious diarrhoea (181). 

Core to this decision model is therefore exploring what impact a 

hypothetical rapid test could have on the infection control infrastructure 

and clinical decision-making (e.g. start isolation, obtaining and 

transporting samples to the laboratory).  

 

Based on the key requirements for the model presented above, decision trees 

and Markov models can be ruled out as a suitable modelling technique for this 

case study as: (i) they do not allow for interactions between individuals; (ii) they 

do not capture resource and/or capacity constraints; (iii) they do not accurately 

simulate the passage of time; and (iv) they do not retain patient past information 

and history.  

Three modelling techniques are usually employed to simulate healthcare-

associated infections – namely DES, ABS and SD modelling (279). Based on an 

assessment of the different capabilities of DES, ABS, and SD models, DES was 

selected as the technique of choice for the model. The primary advantages of 

DES modelling in this case are: (i) the ability to capture individual patient 

characteristics (e.g. age, duration of symptoms and risk of experiencing a certain 

event) and history in the model (possible with both DES and ABS modelling, as 

opposed to SD modelling); (ii) the ability to accurately measure the timings of 

events, and their associated costs and outcomes – as within DES models 

transitions are evaluated as they occur rather than at fixed time cycles as within 
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Markov models); (iii) the ability to capture a sequence of hospital processes and 

activities patients suspected with CDI undergo within the care pathway (possible 

with both DES and ABS modelling technique only) – rather than simulating the 

predicted behaviour of patients and healthcare workers as autonomous agents 

as per ABS models16; and (iv) the ability to capture capacity constraints for scarce 

resources (e.g. single rooms) and queues in the system (common between 

constrained-resource DES and ABS modelling, as opposed to SD models).  

Whilst DES is not the optimal approach for modelling infection spread compared 

to SD or ABS models (279), it is nevertheless able to indirectly estimate 

secondary infections, which is the most common approach taken in past models 

to capture CDI spread (235, 264). DES can provide useful information on 

secondary infections in an efficient and static way, without requiring the same 

level of data on infection transmission needed for a SD or ABS model - which in 

the context of a hypothetical test would not be expected to be available. Details 

on estimation of the secondary cases of CDI can be found in section 5.3.4, while 

the potential impact of this limitation is discussed in Chapter 6.  

It is also of interest to highlight that a similar modelling approach, utilising a DES 

model, was adopted within the recent early economic model of COVID-19 POCTs 

published as part of a NICE-commissioned project (164). While the authors did 

not explain the reasons as to why this modelling technique was chosen, building 

a DES model allowed them to: (i) capture the infection spread of COVID-19 

between patients and healthcare professionals; (ii) simulate recurring events (e.g. 

patients can be retested in case of an unclear test result); and (iii) assess the 

impact of testing turnaround time on the ward bays where patients suspected with 

COVID-19 were assumed to await test results.  

 
16 As this model aims to evaluate the impact of a hypothetical test on the clinical pathway, 

incorporating agent autonomy and predicted behaviour was not expected to provide 
meaningful information for the clinical stakeholders in the context of TPP 
development. ABS models can therefore be ruled out as an appropriate modelling 
technique for the decision at hand. 
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5.3.3 Model structure  

A deterministic, stochastic17, resource-constrained DES model was developed in 

SIMUL8 (SIMUL8 Corp, Boston, MA) to map the flow of patients presenting with 

CDI symptoms through the hospital setting, accounting for key capacity 

constraints (i.e. availability of single rooms, laboratory schedule for processing 

samples). The model is static, in the sense that it does not capture directly the 

infection spread of CDI within the hospital. Instead, the model indirectly estimates 

the number of new secondary infections of CDI due to a lack of infection-control 

measures when confirmed CDI cases remain in general ward due to a limited 

availability of single rooms (see section 5.3.4 for more details).  

As clinical practices for diagnosing CDI in the hospital currently vary across the 

UK (based on the findings from the survey presented in Chapter 4), the pragmatic 

decision was made to base the model structure on a single centre, but whilst 

ensuring sufficient model flexibility to explore alternative hospital configurations 

via sensitivity and scenario analyses (e.g. assuming a different volume of patients 

arriving and number of single rooms). The model was therefore built to reflect 

current clinical pathways in place at LTHT (281, 282) – a medium to large sized 

hospital which sees roughly a million patients annually.  

Consultations with clinical experts based at LTHT and a review of local clinical 

guidelines, in addition to the studies identified in the rapid literature review 

outlined in Appendix K, informed the model development (181, 281-284). 

Specifically, information on key processes underlying the LTHT laboratory 

workflow for diagnosing CDI and clinical management for patients suspected with 

CDI, outlined below, were derived from consultations with an LTHT Principal 

Clinical Scientist and a Clinical Research Fellow, respectively.  

Figure 5-2 represents a simplified schematic of the model structure. The upper 

branch of the model depicts the movement of patients through the hospital, while 

the lower branch depicts the testing processes undertaken on each patient’s test 

sample. Further details on the clinical assumptions underpinning the model, and 

 
17 Stochastic models are subject to first-order uncertainty which reflects “the fact that 

individuals facing the same probabilities and outcomes will experience the effects of 
a disease or intervention differently [..] (e.g. the first patient in a sample might 
respond to a treatment but the next one may not)” (280). Section 5.3.7.2 outlines 
more details on how the uncertainty was handled in the model.  
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each of the subcomponents of the model are provided in the following sections. 

Full model coding and technical documentation is available upon request.  

The model was developed in accordance to the Strengthening The Reporting of 

Empirical Simulation Studies (STRESS) guidelines (285) and Consolidated 

Health Economic Evaluation Reporting Standards (CHEERS) (286) (see 

Appendix M for detail).  
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Figure 5-2 Simplified schematic of the early economic model for a new hypothetical rapid diagnostic test for CDI
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5.3.3.1 Clinical assumptions 

Key clinical assumptions (CA) underpinning the model are summarised in Table 

5-1. These assumptions were informed by a series of consultations with clinical 

experts (including a Principal Clinical Scientist and a Clinical Research Fellow at 

LTHT).  

Table 5-1 Key clinical assumptions of the model 

Clinical Assumption 

CA 1. The monthly demand for stool testing was assumed to be constant and 

independent from seasonal change or other external factors. 

CA 2. There is no risk of co-infection between GI pathogens and CDI. 

CA 3. Isolation in single rooms is required for patients positive to other GI 
pathogens. 

CA 4. When single rooms and cohort bays are at full capacity, patients confirmed 
with infectious diarrhoea remain in general ward until hospital discharge. 

CA 5. A rapid multiplex GI panel with assumed perfected diagnostic accuracy is 
run to detect multiple pathogens – separate to tests for CDI.  

Perfected diagnostic accuracy was assumed for the multiplex GI panel as the 
focus of this decision model lies in evaluating testing strategies for CDI, rather 
than other GI pathogens. 

CA 6. Clinicians consider the continuation or resolution of diarrhoea as the only 
symptom for CDI – without assessing whether the frequency of stools is improving 
or worsening. See Chapter 4 for more information. 

CA 7. Clinicians are assumed to pre-emptively administer treatment for CDI (i.e. 
‘empirical treatment’) prior to receipt of test results if a patient presents with severe 
symptoms of CDI – as per current clinical practice at LTHT. 

CA 8. Clinicians fully adhere to test results when deciding when to start or stop 
administering antibiotic treatment for CDI. 

CA 9. Early treatment, via early diagnosis, is assumed to have no impact on 
patient survival, risk of disease recurrence and long-term quality of life due to 
paucity of data. 

CA 10. Patients with a true-positive (TP) test result for CDI are assumed to 
recover to full health without risk of disease recurrence at the end of the antibiotic 
treatment regimen. 

CA 11. Patients with a FN test result for CDI do not experience further disease 
recurrences. 

CA 12. Patients with a FP test result for CDI are assumed to remain symptomatic 
at day 10 of treatment and receive treatment for 4 additional days – as per current 
clinical practice at LTHT. 

For more information see section 5.3.3.6. 
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5.3.3.2 Starting point 

In-hospital adult patients with an initial episode of acute diarrhoea for whom 

clinicians have requested stool testing for CDI enter the model.  

Patients are moved into presumptive isolation, while their stool samples are 

tested simultaneously for CDI and other GI pathogens which could cause 

diarrhoea. Stool testing and presumptive isolation happen simultaneously. The 

simulation software has the functionality to divide a single entity (i.e. patient) into 

two parts (called batching in SIMUL8) which share the same individual-level 

information (e.g. disease prevalence, time to enter the model), and to re-combine 

those two parts (called components) of an entity at a later event (i.e. once test 

results are back). This enables the user to simulate different events happening 

simultaneously to a single entity. This approach is used in the model to track: (i) 

which single isolation room a patient enters, depending on the current availability 

of single rooms, and (ii) the various processes of the testing pathway that each 

individual’s test sample undergoes (e.g. sample preparation, setting the machine, 

reviewing test results). The division of entities into their two respective 

components is undertaken at the start of the model. Once the patient’s test result 

is received, the two components are recombined and information on an individual 

patient’s health is updated.  

5.3.3.3 Escalation of infection-control measures 

LTHT clinical guidelines recommend placing a patient into presumptive isolation 

within two hours of suspicion of infective diarrhoea to reduce the risk of 

nosocomial transmission within the general ward (281, 283). Two locations are 

available for patients suspected with infectious diarrhoea depending on current 

capacity constraints:  

• single rooms: only one patient can enter a single room with no 

potential of infecting others. If there is a confirmation of CDI, the patient 

remains in isolation until the end of their hospital LOS; and  

• general ward: when no single rooms are available, patients remain in 

the general ward while waiting for test result with a higher potential for 

infection transmission. The general ward is set to an unlimited capacity 

in the model, to host as many patients as possible, where necessary.  
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Cohort bays are available for patients confirmed with infectious diarrhoea only – 

in the absence of available single rooms. At LTHT, patients with the same 

detected infection can be grouped together in four cohort bays (each with a 

maximum capacity of 6 patients). 

5.3.3.4 Testing pathway 

Upon sample collection, the sample is shipped to the laboratory or tested within 

the ward depending on the testing strategy under evaluation. The following 

features are common to both testing strategies being evaluated: (i) test 

turnaround time represents how long it takes to yield test results after having 

obtained the sample to test; (ii) the sample is simultaneously tested for CDI and 

other GI pathogens to rule out other causes of infectious diarrhoea using a rapid 

multiplex GI panel with perfected diagnostic accuracy; and (iii) upon receipt of 

final diagnosis, the test sample is matched to the corresponding patient within the 

patient isolation pathway, to update information on patient’s health following test 

results.  

5.3.3.4.1 Standard care testing for CDI 

Details of the LTHT laboratory clinical pathway for CDI, outlined below, were 

derived from consultations with a Principal Clinical Scientist based at LTHT. At 

LTHT an on-site laboratory routinely processes stool samples at 10am and 4pm. 

Samples arriving before these time points will wait before being processed.  

A two-step testing algorithm is currently run at LTHT for patients suspected with 

CDI (Figure 5-3). Each sample is initially screened with TECHLAB ® C.DIFF 

CHECKTM-60 GDH EIA to detect the presence of C. difficile organism. If a sample 

is negative to GDH EIA, it is possible to exclude CDI.  

If a sample is positive on GDH screening, a Cepheid ® Xpert C. difficile PCR and 

CCNA are used simultaneously to detect toxin genes related to CDI or free toxins 

in stools, respectively. PCR testing yields results quickly (e.g. 43 minutes), whilst 

CCNA ultimately confirms the presence of free toxins within two days. Final 

diagnosis is confirmed upon receipt of CCNA results. Table 5-2 gives an overview 

of the possible diagnosis, interpretation of test results and clinical 
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recommendation based on both PCR and CCNA test results. 

 

Figure 5-3 Two-step testing algorithm run at LTHT to diagnose patients 
suspected with CDI  
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Table 5-2 Possible diagnoses for samples positive for GDH then tested with  
PCR and CCNA, outlining interpretation and clinical recommendations 
according to LTHT clinical guidelines (281, 282) 

 Combined 

result 

Interpretation Clinical 

recommendation 

PCR +ve/ CCNA +ve • Toxigenic 

strain 

• Free toxins 

detected  

CDI positive Contact and isolation 

measures are continued 

for the duration of 

inpatient stay 

PCR -ve/ CCNA -ve • Non-toxigenic 

strain  

• No free toxins 

detected 

CDI negative Pending results on other 

GI pathogens, contact 

measures and isolation 

can be discontinued 

PCR -ve/ CCNA +ve • Free toxins 

detected 

CDI positive Contact and isolation 

measures are continued 

for the duration of 

inpatient stay 

PCR +ve/ CCNA -ve • Toxigenic 

strain 

• No free toxins 

detected 

Potentially 

colonised with 

C. difficile 

pathogen 

Contact and isolation 

measures are continued 

for the duration of 

inpatient stay  
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5.3.3.4.2 Hypothetical test for CDI 

Based on the findings of the online survey presented in Chapter 4, a perceived 

need for more accurate and rapid new diagnostic tests for CDI emerged. In 

addition to this, a new POCT for CDI is currently under development as part of a 

funded research programme grant (as discussed in Chapter 1). 

The intervention being evaluated was therefore a ward-based hypothetical POCT 

(henceforth ‘HT’) detecting toxins in stools. There are opposing views on which 

target diagnostic tests for CDI should detect, be it either free toxins in stool, the 

organism or genes encoding-toxins (215). This was also reflected in the findings 

of the online survey discussed in Chapter 4. Exploring the downstream benefits 

of detecting alternative targets, however, is outside the scope of this early 

economic model. It was therefore decided to model HT as a toxin detecting POCT 

since toxin detection has been reported to better correlate with disease severity 

and patient health outcomes (197, 218), as discussed in Chapter 3.   

The focus of the model was on capturing the impact of HT on: (i) improving short-

term clinical outcomes for patients via an expedited (and appropriate) 

administration of antibiotic treatment for CDI and (ii) supporting fast and 

appropriate escalation of infection control measures, to minimise in-hospital 

transmission and enable rapid de-isolation of non-infected patients. The model 

simulates two important mechanisms via which the HT may impact on clinical 

utility and cost-effectiveness outcomes: reduced test turnaround time, and 

increased diagnostic accuracy (see Figure 5-4).  

As HT is a hypothetical test, no information is available currently on its diagnostic 

accuracy, turnaround time or test price. Various scenarios and sensitivity 

analyses were run in the model varying test turnaround time and diagnostic 

accuracy, as outlined in the Chapter 6. 
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Figure 5-4 Simplified schematic of how HT affects the hospital system and individual patient health outcomes via reduced test 

turnaround time and improved diagnostic accuracy  
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Early diagnosis  

Upon receipt of positive test result for CDI, patients start antibiotic treatment for 

CDI – unless treatment has started in advance (i.e. empirical treatment) because 

patients presented with severe symptoms. Receiving test results in a timely 

manner supports clinicians in administering early treatment for CDI which, in turn, 

may improve short-term health outcomes for patients.  

A HT with reduced turnaround time therefore: (1) increases the probability of 

clinical cure at day 10 of treatment regimen; as well as (2) reducing the hospital 

LOS compared to testing strategies with a slower turnaround time (260). In the 

context of early treatment, via early diagnosis, patients who tested positive to CDI 

experience a worsening in their quality of life for a shorter duration, while also 

decreasing the number of treatment days required for patients to recover to full 

health compared to patients who receive confirmation of CDI at later time points. 

This also leads to cost savings compared to standard care due to reduced total 

treatment cost and bed cost per patient.  

On a system-related level, a HT capable of reducing turnaround time compared 

to standard care shortens patients’ stay in presumptive isolation whilst awaiting 

the confirmation of infectious diarrhoea, as well as reducing the LOS patients 

positive to CDI remain in single room isolation. This results in more single rooms 

being available for new patients suspected with CDI thus reducing the number of 

secondary CDI cases in the general ward (236).  

The possible impact of such a test on improving patient survival and risk of 

disease recurrence via expedited delivery of antibiotics was not captured in this 

analysis, due to a current paucity of data in the literature as to the effect of early 

treatment in this context (260, 266). As further data on this emerges, future 

iterations of this early economic model could be expanded to include this element. 

Increased diagnostic accuracy  

A HT associated with higher diagnostic specificity is able to decrease the number 

of FP cases (i.e. patients who were given a positive result for CDI, although they 

did not have the disease), thus reducing the number of unnecessary antibiotic 

treatments for CDI. This minimises the loss in health-related quality of life due to 

receiving incorrect antibiotic treatment. In addition, a HT test with improved 

diagnostic specificity increases the availability of free single rooms for new 
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suspected or confirmed infectious patients. With more single rooms being 

available, fewer patients are placed in the general ward while waiting for test 

results, thus minimising infection spread within the general ward. A HT with 

improved diagnostic sensitivity compared to standard care would reduce the 

number of FN cases and missed antibiotic prescriptions for CDI. On an individual 

patient level, this minimises the risk of health-related quality of life loss due to 

missed treatment; on a system-related level, a HT with improved diagnostic 

sensitivity reduces the risk of FN patients being released into the general ward, 

which decreases the risk of nosocomial transmission of CDI. 

5.3.3.5 Clinical decision-making upon receipt of test results  

Upon receipt of a patient’s test results, clinicians can decide to: (i) continue 

isolation; (ii) de-escalate isolation measures and move the patient into the general 

ward; or (iii) discharge the patient if the patient has spent their assigned LOS in 

isolation18. Based on current LTHT clinical guidelines, Table 5-3 gives an 

overview of recommended clinical actions for patients suspected with CDI 

considering both clinical symptoms and test results as simulated within the model. 

  

 
18 If a patient remains longer in single room isolation than the assigned LOS due to slow 

time-to-diagnosis, during the next check to assess resolution of symptoms, the 
model has the capacity to assess if the time the patient has spent within the 
simulation exceeds the assigned individual LOS. If so, the patient is assumed to be 
discharged.  
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Table 5-3 Clinical decision-making for patients suspected with CDI 
considering symptoms and test results 

 Test results 

 

 

Symptoms 

persist  

• CDI +ve – patient remains in isolation and antimicrobial treatment for 

CDI, unless empirical treatment was already started. 

• CDI -ve / GI panel +ve – patient remains in isolation. Set daily checks 

to assess resolution of symptoms. 

• CDI -ve / GI panel -ve – patient is confirmed with non-infective 

diarrhoea, isolation is not required. The patient is therefore de-isolated 

and moved into the general ward for their remaining hospital LOS.  

 

 

Symptoms 

disappear  

• CDI +ve – patient remains in isolation for the remaining length of 

hospital stay. Complete CDI treatment regimen.  

• CDI -ve / GI panel +ve – patient remains in isolation for 2 extra days, 

and subsequently moves into the general ward – unless the patient is 

de-isolated in advance if case single rooms are in full capacity.  

• CDI -ve / GI panel -ve – patient is de-isolated and moved into the 

general ward for their remaining hospital LOS. 

5.3.3.6 Antibiotic treatment for CDI  

If a patient presents with severe symptoms of CDI (e.g. evidence of severe colitis, 

high temperature), clinicians are assumed to start empirical antibiotic treatment 

before placing the patient into presumptive isolation and prior to receipt of test 

results (283). For patients with mild or moderate symptoms (e.g. approximately 

3-5 stools per day), antibiotic treatment for CDI (i.e. vancomycin) starts upon 

receipt of positive test results for CDI. 

The antibiotic treatment regimen for CDI lasts up to 10 days. At day 10, clinicians 

check if the patient is symptomatic and, if so, treatment is continued for 4 

additional days. Once the patient is no longer symptomatic at day 10, treatment 

for CDI is discontinued and patients are assumed to recover to full health without 

risk of disease recurrence. Patients with a FP test result receiving unnecessary 

antibiotic treatment for CDI are assumed to remain symptomatic at day 10 of 

treatment, as they are not treated for the real cause of diarrhoea (e.g. non-

infectious condition – as per expert opinion). Since patients with a FP test result 

for CDI remain symptomatic, they are assumed to receive treatment for 4 

additional days (as per current clinical practice at LTHT).  

Figure 5-5 shows a timeline of key events patients experience within the clinical 

management for CDI as simulated within the model. 
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Figure 5-5 Key events patients experience within the clinical pathway for CDI as simulated within the model
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5.3.3.7 Dynamic bed allocation  

The model has the capacity to resemble as much as possible the dynamic bed 

allocation processes underlying clinical practice, whilst capturing capacity 

constraints. The following subsections describe key events happening to patients 

placed either into single rooms, the general ward or cohort bays upon receipt of 

final diagnosis.  

5.3.3.7.1 Single room isolation 

If single rooms reach full capacity, clinicians can decide to de-escalate infection-

control measures for patients who are no longer infectious. Based on expert 

opinion, patients who are positive with other GI pathogens but asymptomatic can 

be assigned a lower priority from an infection-control perspective. Once single 

rooms are occupied, the model has the functionality to de-isolate any 

asymptomatic patient positive to other GI pathogens in order to release additional 

single rooms. This patient will then enter the general ward or be discharged 

depending on their remaining hospital LOS. 

5.3.3.7.2 Stay in general ward 

If a patient within the general ward is confirmed with infectious diarrhoea, they 

may be transferred into a single room or cohort bay (depending on availability) to 

reduce risk of transmission. Alternatively, when single rooms and cohort bays are 

at full capacity, confirmed cases remain in the general ward until hospital 

discharge. The simulation then counts the total number of infectious CDI patients 

(i.e. TP and FN) within general ward over the model evaluation period (for more 

information see section 5.3.4).  

If a patient within the general ward is reported as not infectious, they stay in the 

general ward until hospital discharge depending on their simulated LOS, without 

receiving antibiotic treatment for CDI.  

5.3.3.7.3 Cohort bay isolation 

Upon confirmation of infectious diarrhoea, patients in the general ward can be 

transferred into one of the four cohort bays depending on current availability. 

Patients confirmed with CDI are grouped separately from patients positive to 

other GI pathogens, to reduce the risk of developing co-infections. Confirmed 

patients remain in cohort bays until hospital discharge.  



151 

5.3.4 Estimation of new secondary cases of CDI 

As discussed in section 5.3.2, DES is not capable of directly tracking infection 

spread within the modelled system without intense computation. Nevertheless, 

DES is capable of efficiently approximating the infection spread. As such an 

approximation of the infection spread was captured in the model using a 

reproductive rate of infection spread (R0) – which is represents an estimate of the 

number of secondary infected cases resulting from one primary infected patient 

(287).  

Similar to existing decision models for CDI diagnostics (235, 264), at the end of 

the model simulation a simplified approach was taken to indirectly estimate the 

number of secondary infection cases resulting from infected patients entering the 

general ward, using R0 (i.e. as opposed to adopting a SD model):  

𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠 = 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠 𝑖𝑛 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑤𝑎𝑟𝑑 × 𝑅0 

The number of primary infection cases in the general ward comprises of patients 

positive to CDI who were placed in the general ward due to scarcity of single 

rooms and cohort bays, and those patients incorrectly de-isolated upon receipt of 

a FN test result.  

The model estimated the potential number of secondary infection cases due to 

patients confirmed with CDI being in the general ward only, as patients positive 

to CDI within single rooms and cohort bays pose a minimal risk of wide-spread 

transmission. The rate of infection, however, is assumed to be constant 

regardless of the number of secondary cases occurring in the model. In addition, 

the model only counts the number of secondary cases at each run, and estimates 

the associated healthcare costs and QALY lost – without explicitly simulating the 

events and clinical processes occurring to new patients infected with CDI.   
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5.3.5 Model parameterisation 

This section describes the assumptions and data used to populate the model.  

Table 5-4 provides an overview of model parameters and related sources. Key 

model parameters relating to patient characteristics and hospital configuration 

are based on the COMBACTE-CDI study datasets (presented in 5.3.5.1). The 

following subsections describe the other data sources used to parameterise the 

model (see 5.3.5.2-5.3.5.7).  

5.3.5.1 COMBACTE-CDI study datasets 

COMBACTE-CDI was a multicentre European-wide epidemiological study 

assessing the impact of CDI on patients’ health and clinical practice across 119 

healthcare sites from 12 European countries, conducted from 2018 to 202119 

(244). Full details on the COMBACTE-CDI trial are available in previous 

publications (244, 253). Access to COMBACTE-CDI data for the purpose of this 

thesis was granted by signing an assignment of intellectual property rights form 

to the University of Leeds (see Appendix L). 

In particular, UK-individual patient data (IPD) from the COMBACTE-CDI case 

report form (CRF) dataset (n= 180 patients from 23 UK sites) was used to inform 

model parameters relating to patient characteristics (e.g. disease severity, 

symptoms duration, hospital LOS). This dataset contains anonymised individual 

patient data on: (i) demographics; (ii) admission history (e.g. reason for hospital 

admission, previous treatments received); (iii) laboratory testing (e.g. information 

on testing for any GI pathogens in advance to CDI testing, CDI diagnosis); (iv) 

clinical information (e.g. comorbidities, disease severity for CDI,  diarrhoea 

duration); (v) drug history; (vi) CDI treatment escalation; (vii) surgery and GI 

interventions; and (viii) health outcomes (e.g. hospital discharge, re-admission, 

death).  

Parametric survival analysis was conducted to determine appropriate 

distributions for time-to-event data in the model (i.e. duration of symptoms for CDI 

positive and negative patients, and hospital LOS). For each of these variables, 

different parametric models (Normal, Lognormal, Exponential, Gamma and 

Weibull) were fitted to the UK-based COMBACTE CDI IPD data using the R 

‘fitdistrplus’ package (288). Based on a maximum likelihood estimation (MLE) 

 
19 Samples were collected only between 2018 and 2019. 
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process, the optimal fitting distribution for each variable was chosen based on: (i) 

an analysis of the Akaike Information Criterion (AIC) and Bayesian Information 

Criterion (BIC) metrics (the distribution with the lowest AIC and BIC values 

indicating the parameterisation with the optimal statistical fit to the data); (ii) an 

analysis of key summary statistics produced from the various parameterisations 

(i.e. mean, median, inter-quartile range, standard deviation [SD], and maximum 

values); and (iii) visual inspection of the goodness of fit of the different parametric 

models against the observed patient data (288). For more information see 

Appendix N.  

In addition, UK-specific summary data from a European-wide survey part of 

COMBACTE-CDI study was used to inform key model parameters related to 

hospital configuration (e.g. numbers of samples run and single rooms available). 

This survey was sent out to community and hospital sites (n=158) across 12 

European countries to assess current clinical practices for CDI patients and CDI 

costs (289). This dataset contains anonymised information on: (i) participating 

site information (e.g. type of healthcare facility, number of samples tested 

annually, bed capacity); (ii) disease detection, notification and management (e.g. 

adherence to clinical guidelines, reasons to exclude certain patient subgroups 

from testing for CDI, adherence to contact precautions); (iii) testing procedures 

(e.g. which tests for CDI are available, time to receive sample to the laboratory); 

(iv) surveillance practices (e.g. participation in international and/or national CDI 

surveillance schemes); (v) treatment policies and procedures (e.g. adherence to 

clinical guidelines, treatment options sorted by disease severity, administration of 

empirical treatment); and (vi) associated costs (e.g. average cost per single room 

isolation, testing costs, infection-control costs). 
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Parameter 
Estimate 
(SD) 

Distribution 
type 

Data source 

Disease-related parameters 

CDI disease prevalence 10.342% Probability 

profile20 

(265) 

Other GI pathogens prevalence 13.801% Probability profile (265) 

CDI patients with mild symptoms  39% Probability profile COMBACTE-CDI CRF 
dataset 

CDI patients with moderate symptoms  33% Probability profile COMBACTE-CDI CRF 
dataset  

CDI patients with severe symptoms  27% Probability profile COMBACTE-CDI CRF 
dataset 

Length of stay CDI negative patients (days) 28.6 (38.51) Weibull COMBACTE-CDI CRF 
dataset  

Duration diarrhoea after sampling CDI negative 
patients (days) 

7.041 (11.98) Weibull COMBACTE-CDI CRF 
dataset  

Duration diarrhoea after sampling CDI positive 
patients (days) 

12.27 (26.04) Weibull COMBACTE-CDI CRF 
dataset  

UK-England utility weight general population aged 
55-64  

0.819 Fixed (291) 

UK utility weight adult hospitalised patient with first 
episode of CDI 

0.42 Fixed (195) 

Decrement utility weight due to inappropriate 
antibiotic treatment 

0.10 Fixed Assumption 

Duration CDI disease  10-14 days Fixed (265, 292) 

Duration CDI clinical management 30 days Fixed (260, 266) 

Reproductive ratio for CDI (median) 1.04 Fixed (293) 

Probability of clinical cure – slow diagnosis 85.3% Probability profile (260) 

Probability of clinical cure – average diagnosis 90.7% Probability profile (260) 

Probability of clinical cure – rapid diagnosis 95.6% Probability profile (260) 

Length of stay CDI positive patients – slow diagnosis 
(mean days) 

30.3 (36.3) Weibull (260) 

Length of stay CDI positive patients – average 
diagnosis (mean days) 

26.9 (28.9) Weibull (260) 

Length of stay CDI positive patients – rapid 
diagnosis (mean days) 

23.2 (25.4) Weibull (260) 

Diagnostic accuracy 

GDH EIA sensitivity  94% Fixed (222) 

GDH EIA specificity  94% Fixed (222) 

PCR sensitivity  95% Fixed (222) 

PCR specificity  98% Fixed (222) 

CCNA sensitivity  86.4% Fixed (231, 294) 

CCNA specificity  99.2% Fixed (231, 294) 

Multiplex GI panel testing sensitivity  100% Fixed Assumption 

Multiplex GI panel testing specificity 100% Fixed Assumption 

Testing workflow 

Monthly median stool samples tested in UK 
Teaching Hospitals (n) 

1430.5 (689) Fixed COMBACTE-CDI survey  

Proportion of samples tested for CDI only  5%-69% Fixed COMBACTE-CDI survey 

Time to obtain stool sample  0.5 (0-2 day) Triangular (266) 

Time to transport sample to the laboratory  15 min Fixed Assumption 

Techlab C.diff Check GDH EIA operating time 60 minutes Fixed (295) 

Xpert C. difficile BT Cepheid PCR operating time 43 minutes Fixed (296) 

CCNA operating time (day) 1.5 (1-2)  Triangular Expert opinion 

Multiplex GI pathogens panel operating time 43 minutes Fixed Equal to PCR 

Time for preparing sample batch 30 minutes Normal Expert opinion 

Xpert C. difficile BT Cepheid PCR operating time 1 minute Fixed (297) 

Time for preparing CCNA 20 minutes Fixed Expert opinion 
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5.3.5.2 Patient characteristics 

Patients entering the model are grouped depending on their infection status for 

CDI and other GI pathogens. CDI disease prevalence is set at 10.342%, whereas 

prevalence for other GI pathogens is equal to 13.801%21 (265). Both estimates 

were based on a clinical effectiveness meta-analysis review conducted in 2015 

alongside a UK-based economic model on testing strategies for patients 

suspected with gastroenteritis (265). This meta-analysis review pooled data from 

two large USA-based studies evaluating the performance of multiplex GI panels 

(n=2,963) (302, 303). 

It was assumed that there was no risk of co-infection between CDI and other GI 

pathogens. If a patient is confirmed to have CDI, they were assumed to be 

negative to other GI pathogens; conversely, if a patient is positive to other GI 

pathogens, they were assumed to be negative to CDI. Based on UK-specific 

COMBACTE-CDI CRF dataset, the expected prevalence of co-infection is 

negligible as only small proportion of patients negative to CDI tested positive to 

other GI pathogens (n=12, 9%); similarly, few confirmed CDI patients appeared 

to be positive to other GI pathogens (n=4, 13%). A similar modelling approach 

was taken by past models on CDI diagnostics which accounted for testing for 

other GI pathogens (265, 266).  

 
20 A probability profile in SIMUL8 is defined as “a type of distribution that sets the 

probability (the percentage change) of a value being sampled from a distribution” 
(290). For example, a probability profile of 10.342% was assigned to the disease 
prevalence of CDI. This means that, within each model run, there is a probability of 
10.342% that each patient entering the hospital has CDI, as opposed to a probability 
of 89.658% of not having CDI.  

21 Other pathogens included: adenovirus, Campylobacter, Cryptosporidium, E.coli, 
Giardia, norovirus, rotavirus, salmonella and shigella (265) 

Time to review positive test results  30 minutes Fixed Expert opinion 

Time to review negative test results  0 minutes Fixed Expert opinion 

Costs 

Cost of bed day in adult isolation £692.83 Fixed (298, 299) 

Cost of bed day in general ward £583 Fixed (298) 

GDH EIA cost per kit £4.84 Fixed (266) 

PCR cost per run  £26.90 Fixed (266) 

CCNA cost £3.74 Fixed (300) 

Multiplex GI panel cost per sample £43.03 Fixed (266) 

Vancomycin 125mg Drug Tariff unit price £132.49 Fixed (301) 

Additional cost per secondary case per day £957.18 Fixed (194) 

Hospital configuration 

Side rooms in typical UK Teaching Hospital (n) 93 N/A COMBACTE-CDI survey  

Table 5-4 Model parameters, related data sources and distribution type 
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Patients with positive result for CDI are further grouped depending on their 

disease severity. European estimates from the COMBACTE-CDI CRF dataset 

informed the proportions of patients with mild, moderate and severe CDI. 

European estimates were selected due to a paucity of UK data on disease 

severity.  

5.3.5.3 Time-to-event variables: duration of symptoms and length of stay  

Patients negative to CDI  

Duration of diarrhoea and length of hospital stay for truly CDI negative patients 

(i.e. TN and FP cases) was informed by UK-specific IPD from the COMBACTE-

CDI CRF dataset (n=180). Truly CDI negative patients were reported to remain 

symptomatic on average up to 7.041 days after sampling (11.98 SD) (n=53) and 

to stay at the hospital around 28.6 days (38.51 SD) (n=68). Based on the 

parametric survival analysis, a Weibull distribution was selected as the best fitting 

distribution for the duration of symptoms and LOS for patients negative to CDI 

parameters (see Appendix N for full details).  

Patients positive to CDI  

UK-specific IPD from COMBACTE-CDI CRF dataset also informed the duration 

of symptoms for truly CDI positive patients (i.e. TP and FN cases), which was 

estimated at 12.27 days on average (24.04 SD) (n=12). Based on the parametric 

survival analysis, a Weibull distribution was applied to the duration of symptoms 

for patients with a positive CDI result parameter (see Appendix N). 

LOS for truly positive CDI patients was based on a prospective time-series study 

conducted in a 750-bed hospital in France (n= 126 patients positive to CDI), which 

evaluated the impact of three testing regimens on the clinical management and 

short-term outcomes for patients with CDI. This study found that receiving rapid 

diagnosis for CDI (approximately 15 hours) had a positive impact on patient 

management while reducing hospital LOS and increasing the probability of being 

clinically cured at the end of the treatment regimen for CDI (260).  

Depending on how quickly patients who tested positive to CDI (i.e. TP cases) 

receive a final diagnosis, a certain hospital LOS and probability of clinical cure at 

day 10 are assumed with rapid testing strategies leading to better short-term 

clinical outcomes compared to slower testing options. Figure 5-6 reports the 

different probabilities of clinical cure at day 10 of treatment regimen for CDI and 
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hospital LOS depending on the time to receive final diagnosis (260). Time cut-off 

points (e.g. 0.5 day, 1.2 day) reflect the mean time-for-return of results across the 

different testing strategies as reported in the prospective time-series study (260). 

It was assumed that patients with a FN result for CDI experienced a LOS equal 

to the LOS patients with a positive CDI result might experience in the context of 

slow diagnosis. This helped to capture the impact of missed diagnosis on 

patients’ hospital LOS. 

Based on the summary data from the prospective time-series study, different 

parameterisations were explored for these variables (Normal, Lognormal, 

Exponential, Gamma and Weibull). The best fitting distribution was selected 

based on an analysis of key summary statistics (mean, median, IQR, SD and 

maximum value). Based on this analysis, a Weibull distribution was applied to the 

LOS variables for patients positive to CDI (see Appendix N).  

Figure 5-6 Probabilities of clinical cure at day 10 of treatment regimen for 
CDI and hospital length of stay (SD), sorted by time-to-final diagnosis. 
Source: Barbut, F. et al. (260). 

5.3.5.4 Hospital configuration 

UK-specific summary data from the COMBACTE-CDI survey informed the total 

number of single rooms available (Table 5-5). In the UK, 8 Teaching Hospitals 

took part in this survey which provides the most comprehensive and up to date 

information on bed capacity and availability of single rooms within the UK. 

Estimates from this dataset were also validated with clinical experts.  

According to the COMBACTE-CDI survey data, UK Teaching Hospitals had an 

average capacity of 279 side rooms. Not all of these single rooms would be used 

for patients suffering with GI symptoms however - some would be used for 

patients with other suspected or confirmed infectious conditions (e.g. acute 

meningitis, severe acute respiratory syndrome) (284). Based on expert opinion, 

it was assumed that one-third of the reported single rooms in the COMBACTE-
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CDI survey would be allocated for patients with suspected diarrhoea. Based on 

this estimate, this model simulated 93 single rooms where patients suspected 

with infectious diarrhoea could be placed22.  

Table 5-5 Single rooms availability in UK Teaching Hospitals (n=8). 
Source: COMBACTE-CDI survey 

 UK Teaching 

Hospitals  

Source 

Mean (n) 278.7 

COMBACTE-

CDI survey 

Standard Deviation 93.8 

Upper bound 95% CI (n) 365.5 

Lower bound 95% CI (n) 192 

Proportion of single rooms allocated for 

patients suspected with infectious 

diarrhoea  

33% Expert opinion 

Single rooms simulated (n) 93 Estimated 

 

5.3.5.5 Inter-arrival time 

The speed at which new patients enter the model was dictated by an assigned 

inter-arrival time. For the purpose of this model, the inter-arrival time should equal 

the expected frequency at which patients develop diarrhoeic symptoms within the 

hospital setting. This estimate was based on the average number of stool 

samples tested in the laboratory over a month from the COMBACTE-CDI (see 

Table 5-6). The observations from this data were highly right-skewed, with the 

mean being greater than the median due to a small number of high outliers in the 

data (n=2). Based on consultations with a clinical expert, the median number of 

samples being tested (for any condition) was considered to better represent the 

workload within a typical UK Teaching Hospital. This estimate (n= 1430) was thus 

applied in the model. 

 
22 The median estimate of single rooms was applied to represent the availability of single 

rooms for a typical UK Teaching Hospital while reducing the variability within the 
results due to outlier observations. This model did not attempt to capture the 
uncertainty variability around the number of available single rooms across the 
participating sites to the COMBACTE-CDI survey.  
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Table 5-6 Monthly average stool samples being tested in UK Teaching 
Hospitals (n=8). Source: COMBACTE CDI survey 

 UK Teaching 

Hospitals 

Source 

Mean 1923 

COMBACTE-CDI 

survey 

Standard Error 688.7 

Median 1430.5 

Standard Deviation 1948.1 

Minimum 70 

Maximum 6239 

Upper CI (95%) 3551 

Lower CI (95%) 294 

 

This data, however, included stool samples being tested for other conditions, not 

only CDI. In addition to the above data, the COMBACTE-CDI survey included a 

question about the proportion of stool samples being tested only for CDI (see 

Table 5-6). Respondents were asked to select from a multiple-choice question 

about the proportion of samples being tested for CDI only on a monthly basis 

(including: ‘less than 30% of samples’, ‘between 30-49%’, ‘between 50-69%’, 

‘between 70-99% or ‘100%’ of samples’). Because of the wording of the question, 

the frequency of the specific values within each range was unknown. As such, 

within each range, a uniform distribution was applied so that each value within 

the range was assumed to be equally likely to occur. In addition, for the first range 

(e.g. 0-30%) a minimum proportion of samples being tested for CDI was set equal 

to 5% to ensure functionality of the simulation. Out of 8 participating UK sites in 

the COMBACTE-CDI survey, the majority reported testing between 30%-49% 

samples for CDI (50%, n=4) or, alternatively, less than 30% of samples (25%, 

n=2). The remaining UK sites would test between 50%-69% of samples for CDI 

only (25%, n=2). This information was combined with the median number of 

samples reported in Table 5-6 to calculate the number of monthly samples tested 

for CDI in the model.  

The monthly number of stool samples tested for CDI only was approximately 

equal to 539. As the monthly demand for stool testing was assumed to be 
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constant and independent from seasonality or other external factors, an 

exponential distribution was selected to calculate the inter-arrival time. In the 

model, the monthly average of stool samples tested for CDI only equates a mean 

inter-arrival time of 35 minutes (meaning that a new symptomatic patient enters 

the model on average every 35 minutes), assuming an exponential distribution. 

Full details on the calculations for these inter-arrival times are included in 

Appendix N.  

5.3.5.6 Features of the LTHT testing pathway for patients suspected with 

CDI 

Diagnostic accuracies for the two-step LTHT testing algorithm (outlined in section 

5.3.3.4.1) were based on published estimates taking TC as the diagnostic 

reference method (222, 231, 294). Due to a lack of data on sequential testing, 

independence between sequential tests was assumed.  

Time to prepare a batch of samples to be tested and to set CCNA was based on 

expert opinion. A Normal distribution was applied to the ‘time for preparing 

sample batch’ variable to account for ± 25% variation from the mean, whereas a 

triangular distribution was applied to the operating time for CCNA based on the 

upper and lower bounds provided by the clinical expert. Manufacturers’ 

instructions for use (295-297) and published literature (222, 304) informed the 

time to set up and processing time for each testing option within the LTHT testing 

algorithm.  

Time to review CDI test results was based on expert opinion. If GDH results are 

negative, the LIMS sends an automatic alert to the clinician in the ward. Similarly, 

in case of PCR negative results, the LIMS automatically alerts the clinician. For 

positive results for CDI (e.g. GDH, PCR, CCNA), a biomedical scientist will review 

the results within 30 minutes – as per expert opinion.     
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5.3.5.7 Multiplex GI testing panel 

The multiplex GI panel, which detects the presence of other GI pathogens in 

patients with negative results for CDI, was assumed to have perfected diagnostic 

accuracy. This simplifying assumption was applied as the focus of this model lied 

in evaluating testing strategies for CDI, rather than other GI pathogens. A similar 

modelling approach was applied in the single economic model from the rapid 

literature review of CDI decision models review which evaluated the cost-

effectiveness of a multiplex GI panel (266).  

Based on expert opinion, one sample per time can be processed by the multiplex 

GI panel on an average time of 43 minutes. Three multiplex GI panels are 

available at LTHT to test samples for other GI pathogens – as per expert opinion 

– hence this number of devices were included in the model.  

5.3.5.8 New secondary cases of CDI 

A reproductive rate of infection spread of 1.04 was applied within the model as a 

baseline value, whereas the minimum (1.99) and maximum (0.52) values of this 

parameter were varied in the univariate sensitivity analysis outlined in Chapter 6. 

This estimate was obtained from an epidemiological model on CDI in-ward 

transmission, which was based on a retrospective cohort study of an outbreak of 

CDI in a USA-based tertiary hospital in 2008 (293). Existing decision models for 

CDI diagnostics have all applied this same reproductive rate of infection spread 

from this epidemiological model (235, 264, 267). No equivalent data in the UK 

context could be identified.  

5.3.5.9 Health-related utility weights 

Health-related utility weights were based on published estimates. Baseline utility 

weights for UK-England general population were obtained from the European 

Quality of Life-5 Dimensions (EQ-5D) index population norm data (291). Health-

related utility weights associated with CDI were based on a prospective patient 

self-assessment of quality of life study conducted with UK adult inpatients with a 

first CDI episode (n=30) (195).  

To account for the impact of receiving unnecessary antibiotic treatment for CDI 

and the marginally worse quality of life upon receipt of a FP diagnosis, a 10% 

reduction in quality of life until discharge compared to TN cases was applied. This 

estimate was based on expert opinion due to a paucity of data.  
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5.3.5.10 Costing estimates 

The modelled costs were based on published data and included testing costs, 

CDI treatment costs, bed costs and additional costs due to secondary infections. 

Costs were inflated to 2021 prices using the Bank of England inflator where 

appropriate (305). 

Testing costs 

Testing costs were based on published estimates from the Newcastle 

Microbiology Laboratory (266), inflated to 2021 from 2017 prices. Testing costs 

included the cost per testing kit and reagents only (266). Labour and 

transportation costs were excluded for the following reasons: (i) transportation 

costs were assumed to be negligible as the model simulated a UK Teaching 

Hospital with the availability of an on-site laboratory for testing (hence no 

transport would be required in this scenario); and (ii) labour costs associated with 

running a POCT and a laboratory-based testing strategy were assumed to be 

equivalent. A similar modelling approach was taken by the NICE-commissioned 

early economic model of COVID-19 POCTs (164). 

CDI treatment costs 

Costs for CDI treatment regimens were taken from the British National Formulary 

(BNF). Patients confirmed with CDI receive oral vancomycin 125mg every 6 

hours for 10 days according to the LTHT clinical practice (283). Every vancomycin 

pack contained 28 capsules. Assuming one patient receive 4 capsules per day 

(24h/6h), one pack with 28 capsules is expected to cover 7 days of treatment per 

patient. For each patient, the total number of CDI treatment days was divided by 

7 to estimate how many vancomycin packs were needed. This estimate was then 

multiplied by the BNF vancomycin 125mg Drug Tariff price equal to £132.49 

(301). A similar costing approach was taken by a UK-based decision model on 

CDI diagnostics (266).  

Bed Costs 

Costs for bed-days in the general ward and isolation rooms were taken from UK-

based decision model of CDI diagnostics (266), based on the NHS Reference 

Costs 2015/2016 (298). This estimate was based on the average costs for 

patients with GI infections without interventions, taken from the elective inpatient 

spreadsheet. To estimate the cost per adult bed day in the isolation ward, an 
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additional cost was added to the cost for bed days in the general ward to account 

for single room isolation (299).  

Additional costs due to secondary infections 

A UK retrospective cohort study estimated the cost per day for first CDI episode 

equal to £836 using micro-costing data from 45 hospitalised patients (194). This 

cost per day was multiplied by the typical duration of clinical management for a 

CDI patient (e.g. 30 days) to calculate the cost of a secondary CDI infection in 

the model (266). 

5.3.6 Model outputs 

The clinical effectiveness of each testing strategy was measured in terms of two 

key outputs: (1) QALY gains; and (2) the number of secondary infections 

prevented. Since CDI is a transient disease, QALYs were estimated by first 

calculating the quality-adjusted life days (QALDs) lost due to CDI, and then 

converting this into QALYs lost (265, 306). The individual QALD lost is estimated 

as follow (306): 

𝑄𝐴𝐿𝐷𝑖  𝑙𝑜𝑠𝑡 =  (𝑢𝑛 − 𝑢𝐶𝐷𝐼) × 𝑡 

where 𝑖 is the individual patient, 𝑢𝑛 is the baseline utility weight for UK general 

population , 𝑢𝐶𝐷𝐼 is the health-related utility weight associated with CDI (195) , 

and 𝑡 is the number of days.  

Truly infected patients who test positive for CDI are assumed to experience 

worsened quality of life for the duration of CDI treatment, and then to recover 

without risk of disease recurrence. Patients receiving a FN test result, meanwhile, 

are not provided with the necessary CDI treatment and are assumed to 

experience lower quality of life for the duration of their whole hospital stay.  

Truly healthy patients who test negative for CDI (i.e. TN cases) experience no 

loss in quality of life due to CDI. Patients receiving a FP test result are 

administered unnecessary antibiotic treatment and are therefore assumed to 

experience an associated quality of life decrement for the duration of their 

treatment regimen. Due to a paucity of data, individuals receiving unnecessary 

CDI treatment in the model were assumed to experience a worsened quality of 

life compared to TN cases (see section 5.3.3.6).  



164 

To account for the new secondary infections, QALDs lost due to secondary cases 

were calculated as:  

𝑄𝐴𝐿𝐷𝑠 𝑙𝑜𝑠𝑡 𝑑𝑢𝑒 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛𝑠

= 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝐶𝐷𝐼 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛𝑠 × [(𝑢𝑛 − 𝑢𝐶𝐷𝐼) × 𝑡𝐶𝐷𝐼] 

where 𝑡𝐶𝐷𝐼 is CDI disease duration which is set to 14 days (292). Total QALDs 

lost comprises: (1) the sum of individual QALDs lost; and (2) the QALDs lost due 

to secondary infections. Total QALDs lost are then converted into QALYs lost by 

dividing by 365 days.  

Finally, to enable standard cost-effectiveness calculations to be undertaken, the 

total QALY lost values were converted to QALY gains using an arbitrary common 

baseline value (in this case, 50) as shown below: 

𝑄𝐴𝐿𝑌 𝑔𝑎𝑖𝑛𝑠 = 50 − 𝑡𝑜𝑡𝑎𝑙 𝑄𝐴𝐿𝑌 𝑙𝑜𝑠𝑡 

Cost-effectiveness outputs of the model were expressed in terms of INMB from 

the UK NHS perspective (i.e. including direct healthcare costs), comparing each 

HT against standard care, using the NICE WTP lower threshold per QALY of 

£20,000. Clinical and cost-effectiveness outputs are calculated at the aggregate 

level – focusing on the total number of patients part of the evaluation set (i.e. 

those entering within the model entry period). The time horizon for the analysis is 

7 months (see section 5.3.7.1 for further detail) and therefore a discount rate of 

0% was applied. 

Details on the evaluation process applied to derive minimum performance 

specifications for the HT based on the model outputs are provided in Chapter 6.  

5.3.7 Model implementation 

The model was implemented in the commercial software SIMUL8 version 

28.0.0.4060 Student edition, and run on a VivoBook ASUS laptop 

X571GT_F571GT with a 2.60 GDHz Intel ® Core ™ i7 processor and 16 GB of 

memory under Microsoft Windows 10 Home (build 19,043). Total model run time 

was 20 minutes for HT testing strategy and 40 minutes for LTHT testing strategy. 

The model runs from 9am to 7pm (10 hours = 600 minutes in SIMUL8) for 5 days 

each week (Monday to Friday). Simulated time within the model progresses 

according to the next time-to-event progression mechanism.  
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The starting conditions of the model are first outlined (see section 5.3.7.1), 

followed by an overview of how the uncertainty was handled in the model (section 

5.3.7.2).  

5.3.7.1 Model initialisation 

A warm-up period of 45 days (i.e. nine weeks) was applied in the model, to 

appropriately capture ongoing capacity constraints. Starting with the model ‘cold’ 

(i.e. all single rooms available and no patients in the system) would overestimate 

the hospital’s capacity to test and isolate patients; simulating a warm-up period 

therefore helps to appropriately capture the steady-state capacity constraints 

patients face upon entering a busy hospital. In addition, all analyses were based 

on running 70 model replications (i.e. running the model 70 times, with each run 

using a different random number sequence). This approach ensures that the 

impact of first-order uncertainty on the model results is appropriately accounted 

for. 

The warm-up period and replication number were set to values sufficient to 

provide stable outputs for the number of secondary infections within the general 

ward. As per good modelling practices for DES models (307), the warm-up period 

and model replication number were set to ensure a less than 1% difference 

observed between output values across increasing model replications.  

Upon completion of the warm-up period, each model replication runs for a time 

horizon of 7 months (i.e. the results collection period). The model records outputs 

for every patient that enters the hospital during the model entry period, which is 

set equal to 60-days (two months) following the end of the warm-up period. 

Extending the results collection period to 7 months ensures that every patient 

within the model evaluation set (i.e. those entering within the model entry period) 

can have their full experience of the clinical pathway simulated. Whilst clinical 

management of CDI patients within the hospital usually lasts approximately up to 

one month (260, 266), a proportion of patients experience extended hospital 

stays (as reflected in the right-skewed tails of the LOS distributions applied in the 

model). A seven-month extended results collection period was therefore required 

to ensure outputs for patients entering during the model entry period were 

captured. Whilst additional patients were allowed to enter the model after the 

model entry period (to continue to simulate the busy hospital environment), only 

results for those patients who entered the model during the model entry period 
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were recorded. Figure 5-7 provides a schematic of the timeline for the model 

analysis. Details on the model analysis and estimation of required warm-up 

period and number of model replications are included in Appendix O. 

Figure 5-7 Relevant time points for model analysis 

 

5.3.7.2 Handling uncertainty 

Although the model presented in section 5.3 is deterministic, first-order 

uncertainty was captured by running different iterations of the model 70 times – 

with each run using a different random number sequence. The example below 

highlights the importance of minimising first-order uncertainty of an event 

probability.  

Patients entering the model are assigned a probability of having CDI which has 

a fixed mean value attributed to it (i.e. 10.342%). At the arrival of each new patient 

however, the DES modelling technique samples a random number from a uniform 

distribution (i.e. ‘throws the dice’), compares that random number to the assigned 

mean probability (0.10342) and uses this to determine whether a certain 

individual in the model has CDI or not. For example, assuming a random number 

of 0.10, this value is below the probability of having CDI (0.10342) and therefore 

the patient will be classed as having CDI. The opposite is true if the random 

number exceeds the probability of having CDI. Although the overall likelihood that 

a patient has CDI is set of a fixed mean, there is a first-order uncertainty 

introduced at the individual patient level (i.e. the fact that SIMUL8 ‘throws the 

dice’ at each patient’s arrival), which in part determines whether or not they are 

truly with CDI or not. In no-constraints DES models (e.g. with no limit on number 

of single beds), simulating a large number of patients entering the hospital will 

estimate on average the true number of CDI positive patients which, in turn, 
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eliminates this issue. As such, in order to reduce the impact of this uncertainty 

within constrained-DES models, sufficient model iterations need to be run, using 

different random number sequences for each run of the model.   

Since a PSA was not conducted as part of the model analysis, second-order 

uncertainty23 was not accounted for. Conducting a PSA for each possible value 

of diagnostic accuracy and test turnaround time within the analysis would have 

significantly increased the computational burden and extended the model running 

time. Extensive sensitivity and scenario analyses were instead conducted to 

explore the uncertainty around key parameters and clinical assumptions and its 

impact on model outcomes (see Chapter 6 for more details).  

 
23 Second-order uncertainty is also referred as parameter uncertainty – defined as “the 

uncertainty in the estimation of the parameter of interest” (280). The impact of 
parameter uncertainty can be estimated by deterministic sensitivity analysis, or 
preferably, by running a PSA (280).  
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5.3.8 Model validation 

The model structure and parameters underwent extensive validation, including: 

• face validity – consultations with clinical experts ensured validity of the 

conceptual model and its input data; 

• internal validity – the model was checked for any errors in coding by 

running extreme sets of parameters values (extreme value testing), 

replacing distributions with a constant number, and tracking patients 

through the model to assess whether the coding logic was correct (testing 

of traces). Model coding was also internally reviewed by an expert 

modeller within the Academic Unit of Health Economics, University of 

Leeds.  

• operational validity – marginal and extreme changes to baseline 

parameters values were explored to assess: (i) how model parameters and 

structural assumptions affect the model outputs; and (ii) whether the model 

outputs would follow the expected trajectory following changes in 

parameters and structural assumptions. This validation exercise is 

described in the section 5.3.8.1 below.  

5.3.8.1 Operational validation 

Figure 5-8 gives a simplified schematic of the mechanisms by which model 

parameters and structural scenarios have an impact on model outputs. The 

following sections describe how the availability of single rooms, new secondary 

cases and total QALY lost due to CDI vary depending on changes of model 

parameter or structural assumptions.   
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Figure 5-8 Simplified schematic of the impact of model parameters and structural scenarios on clinical- and cost-effectiveness 
outputs. Disease- and testing-workflow-related parameters are associated with red and blue colourings, respectively. Sections 
highlighted in green and orange are associated with cost parameters and structural scenarios, respectively. Sections with an 
asterisk (*) are dependent on the size of the hospital being simulated  
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5.3.8.1.1 Availability of single rooms 

In addition to the two mechanisms via which testing strategies are assumed to 

have an impact on the clinical workflow (i.e. turnaround time and diagnostic 

accuracy – discussed in section 5.3.3.4.2), the availability of single rooms is also 

dependent on the model parameters and structural assumptions, including:  

• disease prevalence for CDI – in the context of higher disease 

prevalence, more confirmed CDI patients would require single room 

isolation until the end of their hospital LOS; 

• disease prevalence for other GI pathogens – following a higher disease 

prevalence of other GI pathogens, more patients remain in single room 

isolation upon receipt of positive test result for infectious diarrhoea related 

to GI pathogens; 

• duration of symptoms for patients negative to CDI – with longer 

duration of symptoms, patients confirmed with other GI pathogens occupy 

single rooms for longer; 

• slow test turnaround time – the longer it takes for patients to receive 

test results for confirmation of infectious diarrhoea, the less rapidly 

patients are released from single room isolation. Slow test turnaround 

time can result from: (i) delays in obtaining the stool samples from 

patients; (ii) longer time to transport samples to the laboratory – especially 

in the context of hospitals using an off-site laboratory; (iii) more samples 

being tested for CDI and other GI pathogens; (iv) fewer multiplex GI 

panels available to rule out infectious diarrhoea due to other GI 

pathogens; and (v) extended operating times for each testing option; 

• de-escalation protocol for patients confirmed with CDI – if clinicians 

decide to release patients positive to CDI from single room isolation at the 

end of the hospital LOS (as per LTHT practice), rather than after 48 hours 

from resolution of symptoms (i.e. as per UK clinical guidelines and the 

most common survey findings [see Chapter 4]), the availability of single 

rooms is reduced.  

In the context of a reduced availability of single rooms, more secondary cases for 

CDI remain in the general ward.  
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5.3.8.1.2 New secondary CDI cases 

The reproductive ratio for CDI also has a direct impact on the number of new 

secondary cases for CDI in the general ward. An upper value for R0 increases 

the number of confirmed cases due to one confirmed infected case in the general 

ward.   

In the context of a shortage of single rooms, more patients confirmed with CDI 

remain in the general ward, thereby increasing the number of new secondary 

cases. This also increases the total healthcare costs and reduces the total QALY 

gains, leading to lower INMB for HT compared to LTHT testing strategy. 

5.3.8.1.3 Total QALY loss due to CDI  

In addition to the impact of diagnostic accuracy and test turnaround time, 

fluctuations in the total individual QALYs lost due to CDI vary depending on 

changes in the following factors: (a) number of patients who truly have CDI; (b) 

number of FP patients; (c) number of FN patients; (d) LOS for patients positive to 

CDI; and (e) health-related utility weights for CDI. Several factors can increase 

the total individual QALYs lost, including: 

• disease prevalence for CDI – in the context of a higher disease 

prevalence, more patients truly infected with CDI would experience a 

worsen quality of life due to having CDI;  

• health-related utility weights for CDI patients – following a lower utility 

weight for CDI, patients confirmed with CDI experience a worsened quality 

of life compared to baseline. Similarly, having a higher decrement for 

unnecessary antibiotics for CDI leads FP patients to experience a 

worsened quality of life compared to a TN patient. 

Upon an increase of total individual QALY lost, the total QALY gains for HT 

compared to LTHT testing strategy are lower thereby reducing the INMB 

associated with the HT.   
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5.4 Chapter summary 

• This chapter presented the development of a de novo early economic 

model for a hypothetical rapid test for CDI.  

• A rapid literature review of decision models evaluating the cost-

effectiveness of diagnostic tests for CDI was first conducted to identify 

common modelling approaches and facilitate a critical appraisal of the 

existing models. Across the included studies (n=8), common 

methodological limitations were found, including: (i) a failure to capture the 

relevant events patients experience as part of the clinical pathway for CDI; 

and (ii) a weak evidence base in relation to the health-related utility weights 

for CDI. Furthermore, the majority of models failed to capture capacity 

considerations and key operational processes when evaluating the cost-

effectiveness of CDI diagnostics; 

• A validated de novo DES model was developed in SIMUL8 to map the flow 

of patients presenting with CDI symptoms through the hospital setting, 

accounting for the constrained availability of isolation rooms.  Model 

parameters were informed by UK-specific data from COMBACTE-CDI 

study, literature sources, and expert opinion where necessary. 

• The model compares a ward-based hypothetical POCT test detecting 

toxins in stools, against the two-step testing algorithm currently run at 

LTHT. For each testing strategy, the model recorded QALY gains and the 

number of secondary CDI infections in the general ward. Cost-

effectiveness outputs of the model were expressed in terms of INMB. 

 

In the following chapter (Chapter 6), the de novo model is analysed to facilitate 

the identifications of the minimum performance specifications for the HT, based 

on clinical and cost-effectiveness outputs. A detailed overview of the analysis 

approach and results is presented in Chapter 6.  
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Chapter 6  

Early economic model for a new hypothetical rapid diagnostic 

test for CDI – analysis and results  

6.1 Chapter outline 

The previous chapter presented the structure, development, parameterisation 

and implementation of the early economic model evaluating the cost-

effectiveness of a hypothetical rapid test for CDI compared to the standard care 

testing strategy at LTHT. This chapter outlines the model analysis (see section 

6.2), which is divided into three phases: (1) a novel three-stage pragmatic 

framework to back-calculate minimum performance specifications for: (i) 

diagnostic sensitivity, (ii) diagnostic specificity, (iii) test turnaround-time, and (iv) 

maximum test cost based on the modelled clinical- and cost-effectiveness results 

(section 6.2.1); (2) sensitivity and scenario analyses on the clinical and cost-

effectiveness outputs associated with the minimum performance specifications, 

to identify key drivers of impact in the model (section 6.2.2); and (3) sensitivity 

analyses exploring the impact of selected key drivers on the minimum 

performance specification results (section 6.2.3). Results of these analyses are 

presented in section 6.3. The final section of this chapter discusses the key 

findings and limitations of the model (section 6.4).  

6.2 Model analysis  

The goal of the analysis was to identify minimum acceptable performance 

specifications for the HT with respect to: (i) diagnostic sensitivity; (ii) diagnostic 

specificity; (iii) test turnaround time; and (iv) maximum test cost. Using the model, 

the minimum performance specifications were derived based on the simulated 

clinical- and cost-effectiveness outputs. Given the run-time for the model, 

exploring every possible combination of available values for these four variables 

would not be feasible nor useful. The analysis was designed to pragmatically and 

efficiently isolate the minimum acceptable performance specifications for each of 

the aforementioned outcomes of interest, and test the robustness of those results. 

The analysis therefore consists of three consecutive phases, including: 

1. Minimum performance specifications framework – a novel three-stage  

framework (henceforth ‘MPS framework’) was developed to pragmatically 
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identify the expected minimum performance benchmarks for the HT based 

on deterministic clinical- and cost-effectiveness outputs. All other model 

parameters are held at their baseline value at this stage. 

2. identification of key model drivers – deterministic univariate sensitivity 

and scenario analyses were conducted to assess the impact of varying 

each model parameter, and structural scenarios, on the clinical- and cost-

effectiveness outputs of the model associated with the minimum 

performance specifications identified in phase 1. The aim of this phase 

was to identify key drivers of the model outputs which could potentially 

impact on the results from phase 1.  

3. sensitivity analyses on the minimum performance specifications – 

sensitivity analyses were conducted to assess the impact of the top two 

influential model parameters and structural scenarios (identified in phase 

2) on the minimum performance specifications determined in phase 1. 

Results from this phase indicate how the minimum performance 

requirements identified in phase 1 might change depending on different 

values of the model key drivers.  

6.2.1 Phase 1: MPS framework  

A novel three-stage pragmatic framework was developed and applied to identify 

the minimum performance requirements for the HT (compared to LTHT testing 

strategy), based on the incremental clinical and cost-effectiveness model outputs 

(see Figure 6-1). Generalisability of the MPS framework is discussed in Chapter 

7.  

The following sections describe each stage of the MPS framework in detail. 
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Figure 6-1 Three-stage MPS framework used to estimate minimum performance specifications based on cost-effectiveness 
outputs 
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Stage 1: Assessment of clinical effectiveness outputs 

HT was considered to be clinically inferior compared to standard care when: (i) 

HT led to negative incremental QALYs, and (ii) HT increased the number of 

secondary infections. Whilst a technology may be clinically less effective than 

standard care but nevertheless present a cost-effective alternative (e.g. if 

sufficient cost savings are accrued), the exclusion of clinically inferior options in 

this case was considered appropriate given that the HT is not expected to deliver 

substantial cost savings, and clinically inferior strategies would not be expected 

to be acceptable in this context – based on discussions with clinical stakeholders.  

An initial analysis was run to rule out any combinations of diagnostic accuracy 

that resulted in the HT strategy being clinically inferior to the standard care testing 

strategy given a rapid test turnaround time. Diagnostic sensitivity and specificity 

pairs were varied over a pragmatic range, while assuming the quickest test 

turnaround time for detecting toxins in stools (i.e. 15 minutes – as per expert 

opinion). This allows identification of the widest region of diagnostic accuracy 

where the HT is expected to be more clinically effective than standard care, to 

take forward into the next stage of the analysis. At this stage, simulating a longer 

turnaround time for HT is expected to reduce the region of acceptable diagnostic 

accuracy where HT is more clinically effective due to the downstream negative 

impact of receiving a delayed CDI diagnosis – as discussed in Chapter 5.  

Stage 2: Assessment of cost-effectiveness outputs  

In this stage, test turnaround time and the identified acceptable combinations of 

diagnostic accuracy from Stage 1 were varied to assess their joint impact on the 

cost-effectiveness of HT, assuming a zero-test cost for HT (i.e. including CDI 

treatment costs, bed costs and costs related to secondary infections only). For 

each combination of diagnostic accuracy, the INMB of HT (compared to LTHT 

testing strategy) was estimated using the NICE WTP lower threshold (£20,000 

per QALY gained). This was repeated for three different test turnaround time 

values: (i) 15 minutes (considered to be the fastest turnaround time for a POCT 

in this context, based on expert opinion); (ii) 90 minutes (as a mid-point value); 

and (iii) 180 minutes (equal to the current turnaround time for laboratory-based 

PCR).  

At this stage, the aim was to rule out performance levels where the HT was not 

expected to be cost-effective, despite the test itself being costed at zero. This 
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identified combinations of diagnostic accuracy and test turnaround time to be 

excluded, as the decision maker or end-user would have to be paid to use HT in 

these scenarios (i.e. negative unit cost per test).  

Stage 3: Minimum acceptable test specifications and maximum acceptable prices 

For each value of test turnaround time evaluated, the performance specifications 

that resulted in HT being cost-effective were defined based on the results of 

Stage 1 and 2. The ‘minimum’ levels corresponded to the lowest values of 

sensitivity and specificity which maintained a positive clinical benefit (stage 1) 

and cost-effectiveness (stage 2).  

In addition to this, the headroom and threshold unit prices were estimated using 

the NICE WTP threshold of £20,000 per QALY gained for each test turnaround 

time value. Headroom price represents the maximum price for an intervention to 

be cost-effective, assuming that the intervention meets perfect performance 

specifications (in this case, best-case values for diagnostic accuracy). Perfect 

conditions, however, are difficult and/or often impossible to attain. Based on the 

minimum performance specifications for diagnostic accuracy identified from 

stage 2, a maximum price for HT (i.e. threshold price) to be cost-effective was 

estimated for each test turnaround time value. This shows the maximum price 

manufacturers can expect to charge for a new test which meets the performance 

specifications for diagnostic accuracy, bounded from the lowest acceptable level 

of performance up to perfect performance, for a range of test turnaround time 

values.  

6.2.2 Phase 2: Identification of key model drivers  

Minimum performance requirements for new or hypothetical tests may vary 

depending on different values of model parameters or structural factors relating 

to the clinical context. It is not feasible, however, to re-run the MPS framework 

for every possible model parameter value and/or structural scenario. The aim of 

this phase, therefore, was to identify the key drivers of cost-effectiveness 

changes in the model, to inform which parameters and scenarios should be 

prioritised for sensitivity analyses around the primary outcomes in phase 3.  
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Deterministic univariate sensitivity analysis  

Deterministic univariate sensitivity analyses were conducted to explore the 

impact of varying each of the model parameters on the clinical- and cost-

effectiveness outputs. These analyses were run assuming a 15-minute test 

turnaround time, fixing the diagnostic sensitivity and specificity values to the 

minimum performance specifications identified in phase 1, and fixing the test 

price at the threshold value (see section 6.2.1). 

For the remaining model parameters, lower and upper bounds for the parameter 

values were defined. Each sensitivity analysis was then run using 70 model 

replications (using different random number sequences), recording the 

incremental QALY gains, number of secondary cases, incremental costs, and 

INMB at £20,000 WTP per QALY gained. Full details on the lower and upper 

parameter values applied in this analysis are provided in Appendix O. For several 

parameters, lower and upper bounds were taken from a recent economic model 

on CDI diagnostics (266), or from the literature, where available. For the 

remaining parameters, the range of parameter values assessed was based on a 

+/-25% and +/-50% deviation from the baseline parameter value, separately.  

Scenario analyses 

The clinical care pathway for patients suspected with CDI varies across different 

hospitals, as discussed in Chapter 4. Based on consultations with clinical experts 

and results from Chapter 4, key structural variations in the care pathway for 

patients suspected with CDI were identified. Scenario analyses were therefore 

conducted in this phase to explore the impact of key structural differences on the 

modelled outputs. As before, these analyses were conducted assuming that 

sensitivity and specificity equal to the minimum performance specifications at 15-

minutes test turnaround time as derived in phase 1, and fixing the test price at 

the threshold value (see section 6.2.1). Full details on the scenarios explored are 

provided in Appendix O. Scenarios investigated in this phase include: 

S.1 Alternative de-escalation protocol for patients confirmed with CDI - at 

LTHT, patients confirmed with CDI remain in single room isolation until the 

end of their hospital stay. Based on the survey results (Chapter 4) however, 

clinicians in other hospitals de-isolate patients confirmed with CDI 48 hours 

after the resolution of symptoms. This difference in de-escalation practices 

might have an impact on the availability of single rooms.  
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S.2 Increased availability of multiplex GI panels – the quantity of multiplex 

GI molecular platforms available may vary across different clinical settings 

depending on laboratory’s financial constraints and number of stool 

samples being tested. This scenario explored the impact of having an 

additional multiplex GI molecular platform – resulting in a total of four 

multiplex GI molecular platforms being available to detect other GI 

pathogens in patients suspected with CDI.  

S.3 Reduced availability of single rooms  – this scenario simulated the impact 

of HT in a smaller hospital with reduced availability of single rooms 

compared to LTHT. The baseline value of single rooms available (n=93) 

was reduced by 25%, resulting in 70 available single rooms in this scenario.  

S.4 UK District Hospital – compared to UK Teaching Hospitals, UK District 

Hospitals typically have: (i) fewer single rooms (93 single rooms within UK 

Teaching Hospital vs 64 single rooms within UK District Hospital); (ii) fewer 

patients being tested for CDI (1430 monthly average of stools being tested 

within UK Teaching Hospital vs 850 stools within UK District Hospital); and 

(iii) an off-site laboratory (see Appendix O for further details). This scenario 

analysis explored the impact of these differences. 

S.5 Application of second-best distribution to time-to-event parameters 

from parametric survival analysis – this scenario investigated the impact 

of applying a different parametric distribution to the duration of symptoms 

and LOS parameters. For each time-to-event parameter, the second-best 

fitting distribution was selected (see Chapter 5). Key properties of the time-

to-result parameters are summarised in Appendix O.   

S.6 Inclusion of labour costs for running laboratory testing – this scenario 

investigated the impact of including additional labour costs for running 

laboratory-based testing strategies. Since HT is a ward-based POCT, 

additional costs are applied solely to the standard care testing strategy.  

For each scenario analysis, 70 model replications were run recording the 

incremental QALY gains, number of secondary cases, incremental costs and 

INMB at £20,000 WTP per QALY gained. 
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6.2.3 Phase 3: Sensitivity analyses on the minimum performance 

specifications 

Based on the results of the previous phase, sensitivity analyses were run to 

assess the impact of top two most influential model parameters24 (n=2) and 

structural scenarios (n=2) on the minimum performance specifications previously 

identified in phase 1.  

For each of the selected influential model parameter values (e.g. lower and upper 

bounds) and scenarios, deterministic sensitivity and scenario analyses were run 

to assess how the minimum performance specifications (as identified in phase 1) 

would change in response to the change in parameter value/ scenario. Figure 6-

2 presents how the findings of the sensitivity analyses at this phase could be used 

to narratively draw inferences on the expected trajectory of the minimum 

performance test specifications. In the context of parameter values and structural 

scenarios where the marginal benefit of HT was increased (i.e. higher INMB than 

baseline), based on the results of phase 2, the minimum performance 

specifications for HT to maintain clinical- and cost-effectiveness are expected to 

be lower compared to the baseline, while the HT can be priced to a higher 

maximum acceptable price (i.e. headroom and threshold prices) and still be 

considered cost-effective. Conversely, in the context of parameter values and 

structural scenarios which led to a reduced marginal benefit for HT (i.e. lower 

INMB than the baseline), higher minimum performance specifications and lower 

maximum acceptable prices are required for the HT to maintain clinical and cost-

effectiveness, compared to the respective baseline values.   

As before, this analysis was run assuming a 15-minute test turnaround time, and 

fixing the diagnostic sensitivity and specificity equal to the minimum performance 

specifications identified in phase 1, and holding the test price equal to the 

threshold value estimated in phase 1. For each change in parameter 

value/scenario, 70 model replications were run recording the incremental QALY 

gains, number of secondary cases, incremental costs and INMB at £20,000 WTP 

per QALY gained. 

 
24 The top two influential parameters were identified based on the results of the 

deterministic univariate sensitivity analysis using estimates from the literature and 
the +/-25% deviation from the baseline parameter value. The +/-25% range was 
selected as per common practice among economic evaluations.  
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Figure 6-2 Simplified schematic of the narrative inference of the impact of 
changes in model parameter values/scenarios on minimum performance 
specifications for HT based on cost-effectiveness outputs 
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6.3 Results 

This section presents the results from each stage of the MPS framework (see 

section 6.3.1), followed by the results from identification of key model drivers 

(section 6.3.2), including the deterministic univariate sensitivity (section 6.3.2.1) 

and scenario analyses (section 6.3.2.2). Results of the sensitivity analyses on the 

minimum performance specifications are then presented in section 6.3.3.  

Note that results are presented at the aggregate level – focusing on the total 

number of patients part of the evaluation set (i.e. those entering within the model 

entry period) – unless stated otherwise.  

6.3.1 Phase 1: MPS framework 

The following sections describe the results of each of the stages of the MPS 

framework separately.  

6.3.1.1 Stage 1 – Clinical outputs 

At this stage of the analysis, HT was considered to be clinically inferior compared 

to standard care when: (i) HT led to negative incremental QALYs, and (ii) HT 

increased the number of secondary infections - as stated in section 6.2.1.  

Table 6-1 shows the incremental clinical effectiveness for HT at each of the 

diagnostic accuracy combinations explored, assuming a 15-minute turnaround 

time. The lower the diagnostic specificity, the higher the minimum required 

sensitivity for HT to yield a positive clinical benefit. At specificity values of 100%, 

98% and 96%, HT was clinically inferior to standard care for sensitivity values 

below 82%, 90% and 96% respectively; whilst at a specificity level of 94%, all of 

the results were clinically inferior to standard care regardless of the level of 

sensitivity chosen. Based on these results, stage 2 of the analysis focused on 

exploring sensitivity values between 100% and 82%, and specificity values 

between 100% and 96%. 
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Table 6-1 Incremental effectiveness (total QALY gains and number of new secondary cases across patients part of the evaluation 

set for HT compared to LTHT testing strategy at each diagnostic sensitivity and specificity pair with a rapid test turnaround time 

QALY
New secondary 

cases 
QALY

New secondary 

cases 
QALY

New secondary 

cases 
QALY

New secondary 

cases 

100% 0.469 -12 0.314 -6 0.136 1 -0.007 7

98% 0.399 -11 0.247 -5 0.076 2 -0.065 8

96% 0.337 -10 0.183 -4 0.021 3 -0.125 9

94% 0.269 -9 0.117 -3 -0.049 4 -0.192 9

92% 0.205 -7 0.049 -1 -0.108 5 -0.252 10

90% 0.145 -6 -0.005 0 -0.161 6 -0.306 11

88% 0.078 -5 -0.077 1 -0.236 7 -0.382 13

86% 0.006 -4 -0.140 2 -0.299 8 -0.435 13

84% -0.063 -2 -0.206 3 -0.359 9 -0.501 14

82% -0.129 -1 -0.266 4 -0.417 10 -0.564 16

80% -0.191 1 -0.332 6 -0.473 11 -0.625 17

70% -0.519 8 -0.641 12 -0.783 17 -0.921 22

50% -1.194 24 -1.280 26 -1.391 29 -1.518 33

Diagnostic 

sensitivity

15 min test turnaround time (best case value)

Values in italic  format represent the sensitivity specificity pairs at which HT yields lower QALY gains but leads to a lower number of new secondary infections

Values in bold format represent the sensitivity specificity pairs at which HT yields higher QALY gains and leads to a lower number of new secondary infections

The bold black line indicates the threshold at which the diagnostic sensitivity and specificity pairs yield better results on at least one of the clinical outcomes (e.g. 

higher QALY or lower new secondary cases) [i.e. HT is not clinically inferior]. The cell colours provide an indication of where the results lie on the full spectrum 

of the outputs observed: solid green is associated with the highest clinical effectiveness outputs (e.g. higher QALY and/or lower new secondary cases); whilst 

solid red is associated with the lowest clinical effectiveness outputs (e.g. lower QALY and/or higher new secondary cases).

HT strategy

Diagnostic specificity

100% 98% 96% 94%
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6.3.1.2 Stage 2 – Cost-effectiveness outputs 

Table 6-2 reports the incremental cost-effectiveness in terms of INMB results for 

HT compared with LTHT testing strategy assuming 15-, 90- and 180-minute test 

turnaround time scenarios. At this stage, the unit cost for HT was assumed to be 

zero.  

Assuming perfect diagnostic accuracy, the INMB for HT compared with LTHT 

testing strategy was equal to £599,909 when assuming a 15-minute turnaround 

time; £577,982 at a 90-minute turnaround time; and £535,076 at a 180-minute 

turnaround time. This indicates that the INMB decreases the longer it takes to 

receive test results for CDI, while assuming perfect diagnostic sensitivity and 

specificity.  

Once diagnostic specificity was reduced to 96%, the minimum sensitivity for HT 

to remain cost-effective was 96% at a 15-minute turnaround time, and 98% at 

both 90- and 180- minute turnaround time. These results indicate that the region 

of diagnostic sensitivity and specificity where HT is expected to be more clinically 

and cost-effective reduces as the test turnaround time increases. 

Based on the results of stage 1 and 2, for each of the following test turnaround 

time values, the minimum diagnostic accuracy pairs at which HT is both clinically- 

and cost-effective were estimated at:  

• 15-minute turnaround time – 96% diagnostic sensitivity and 96% 

diagnostic specificity; 

• 90-minute turnaround time – 98% diagnostic sensitivity and 96% 

diagnostic specificity; 

• 180-minute turnaround time – 98% diagnostic sensitivity and 96% 

diagnostic specificity.  

Based on these results, the subsequent stage of analysis focused on 

summarising the minimum performance specifications and estimating the 

headroom and threshold unit prices for HT to be cost-effective, sorted by test 

turnaround time value.
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Table 6-2 INMB for HT compared to LTHT testing strategy at each sensitivity specificity pair assuming zero test cost for HT, 

sorted by test turnaround time values (15, 90, 180 minutes) 

15 min 90 min 180 min 15 min 90 min 180 min 15 min 90 min 180 min

100% £599,909 £577,982 £535,076 £369,939 £319,596 £303,845 £106,146 £90,087 £49,603

98% £542,445 £514,831 £485,013 £326,192 £289,570 £271,645 £73,285 £47,207 £9,380

96% £505,136 £496,729 £453,465 £286,989 £243,111 £228,143 £48,042 £3,652 -£18,645

94% £468,668 £449,998 £410,489 £252,306 £214,197 £183,851 £3,075 -£36,668 -£49,023

92% £422,843 £392,997 £380,708 £194,617 £169,993 £147,554 -£35,615 -£68,601 -£92,634

90% £377,578 £362,764 £339,100 £162,391 £134,103 £111,918 -£69,659 -£103,348 -£128,604

88% £344,772 £321,287 £312,854 £120,459 £89,531 £83,482 -£112,850 -£145,998 -£165,433

86% £293,759 £273,130 £268,902 £81,951 £49,682 £47,261 -£146,585 -£183,775 -£192,265

84% £247,124 £235,436 £219,646 £36,798 £9,792 £1,202 -£176,460 -£211,350 -£236,039

82% £196,151 £187,982 £170,778 -£1,929 -£20,368 -£36,192 -£213,339 -£243,500 -£269,093

HT strategy

Diagnostic specificity

100% 98% 96%

Test turnaround time

Diagnostic 

sensitivity

WTP £20,000 per QALY gained

Values in bold format represent the sensitivity specificity pairs at which HT yields higher QALY gains, leads to a lower number of new secondary 

infections and is more cost-effective

Values in italic  format represent the sensitivity specificity pairs at which HT yields lower QALY gains, but leads to a lower number of new secondary 

infections and is more cost-effective

The bold black line indicates the threshold at which the diagnostic sensitivity and specificity pairs yield better clinical outputs on at least one of the 

clinical outcomes (e.g. higher QALY or lower new secondary cases) [i.e. HT is not clinically inferior] and HT is more cost-effective - sorted by test 

turnaround time values. The dotted black line indicates the threshold at which the diagnostic sensitivity and specificity pairs yield worse clinical 

outputs on at least one of the clinical outcomes [i.e. HT is clinically infectior] but maintain cost-effectiveness - sorted by test turnaround time 

values.The cell colours provide an indication of where the results lie on the full spectrum of the outputs observed: solid green is associated with the 

highest cost-effectiveness outputs (e.g. higher INMB); whilst solid red is associated with the lowest cost-effectiveness outputs (e.g. lower INMB)

Values in underline format represent the sensitivity specificity pairs at which HT is clinically inferior [i.e. QALY and/or more new secondary cases] 

but maintains cost-effectiveness
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6.3.1.3  Stage 3 – Minimum test performance specifications and maximum 

acceptable prices 

15 minutes 90 minutes 180 minutes

Minimum diagnostic sensitivity 96% 98% 98%

Minimum diagnostic specificity 96% 96% 96%

Headroom unit price [assuming optimal 

diagnostic accuracy] at WTP £20,000 per 

QALY gained

£554.36 £534.09 £494.45

Threshold unit price [assuming minimal 

diagnostic accuracy] at WTP £20,000 per 

QALY gained

£44.39 £43.62 £8.67

Test turnaround time

Minimum performance specifications and maximum acceptable unit price at 90 and 180 minutes 

turnaround time are compared against minimum performance specifications and maximum unit 

price at 15-minutes turnaround time (baseline value). A grey up arrow is associated with higher 

minimum performance specification and maximum unit costs compared to results at 15-minutes 

turnaround time. A yellow bar is associated with minimum performance specifications and 

maximum unit cost at 90 and 180 turnaround time equal to the respective results at 15-minutes 

turnaround time. A red down arrow is associated with lower minimum performance specifications 

and lower maximum costs at 90 and 180 minutes turnaround time.
 

Table 6-3 Minimum performance specifications for HT and maximum 
acceptable prices at each test turnaround time value 

 

Based on the presented results for stages 1-3, Table 6-3 reports the minimum 

performance requirements and maximum acceptable prices associated with the 

HT in order to achieve cost-effectiveness, for the three test turnaround times 

evaluated. At a 15-minute turnaround time, the minimum diagnostic sensitivity 

and specificity were both 96%. If we consider the results at 15 minutes as a base 

case scenario, the lowest minimum sensitivity and specificity which maintained 

cost-effectiveness increased the longer it took to get test results back. In the 

context of a test turnaround time of 90 and 180 minutes, the minimum sensitivity 

for HT to be cost-effective was 98%, whereas the minimum specificity remained 

96%. Table 6-3 indicates that a test with slower turnaround time requires a higher 

sensitivity to maintain a positive clinical benefit and cost-effectiveness compared 

to standard care, while holding constant a minimum specificity of 96%.  

The maximum unit cost for HT to be cost-effective, however, decreased as test 

turnaround time increased due to a reduction in clinical effectiveness and higher 

healthcare costs. At a 15-minute test turnaround time, HT can be priced up to 

£544.36 assuming perfect diagnostic accuracy (i.e. the headroom price) and still 
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be cost-effective at a WTP threshold of £20,000. When diagnostic sensitivity and 

specificity were reduced to 96% and 96% (the minimum performance 

requirements at 15-minute test turnaround time identified in stage 2), the 

maximum price for HT whilst maintaining cost-effectiveness (i.e. the threshold 

price) was approximately £44.39 at a £20,000 WTP threshold.  

Assuming a 90-minute turnaround time, the headroom price for a perfectly 

accurate HT was £534.09 using a WTP threshold of £20,000. If diagnostic 

sensitivity and specificity were set to their minimum value identified in stage 2 

(98% sensitivity, 96% specificity), the maximum price of HT maintaining cost-

effectiveness (i.e. the threshold price) was £43.62 at a £20,000 WTP threshold. 

At a 180-minute turnaround time and perfect diagnostic accuracy, the headroom 

price for HT to be cost-effective was £494.45; once diagnostic accuracy was 

reduced to its minimally acceptable value (sensitivity 98%, specificity 96%), HT 

can be priced up to £8.67 and remain cost-effective at a £20,000 WTP threshold.   

6.3.2 Phase 2: Identification of key model drivers  

Under the minimum performance specifications at a 15-minute test turnaround 

time, HT was clinically more effective compared to the LTHT testing strategy, 

leading to 0.0205 total incremental QALY gains, despite yielding 3 additional 

secondary cases of CDI in the general ward25. Marginally fewer patients were 

moved into single rooms comparing HT with minimum performance specifications 

at 15-minute turnaround time and LTHT testing strategy, whereas more patients 

were placed in general ward under HT compared to LTHT testing strategy. In this 

context, 57.95% and 39.70% of patients were placed in single rooms and general 

ward under the HT testing strategy with minimal performance specifications, 

respectively, as opposed to 59.39% and 38.70% being placed in single rooms 

and general ward under the LTHT testing strategy, respectively.  

 
25 Despite HT leading to more secondary cases compared to LTHT testing strategy, at 

15-minutes turnaround time HT yielded QALY gains as faster testing strategies 
improved short-term patient health (e.g. higher probability of clinical cure, shorter 
LOS) to a greater extent compared to testing strategies with slower turnaround time. 
The higher individual QALY gains associated with faster test turnaround time offset 
the reduction in QALY gains associated with an increased infection spread. 
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Applying the threshold testing unit cost (i.e. £44.39), HT was less 

expensive compared to the LTHT testing strategy, leading to an increase 

in total costs of £410. This, in turn, led to an INMB of £0 per QALY gained 

at a WTP threshold of £20,000 per QALY gained. 
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Table 6-4 summarises the incremental clinical- and cost-effectiveness outputs 

associated with the minimum performance specifications for HT compared to 

LTHT testing strategy at 15-minutes turnaround time.  

This section presents the results of the deterministic univariate sensitivity analysis 

(see section 0), and scenario analysis (section 6.3.2.2) on the cost-effectiveness 

outputs associated with the minimum performance specifications for HT at a 15-

minute turnaround time compared to LTHT testing strategy. Specifically, these 

analyses assume an optimal test turnaround time of 15 minutes, the minimum 

values of diagnostic sensitivity (96%) and specificity (96%), and the threshold 

price of the test (£44.39) identified in section 6.3.1.3. 
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Table 6-4 Capacity constraints-related outputs, new secondary cases of CDI, total and per patient QALY gains, total and per 
patient costs at baseline for each testing option being evaluated, and incremental differences between HT meeting the minimum 
performance specifications at 15-minutes turnaround time and LTHT testing strategy 

 HT – perfect diagnostic 

accuracy at 15-minutes 

turnaround time 

HT – minimum performance 

specifications at 15-minutes 

turnaround time 

LTHT testing strategy 
Incremental difference  

(HT – LTHT testing strategy) 

Number of occasions a 
single room was needed 

and was not available (%)
26 

480 (31.46%) 591 (41.36%) 586 (40.79%) 5 (0.57%) 

Percentage of patients 

placed in single rooms
26 

67.99% 57.95% 59.39% -1.44% 

Percentage of patients 

placed in cohort bays
26 

1.66% 2.35% 1.91% 0.44% 

Percentage of patients 

placed in general ward
26 

30.35% 39.70% 38.70% 1% 

New secondary cases of 
CDI 

28.46 43.79 40.87 3 

Total QALY gains 48.07582 47.62755 47.60704 0.0205 

Per patient QALY gains26 0.08919 0.08836 0.08832 0.00004 

Total costs £17,032,005 £17,574,907 £17,574,496 £410 

Per patient costs
26 £31,599 £32,607 £32,606 £1 

INMB at £20,000 QALY gained £0 

 
26 Across 70 model replications, the size of the cohort entering the model on average 539 patients. 
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6.3.2.1 Deterministic univariate sensitivity analysis 

Figure 6-3 presents the results of the deterministic univariate sensitivity analysis 

for the most influential model parameters using estimates from the literature and 

the +/- 25% deviation from baseline values (see Appendix O for full results). 

Based on these results, the top three most influential drivers of changes in cost-

effectiveness for HT compared to LTHT testing strategy were: (1) operating time 

for multiplex GI panel; (2) LOS for patients positive to CDI receiving test results 

under slow time-to-diagnosis; and (3) disease prevalence for CDI.  

The operating time for multiplex GI panel was the biggest driver of changes in 

cost-effectiveness, causing the INMB of the HT strategy to vary between 

£255,620 and -£1,093,096 at the parameter’s lower and upper bound (range 

£1,348,716), respectively. In the context of a longer operating time for multiplex 

GI panels, both testing strategies yielded more new secondary cases in the 

general ward and lower QALY gains compared to baseline values. The HT 

strategy, however, yielded worse incremental clinical outputs (i.e. more new 

secondary cases, lower QALY gains) compared to the baseline results.  

In addition, varying the LOS for patients positive to CDI under slow time-to-

diagnosis (i.e. equal or greater to 1.2 days) resulted in a fluctuation of the INMB 

of £959,857 (-£455,274 and £504,583 INMB at the lower and upper bound, 

respectively); whilst changes in the LOS for patients confirmed with CDI under 

rapid time-to-diagnosis (i.e. equal or shorter than 0.5 day) led to a INMB 

fluctuation of £666,371 (£317,000 and -£349,372 at the lower and upper bound, 

respectively). In the context of an extended LOS under slow time-to-diagnosis, 

HT yielded better incremental clinical outputs (i.e. fewer new secondary cases, 

higher QALY gains) over the LTHT testing strategy compared to the baseline 

results.  

Disease prevalence of CDI was the third most influential parameter causing the 

INMB to vary by £885,093 (-£139,029 and £746,064 INMB at lower and upper 

value of disease prevalence of CDI, respectively). In the context of a higher 

disease prevalence, more confirmed CDI patients would require single room 

isolation until the end of their hospital stay, thereby increasing the risk of infection 

spread within the general ward; while more patients truly infected with CDI would 

experience a worsened quality of life due to CDI.  
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Based on the results of the deterministic univariate sensitivity analysis using 

estimates from the literature and +/- 50% deviation from baseline values, the top 

three parameters having the greatest impact on the cost-effectiveness outputs 

for HT compared to LTHT testing strategy were:  

1. LOS for patients positive to CDI receiving test results under slow 

time-to-diagnosis – causing the INMB of the HT strategy to vary between 

-£845,650 and £996,568 at the parameter’s lower and upper bound (range 

£1,842,218), respectively. 

2. Disease prevalence for CDI – resulting in a fluctuation of the INMB of 

£1,585,739 (-£139,029 and £1,446,710 INMB at the lower and upper 

bound, respectively). 

3. LOS for patients positive to CDI receiving test results under rapid 

time-to-diagnosis – leading to a INMB fluctuation of £1,540,127 

(£603,949 and -£936,178 at the lower and upper bound, respectively). 
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Figure 6-3 Tornado plot showing the results of the deterministic univariate sensitivity analysis for the most influential model 
parameters using estimates from the literature and the +/- 25% deviation from baseline values. Results are expressed in terms of 
INMB at £20,0000 per QALY gained. INMB at baseline is equal to £0 and reflects the cost-effectiveness output associated with the 
minimum performance specifications for HT at 15-minutes turnaround time 
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6.3.2.2 Scenario analysis 

Scenario analyses were conducted to assess the impact of structural aspects of 

the clinical pathway on the clinical and cost-effectiveness outputs associated with 

the minimum performance benchmarks for HT estimated using the MPS 

framework (see section 6.3.1.3).  

Table 6-5 presents the results of the scenario analysis compared to baseline 

results. Simulating a typical UK District Hospital (S4) and increasing the 

availability of multiplex GI panels (S2) were found to have the greatest impact on 

the cost-effectiveness outputs associated with the minimum performance 

specifications for HT at 15-minute turnaround time.  

The following subsections describe the impact of each structural scenario on 

clinical- and cost-effectiveness outputs associated with the minimum 

performance specifications at 15-minute turnaround time, separately. 
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Table 6-5 Total new secondary cases of CDI, incremental QALY gains, incremental costs (across cross patients part of the 
evaluation set, INMB between HT meeting the minimum performance specifications at 15-minutes turnaround time and LTHT 
testing strategy for each structural scenario being explored. Scenarios highlighted in orange have the greatest impact on the 
cost-effectiveness outputs associated with the minimum performance specifications for HT at baseline. 

HT strategy
LTHT testing 

strategy
 HT strategy

LTHT testing 

strategy
 HT strategy

LTHT testing 

strategy


Baseline results 44 41 3 47.63 47.61 0.02 £17,574,907 £17,574,496 £410 £0

S.1 - Alternative de-

escalation protocol for 

patients confirmed with CDI

22 20 2 47.96376 47.91891 0.04 £16,965,926 £16,968,019 -£2,093 £2,990

S.2 - Increased availability 

of multiplex GI panels
37 36 1 47.90054 47.80508 0.10 £17,090,958 £17,239,846 -£148,887 £150,796

S.3 - Reduced availability of 

single rooms in a Teaching 

Hospital

56 53 3 47.44005 47.41238 0.03 £17,843,338 £17,848,614 -£5,276 £5,829

S.4 - District Hospital 14 15 -1 48.8649 48.73309 0.13 £9,845,706 £9,996,969 -£151,263 £153,899

S.5 - Second-best 

parametric distribution for 

time-to-event patient 

parameters

36 34 2 47.74101 47.68916 0.05 £17,973,201 18122094.1 -£148,893 £149,930

S.6 - Inclusion of labour 

costs for running laboratory 

testing

44 41 3 47.63 47.61 0.02 17576194.41 17577085.31 -£891 £1,301

New secondary cases

Scenario

QALY gains Total costs INMB at £20,000 

per QALY 

gained
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6.3.2.2.1 S.1 – Alternative de-escalation protocol for patients 

confirmed with CDI 

Simulating a more rapid de-escalation protocol resulted in HT yielding a higher 

INMB (£2,990) compared to the baseline results. Releasing patients confirmed 

with CDI upon symptoms resolution (rather than at the end of hospital stay) 

increased the availability of single rooms thereby reducing the number of new 

secondary cases in the general ward – across both testing strategies. Both testing 

strategies thus yielded lower incremental QALY lost due to secondary cases and 

therefore higher incremental QALY gains (0.04 compared to 0.02 at baseline). 

Under the LTHT testing strategy, however, patients experienced a longer 

turnaround time to yield final diagnosis which, in turn, led to worse clinical 

outcomes and thereby lower QALY gains (47.92) versus the HT testing strategy 

(47.96).  

While the isolation costs were lower for both testing strategies under this scenario 

(£2,094,637 and £2,059,311 for HT and LTHT testing strategy, respectively) 

compared to baseline results (£2,396,752 and £2,310,641 for HT and LTHT 

testing strategy, respectively), general ward bed costs were higher. This reflected 

the longer LOS patients positive to CDI spent in general ward under S1 as 

opposed to single room isolation, as per the baseline scenario. The HT strategy, 

however, was associated with lower incremental isolation bed costs versus the 

LTHT testing strategy compared to baseline results. The marginal reduction in 

isolation costs therefore lead to higher incremental costs savings (-£2,093) 

between both strategies compared to the baseline results.  

6.3.2.2.2 S.2 – Increased availability of multiplex GI panels 

Adding one extra multiplex GI panel to test patients suspected with infectious 

diarrhoea led to a higher INMB for the HT against LTHT testing strategy 

(£150,796), compared to the baseline results. 

Having a quicker confirmation of infectious diarrhoea due to other GI pathogens 

expedited the time-to-diagnosis for patients suspected with CDI. This increased 

the availability of single rooms as patients negative to CDI were more quickly de-

isolated compared to baseline scenario. The faster assessment of GI pathogens 

allowed the full benefit of the HT rapid test to be realised, with HT in this scenario 

leading to fewer secondary cases within general ward over LTHT testing strategy 
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(0.51) compared to baseline (3), which resulted in additional cost savings (-

£148,887). An additional benefit of shortening the test turnaround time was the 

increased effectiveness of antibiotic treatment for CDI, which meant that patients 

positive to CDI also experienced better short-term clinical outcomes (0.10 QALY 

gain vs. standard care). 

6.3.2.2.3 S.3 – Reduced availability of single rooms in Teaching Hospital 

Reducing the number of single rooms available in a typical UK Teaching Hospital 

resulted in HT yielding a higher INMB compared to baseline results (£5,829). Both 

testing strategies yielded more new secondary cases, lower QALY gains and 

higher costs in this scenario compared to baseline results. In the context of a 

reduced availability of single rooms, the HT yielded fewer incremental secondary 

cases over LTHT testing strategy (2.86) compared to baseline results (3) as 

patients received a final diagnosis for CDI in a more timely manner as opposed 

to the comparator testing strategy. As the HT prevented more secondary cases 

within the general ward, this led to higher incremental QALY gains (0.03) and 

incremental cost savings (-£5,276) compared to baseline outputs.  

6.3.2.2.4 S.4 – UK District Hospital 

Simulating a typical UK District Hospital led to a higher INMB for HT over the 

comparator testing strategy compared to baseline (£153,899). Both testing 

strategies yielded fewer new secondary cases in the general ward, higher QALY 

gains and lower costs.  

Although a typical UK District Hospital was associated with fewer single rooms 

where to isolate patients suspected and confirmed with CDI, under S4 a reduced 

number of patients were tested for CDI thereby there was a reduced demand for 

single rooms compared to UK Teaching Hospitals. This, in turn, resulted in fewer 

new secondary cases and thereby higher QALY gains. HT yielded fewer 

comparative secondary cases for CDI (-1.30) over LTHT testing strategy 

compared to baseline output (3), and led to higher incremental QALY gains (0.13) 

and lower incremental costs (-£151,263).   
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6.3.2.2.5 S.5 – Alternative distributions for time-to-event parameters 

Applying the second-best distribution for the time-to-event patient parameters 

(e.g. LOS, duration of symptoms), resulted in an increase of the cost-

effectiveness output for HT compared to LTHT testing strategy (INMB equal to 

£149,930).  

Across both testing strategies, simulating the second-best distribution to time-to-

event patient parameters resulted in fewer new secondary cases, higher 

incremental QALY gains and higher costs. The HT strategy yielded better 

incremental clinical benefits (i.e. fewer new secondary cases, higher QALY gains) 

over the comparator testing strategy, compared to baseline results. In this 

context, HT was associated with a greater reduction in new secondary cases, 

leading to higher incremental QALY gains compared to LTHT testing strategy.  

Applying the second-best distribution had the following downstream implications: 

• lower average LOS for patients confirmed with CDI, and reduced 

shorter right tail of high LOS values (i.e. fewer extreme high values) 

– this, in turn, led to lower isolation costs associated with both testing 

strategies (£2,228,105 for HT and £2,206,964 for the LTHT testing 

strategy) compared to the respective baseline values (£2,396,752 and 

£2,310,640, respectively); 

• higher average LOS for patients negative to CDI on average but 

shorter right tail – overall, this led to a higher general ward bed costs 

associated with both testing strategies (£14,596,509 and £ 14,878,135 for 

HT and LTHT testing strategy) compared to baseline values (£13,617,912 

and £13,617,790 at the base case). The reduction in isolation costs were 

greater for HT compared to the LTHT testing strategy – the economic 

benefit of reducing the LOS for patients negative to CDI was offset by a 

longer turnaround time to receive confirmation of non-infectious diarrhoea 

under LTHT testing strategy, thereby leading to higher isolation costs for 

the LTHT testing strategy compared to HT.  
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6.3.2.2.6 S.6. Inclusion of labour costs for running laboratory testing 

Capturing additional labour costs for running laboratory-based tests as part of the 

standard care strategy results in a marginal increase of the cost-effectiveness 

outputs for HT compared to LTHT testing strategy (INMB equal to £1,301).  

In this context, LTHT was associated with higher testing costs (£52,063 

compared to £49,474 at baseline) thereby leading to an increase of cost savings 

for HT compared to LTHT testing strategy (-£891 compared to £410 at baseline). 

Although this increase in costs applied only to LTHT testing strategy, the marginal 

impact of this scenario on the relative cost-effectiveness outputs might be 

explained by the low labour costs for each testing options as part of the standard 

care strategy.  
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6.3.3  Phase 3: Sensitivity analyses on the minimum performance 

specifications 

Based on the results of the deterministic univariate sensitivity and scenario 

analyses (phase 2), additional sensitivity analyses were conducted to assess the 

impact of the most influential model parameters using estimates from the 

literature and +/- 25% deviations from baseline values, as well as scenarios on 

the minimum performance specifications identified in phase 1 (see Table 6-7).  

The most influential parameters varied in this phase included: (1) operating time 

for multiplex GI panel; and (2) LOS for patients confirmed with CDI under slow 

time-to-diagnosis; whereas the top influential scenarios explored in this phase 

entailed: (i) simulating a typical UK District Hospital; and (ii) increased availability 

of multiplex GI panels. Table 6-6 reports the levels of the model parameters 

varied in phase 3, as well as the main features of the most influential scenarios.  

Table 6-6 Summary of the values of the model parameters varied in phase 
3 based on the +/- 25% range, and main features of the most influential 
scenarios 

Parameter Lower bound (+/- 25% 

deviation from 

baseline values) 

Upper bound (+/- 25% 

deviation from 

baseline values) 

Operating time for 

multiplex GI panel 
30 minutes 50 minutes 

LOS CDI positive 

patients – slow 

diagnosis  

Shape1: 0.6491104 
Scale1: 16.60751 

Shape1: 1.043657 
Scale1: 38.52885 

Scenario  Summary key structural assumptions 

UK District Hospital  • 64 single rooms being available 

• 850 monthly average of stool samples being 

tested 

• Off-site laboratory 

Increased availability of 

multiplex GI panels 
• 4 multiplex GI panel testing machines 

1 Shape and scale parameters for Weibull distribution 
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This section presents how the minimum performance specifications at a 15-

minute test turnaround time varied depending on the lower and upper values of 

the most influential model parameters and structural scenarios.  

Operating time for multiplex GI panel 

Applying a higher value of operating time for multiplex GI panels (50 minutes, vs 

43 minutes in the base case) resulted in higher minimum performance 

specifications (99% for both diagnostic sensitivity and specificity), and a 

corresponding lower threshold unit price (£2) and headroom unit price (£179) 

compared to baseline values.  

Alternatively, simulating a lower value of operating time for multiplex GI panels 

(30 minutes) led to the same required minimum diagnostic specificity as in the 

base case analysis (96%), but a lower value of minimum diagnostic sensitivity 

was accepted (93% vs 96% in the base case). In this context, the additional 

comparative benefit afforded by a more rapid GI panel (e.g. £255,620 INMB as 

estimated in phase 2) resulted in a comparatively lower minimum sensitivity 

required for HT to maintain clinical- and cost-effectiveness. This, in turn, resulted 

in a higher threshold (£159 vs £44 in the base case), and headroom unit price 

(£772 vs £554 in the base case).  

Length of stay confirmed CDI patients receiving slow diagnosis 

Simulating an extended LOS for patients confirmed with CDI receiving slow 

diagnosis resulted in a lower minimum diagnostic specificity (94%, vs 96% in the 

base case) while maintaining the same required minimum diagnostic sensitivity 

as in the base case results (96%), and a corresponding higher threshold and 

(£310, vs £44 in the base case) headroom unit price (£1,031, vs £554 in the base 

case). 

Assuming a reduced LOS for patients confirmed with CDI receiving slow 

diagnosis led to a higher minimum diagnostic sensitivity (99%, vs 96% in the base 

case) and diagnostic specificity (99%, vs 96% in the base case). In this context, 

the reduced clinical and economic benefit of simulating an extended LOS (i.e. -

£455,274 INMB as estimated in phase 2) demanded a comparatively higher 

minimum performance requirements for HT to be clinical and cost-effective. This 

also resulted in a significantly lower threshold (£10 vs £44 in the base case) and 

headroom unit price for HT (£144, vs £544 in the base case).  
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District Hospital  

In the scenario of a typical UK District Hospital, the minimum performance 

specifications for HT to maintain cost-effectiveness were lower compared to 

baseline (minimum diagnostic sensitivity and specificity equal to 92% and 95%, 

respectively). Following the increased clinical and economic benefit of HT in this 

context (i.e. £153,899 INMB as estimated in phase 2), a corresponding higher 

threshold cost was accepted in this context (£84, vs £44 in the base case). 

Assuming perfect diagnostic accuracy at a 15-minute turnaround time, the 

headroom price for HT to maintain cost-effectiveness was also found to be higher 

(£2,818) compared to the baseline value.  

Increased availability of multiplex GI panels 

While simulating an additional multiplex GI panel to test samples suspected of 

infectious diarrhoea, the minimum performance specifications for HT to maintain 

clinical and cost-effectiveness were found to be lower (90% and 93% for 

diagnostic sensitivity and specificity, respectively) than the baseline values. The 

maximum threshold cost associated with the above minimum performance 

specifications was also higher than the base case value (£360). In addition, the 

headroom price for HT was higher (£590) than the baseline value.   
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Table 6-7 Minimum performance test requirements and associated maximum acceptable unit cost at 15-minutes turnaround 
time, and maximum unit cost under perfect diagnostic accuracy, sorted by the low and upper value of the top influential model 
parameters and structural scenario 

 

Diagnostic sensitivity 96% 93% 99% 99% 96% 92% 90%

Diagnostic specificity 96% 96% 99% 99% 94% 95% 93%

Threshold unit price (WTP £20,000) £44 £159 £2 £10 £310 £84 £360

Headroom unit price (WTP £20,000) £554 £772 £179 £144 £1,031 £2,818 £590

Multiplex GI panel time-to-result 

Low parameter value 



High parameter 

value 

Length of stay confirmed CDI patients 

receiving slow diagnosis

Low parameter value 



High parameter value 



Baseline 

parameter 

value

District Hospital 

A grey up arrow is associated with higher minimum performance specifications compared to baseline results at 15-minutes test turnaround time. A green up arrow is associated with  a higher maximum unit cost for HT 

compared to baseline value. A yellow bar is associated with minimum performance specifications and maximum unit cost equal to the respective results at 15-minutes test turnaround time. A grey down arrow is 

associated with lower minimum performance specifications compared to baseline results at 15-minutes test turnaround time. A red down arrow is associated with lower maximum unit cost for HT compared to baseline 

value.

Increased 

availability of 

multiplex GI panels

Minimum requirements at 15-minutes test turnaround time

The arrows in the headers are associated with the results of phase 2 - an upper arrow indicates that in the context of this parameter value or structural scenario the marginal benefit of HT was increased compared to 

baseline (i.e. higher INMB). A lower arrow indicates that in the context of this parameter value or structural scenario the marginal benefit of HT was decreased compared to baseline (i.e. lower INMB) 
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6.4 Discussion 

This section discusses the results of the analysis, followed by some 

methodological considerations on the model analysis and an overview of the 

model limitations. 

6.4.1 Identified minimum performance specifications 

Based on the presented MPS framework, a minimum diagnostic sensitivity and 

specificity of 96% is required for a hypothetical POCT for CDI to be cost- effective 

compared to standard care. Provided that a new test achieves these minimum 

levels, and could yield results in 15 minutes, a reasonable maximum unit price 

for that test would be approximately £44. Assuming that perfect diagnostic 

accuracy were technically achievable, manufacturers could charge a maximum 

unit price of £554 for the new test to be cost-effective. In the context of a test 

turnaround time of 180 minutes, a higher minimum diagnostic sensitivity is 

required to maintain clinical and economic benefit (98%, vs 96% at a 15-minute 

turnaround time), whereas the minimum diagnostic specificity required remains 

at 96%. The associated maximum unit price for a test meeting these performance 

specifications would be £9.  

The robustness of the minimum performance specifications identified using the 

MPS framework at a 15-minute turnaround time (i.e. with all model parameters at 

baseline) was tested against the top drivers of cost-effectiveness changes. 

Depending on the value of the top influential parameter and/or structural scenario 

being investigated, the minimum diagnostic sensitivity for HT to maintain clinical 

and cost-effectiveness varied between 90% and 99%, whereas the minimum 

diagnostic specificity ranged between 93% and 99%. The corresponding 

threshold cost ranged between £2 and £360, whereas the headroom cost (for a 

perfectly accurate test) varied between £144 and £2,818.  

In this example, diagnostic specificity was a greater driver of clinical utility and 

cost-effectiveness compared to diagnostic sensitivity – a reduced diagnostic 

specificity required a higher minimum diagnostic sensitivity for HT to maintain a 

positive clinical benefit (see 6.3.1.1). Based on the low prevalence of CDI in this 

case, incorrectly diagnosing a proportion of healthy patients as CDI positive had 

a greater impact than missing a few truly positive CDI patients. In addition, the 

test turnaround time had a substantial impact on the expected clinical and 
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economic benefit a POCT could afford – the longer the time to receive results for 

CDI, the lower the maximum unit price for the hypothetical rapid test to maintain 

cost-effectiveness, while more rigorous minimum performance benchmarks were 

required to yield a clinical and economic benefit. Test manufacturers should 

therefore balance any delays in test turnaround time with improvements in 

analytical and diagnostic accuracy in order for the test to provide sufficient clinical 

benefits to patients and the hospital workflow. The substantial knock-on impact 

of the test turnaround time on clinical and economic outcomes can be explained 

by the fact that patient short-term clinical outcomes (e.g. LOS, treatment 

effectiveness) were dependent on the time point within which patients receive 

final diagnosis – as discussed in Chapter 5.  

Minimum performance requirements for HT to be more clinically and 

economically effective than standard care were high. This is largely due to the 

high performance of the standard care comparator in this case – running the two-

stage testing algorithm is a cost-effective option for diagnosing CDI (200, 229), 

as a highly sensitive GDH screening test rules out negative patients with results 

being quickly communicated to the clinical team (199); only positive patients then 

fully undergo the testing pathway. While the identified minimum performance 

benchmarks could be considered difficult to attain for test manufacturers, recent 

developments within the innovation pipeline suggest that new rapid diagnostics 

for CDI could partially meet the minimum performance requirements identified 

using the MPS framework in certain parameters and scenarios explored in phase 

3 (i.e. when the multiplex GI panels can yield results faster, or the number of 

available panels can be increased, or in the context of UK District Hospitals). 

Recently, new rapid ultrasensitive toxin tests have shown promising results in the 

detection of C. difficile toxin A/B as standalone tests (308, 309). Three 

ultrasensitive toxin tests are currently undergoing assay development processes 

and regulatory approval, including :(i) the Singulex Clarity C.diff toxin A/B assay 

(Singulex Inc., Alameda, CA, USA); (ii) the single-molecule array (Simoa) 

technology (Quanterix, Inc., Lexington, MA, USA); and (iii) MultiPath (First Light 

Diagnostics, Chelmsford, MA, USA) (308). Among the new ultrasensitive tests 

being developed, the Singulex Clarity C.diff toxin A/B assay had an estimated 

diagnostic sensitivity of 96.3% and a diagnostic specificity of 93% when 

compared to CCNA (309).  
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Assuming that a new test were able to meet the minimum performance 

benchmarks, further considerations should apply in relation to the maximum unit 

price manufacturers can charge for a new POCT. Unit prices for POCTs are 

usually more expensive than laboratory testing due to higher costs of 

consumables, and the impossibility of achieving economy of scales as opposed 

to laboratory testing (310). Assuming a total of 820827 patients being tested for 

CDI in secondary care across the UK every year, were the developers able to 

secure a portion of the market equal to 20% and 40%, they could be expected to 

earn £722,304 and £1,444,608 over the course of 10 years, respectively – 

assuming the company would price the new test equal to £44 (i.e. threshold cost 

at 15-minutes turnaround time). Were the cost of developing and producing a 

new diagnostic test for CDI lower than the expected return for investment, then 

developing new tests for CDI would offer sufficient investment for manufacturers. 

For further details on the calculations and sources needed to calculate the 

expected return of investment see Appendix O.  

Were a manufacturer to charge up to £100 as a unit test price, which provides 

results in 15 minutes, minimum performance requirements for the test to maintain 

clinical and cost-effectiveness would likely be higher. Greater clinical benefits 

associated with a test are therefore required to ensure that a more expensive test 

still represents a cost-effective strategy. In the context of an extended turnaround 

time (i.e. 180 minutes), however, the maximum unit price for a test to maintain 

clinical and cost-effectiveness (£9) is unlikely to provide test developers with 

sufficient return for investment, thereby reducing the commercial viability of 

developing new POCTs.  

Based on the results of sensitivity analyses conducted in phase 2 using estimates 

from the literature and +/- 25% deviation from baseline values, the operating time 

for multiplex GI panels and LOS for patients confirmed with CDI receiving slow 

diagnosis had the biggest impact on the relative cost-effectiveness of a 

hypothetical rapid test for CDI over standard care testing strategy. In addition, 

simulating a District Hospital (S.4) and assuming an additional multiplex GI panel 

as part of the routine testing workflow (S.2) were found as the most influential 

scenarios to consider while defining minimum desirable performance 

 
27 Total number of patients tested for CDI in secondary care is based on the 

COMBACTE-CDI survey data taking into account both UK District and Teaching 
Hospital (see Chapter 5).  
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specifications based on cost-effectiveness considerations. The following 

paragraphs explain the mechanisms by which the most influential parameters 

and scenarios affect the minimum performance specifications for HT. 

In clinical settings where patients suspected with infectious diarrhoea are tested 

simultaneously for CDI and other GI pathogens, if faster time-to-diagnosis cannot 

be maintained (e.g. patients have to wait longer for results on multiplex GI panels 

due to slower machines and reduced availability of panels), HT strategy leads to 

fewer single rooms being available and worse clinical outcomes (i.e. more 

secondary cases and lower QALY gains) thereby leading to a reduced INMB and 

more rigorous performance requirements compared to baseline results. Under 

the HT testing strategy, one test result is needed to confirm the diagnosis of CDI, 

whereas the LTHT testing strategy requires several test results to rule in the 

diagnosis of CDI. In the standard care arm, having to wait longer for ‘other GI 

pathogens’ diagnosis has a marginal impact since the standard care process to 

yield test results for CDI takes longer compared to HT testing strategy. On the 

contrary, in the HT testing arm, diagnosis for CDI can be achieved more quickly 

and it is associated with short-term clinical and economic benefits for the HT 

strategy. The extended time to wait for test results for other GI pathogens in the 

HT testing arm offsets any clinical and economic benefits associated with the HT 

rapid test for CDI if a quick final diagnosis cannot be achieved. The full 

incremental benefit of the HT strategy is therefore achieved only if the rapid time-

to-diagnosis can be maintained.  

The relative importance of the operating time for multiplex GI panels and the 

number of available testing machines suggests that developing multiplex testing 

panels with the ability to detect several GI pathogens responsible for infectious 

diarrhoea could lead to a substantial clinical and economic benefit. Detecting 

simultaneously C. difficile toxins and other GI pathogens might lead to faster 

diagnosis with the potential of de-isolating non-infective patients quickly. If future 

tests could be developed to detect both C. difficile toxins and other GI pathogens, 

the MPS framework presented in this chapter could be applied to define the 

minimum performance specifications for a C. difficile-specific POCT embedded 

within a multiplex GI panel strategy. 

In addition, the model results were also highly sensitive to changes to the LOS 

for patients positive to CDI receiving slow diagnosis. Across both testing 
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strategies, simulating an extended LOS increased the risk of infection spread 

within the general ward due to a reduced availability of free single rooms, whilst 

it increased the individual QALY loss as the CDI utility was assigned for longer 

(see Chapter 5 for detail). Any variation in the LOS associated with slow time to 

diagnosis, however, solely affected testing strategies with extended turnaround 

time (i.e. LTHT testing strategy in this context) – as patients receiving rapid 

confirmation of CDI were assumed to experience LOS under rapid time-to-

diagnosis instead. In the context of an extended LOS under slow time-to-

diagnosis, HT therefore yielded better incremental clinical outputs (i.e. fewer new 

secondary cases, higher QALY gains) over the LTHT testing strategy compared 

to the baseline results. This, in turn, led to lower minimum performance 

specifications for HT to maintain cost-effectiveness compared to LTHT testing 

strategy. 

Simulating a typical UK District Hospital with fewer isolation rooms and reduced 

number of patients being tested for infectious diarrhoea was found as one of the 

most influential scenarios on cost-effectiveness changes. A key driver of these 

results was the fact that, under the District Hospital scenario, samples were 

transported to an off-site laboratory thereby leading to an extended time-to-

diagnosis for LTHT testing strategy only, whereas testing under HT strategy 

occurs at point-of-care (as per baseline scenario). Patients tested with HT 

strategy thereby received confirmation of the diagnosis of CDI more rapidly, 

leading to the higher QALY gains and cost savings compared to the LTHT testing 

strategy. Since HT was positioned at point-of-care and did not require 

transportation to the laboratory, the clinical and economic benefits associated 

with HT rapid diagnosis could be maintained in this scenario. Failure to consider 

the time for transporting samples to the laboratory could offset any clinical and 

economic benefits associated with a new and accurate diagnostic test for CDI – 

despite the test itself being rapid.  
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6.4.2 Pragmatic approach to define minimum performance 

specifications – key considerations 

Based on the survey results presented in Chapter 4, a need for more accurate 

and rapid diagnostic tests for CDI emerged. The survey, however, did not attempt 

to elicit respondents’ views on the minimum and desirable diagnostic accuracy 

for new tests to address this unmet clinical need. To this end, using established 

methods of cost-effectiveness analysis and early economic modelling (discussed 

in Chapter 1 and Chapter 2), a novel three-stage framework was developed to 

identify the minimum test specifications for three performance dimensions 

(diagnostic sensitivity, diagnostic specificity and test turnaround time), and the 

associated maximum test costs, based on clinical- and cost-effectiveness model 

outputs. Stage 1 focused on identifying the region of diagnostic accuracy that 

resulted in HT being clinically superior versus standard care (i.e. fewer new 

secondary cases within the general ward or higher incremental QALY gains) at a 

15-minute turnaround time, whilst stage 2 aimed to rule out performance levels 

where HT was not expected to be cost-effective, despite the test itself being 

costed at zero, at a range of pre-specified test turnaround times. Based on the 

results from the previous stages, stage 3 identified the minimum diagnostic 

accuracy which maintained a positive clinical benefit (stage 1) and cost-

effectiveness (stage 2), as well as the associated maximum unit prices for the HT 

to be cost-effective (i.e. headroom and threshold price), for each pre-specified 

test turnaround time value.  

The presented MPS framework represents the first application of early economic 

evaluation methods as a means of deriving the minimum performance 

specifications as set out in TPPs. A recent NICE-commissioned early economic 

model estimated the costs and health benefits of having a hypothetical COVID-

19 POCT which met pre-defined minimum and desirable performance 

specifications for diagnostic accuracy and time-to-result as presented in a TPP 

issued by the UK MHRA (164). This model, however, did not aim to directly inform 

the TPP specifications, but rather to estimate if a hypothetical test meeting pre-

established minimum and desirable performance benchmarks would be cost-

effective (164). It is unclear, in fact, how the requirements listed in the MHRA 

TPPs were derived. In line with general reporting limitations identified in the 

methodology review conducted in Chapter 2, the MHRA TPPs for a COVID-19 
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POCTs similarly failed to adequately report the sources or justification for the 

presented performance specifications. The analysis presented in this chapter, 

meanwhile, aimed to derive de novo minimum performance specifications using 

the NICE WTP threshold applied to modelled cost-effectiveness outputs, via a 

series of interlinked two- and three-way sensitivity analyses. In the context of 

further stakeholder consultations, these results will provide the foundation for 

minimum and optimal performance specifications for rapid tests for CDI within a 

future TPP.  

The minimum performance specifications estimated using the MPS framework 

(phase 1) assumed that the model parameters were held at their baseline values. 

Due to the (inevitable) uncertainty surrounding the minimum performance 

requirements estimated with the MPS framework, it is recommended to test the 

robustness of the minimum performance specifications before presenting the 

modelling results to a stakeholder audience in the context of TPP development. 

To this end, extensive deterministic univariate sensitivity and scenario analyses 

were conducted to test the impact of different model parameters and scenarios 

on the cost-effectiveness outputs. This helped to: (i) pragmatically identify the 

main drivers of cost-effectiveness changes (as discussed in the previous 

section); (ii) narratively draw inferences on the impact of each parameter and 

structural scenario on the minimum performance requirements; and (iii) suggest 

key areas for future research.  

In the context of parameter values and scenarios where HT led to higher 

economic and clinical benefits compared to baseline results, lower minimum 

performance specifications and a higher maximum unit price were required for 

HT to maintain cost-effectiveness. For example, in the context of a higher disease 

prevalence for CDI using +/- 25% deviation from baseline value, the benefit of 

having a rapid POCT for CDI over a multi-stage testing algorithm was found to 

be greater than at baseline (£746,064 vs. 028 INMB). This means that, in countries 

where the prevalence of CDI is higher than in the UK, developers could charge 

more for a new POCT for CDI with marginally less stringent minimum 

 
28 Under the minimum performance specifications at 15-minute test turnaround time, the 

increased benefits associated with HT were offset by the higher costs since the 
testing unit cost is set equal to the maximum cost at which HT remains cost-effective 
(i.e. threshold cost). This, in turn, led to an INMB of £0 at a WTP threshold of £20,000 
per QALY gained.  
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performance benchmarks than the baseline performance specifications identified 

using the MPS framework in phase 1. This finding might be particularly of interest 

to manufacturers in Eastern European countries, as the COMBACTE-CDI study 

has found a higher prevalence of CDI compared to Western European countries 

(253). Conversely, in the context of parameter values and scenarios where HT 

yielded a lower INMB compared to the baseline analysis, the minimum 

performance requirements for HT to maintain cost-effectiveness were higher, 

while a lower threshold unit price is tolerated for the test to remain cost-effective. 

For instance, in the case of delays in obtaining stool samples for patients, the 

expected clinical and economic benefits of having a rapid POCT are reduced 

compared to baseline as it takes longer to de-isolate patients negative to CDI due 

to a delayed confirmation of non-infectious diarrhoea. This results in higher 

minimum performance requirements for HT to remain cost-effective, while a lower 

threshold unit cost is required to maintain cost-effectiveness. 

An additional benefit of conducting extensive sensitivity analyses lies in 

identifying the areas of greatest uncertainty expected to drive cost-effectiveness 

results – these findings can then help inform future research priorities. In this 

example, the model results were highly sensitive to changes in the LOS for 

patients positive for CDI. This reflects a high uncertainty surrounding the time-to-

event parameters for patients positive to CDI, as well as their key relevance in 

driving the clinical and cost-effectiveness outputs. As the time-to-event 

parameters in this study were based on one study with 126 patients (311), more 

evidence is needed to confirm the impact that early treatment, via early diagnosis, 

has on patient LOS and additional short-term clinical outcomes. Once new 

evidence on these key parameters is available, the presented decision model 

could be updated and re-run to derive up-to-date performance specifications (2). 

This chimes with the concept of TPPs being ‘living documents’, which should be 

updated once new evidence becomes available. 

Results of a deterministic univariate sensitivity analysis, however, might vary 

depending on the arbitrary range of parameter values explored (312). To 

overcome this limitation, the selection of the range for univariate sensitivity 

analysis should be based on consensus with stakeholders in the context of TPP 

development and be clearly motivated. Alternatively, novel approaches for 

conducting univariate sensitivity analyses have been recently suggested – such 
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as the probabilistic one-way sensitivity analysis (POSA) (312). This method 

captures correlations between model parameters and the probability of a given 

parameter to take a specific value using a two-level Monte Carlo approach (312). 

6.4.3 Model strengths and limitations 

The model presents a significant methodological improvement from the published 

decision models for CDI diagnostics (see rapid literature review in Chapter 5). As 

opposed to published decision models in this context, this model has the 

functionality to:   

• capture the sequence of events each individual patient experiences 

within the clinical pathway – the model structure features the key events 

and individual trajectory each patient suspected and confirmed with CDI 

experiences (e.g. suspicion of CDI, presumptive isolation, de-escalation of 

infection control measures, treatment administration) within the clinical 

pathway based on their individual characteristics (e.g. symptoms 

duration). In addition to this, the model accounts for important recurring 

events patients confirmed with CDI experience over time, such as 

clinicians’ assessing resolution of symptoms and administering additional 

antibiotic treatment in case patients remain symptomatic.  

• simulate the processes samples undergo as part of the testing 

pathway – this is the first model to account for the key processes 

happening to patients and their stool samples being tested simultaneously 

within the testing pathway (e.g. transporting the sample to the laboratory, 

sample preparation, reviewing test results) in such granular detail. This 

means that the model is able to: (i) capture the structural aspects 

underpinning the testing pathway which might influence the time-to-

diagnosis for CDI (e.g. off-site laboratory, number of samples being tested 

per machine run); and (ii) assess the impact of receiving a faster or slower 

diagnosis of CDI on patients’ health, treatment effectiveness and 

availability of single rooms – while accounting for such structural aspects.  

• account for capacity constraints patients face within the clinical 

pathway – an additional novel aspect of this model lies in explicitly 

accounting for the limited availability of single rooms in which isolate 

patients suspected and confirmed with CDI, as well as time constraints for 

testing samples in the laboratory. The model structure therefore resembles 



213 

as much as possible the conditions and waiting times patients suspected 

with CDI face once they enter a busy hospital. In addition to this, the model 

also explored the downstream consequences that a new rapid test could 

lead to on the infection control infrastructure and, consequently, on the 

infection spread within the general ward.  

In addition to the above, the structure of the model is sufficiently flexible to explore 

the impact of alternative clinical assumptions and scenarios. Although the model 

structure reflects the main aspects of the clinical pathway in place at LTHT, the 

model was programmed in a way that alternative clinical practices could be easily 

simulated (e.g. alternative de-escalation protocol, reduced availability of single 

rooms). This model therefore could be of use for future economic evaluations of 

diagnostic tests for CDI across care settings with different clinical practices and 

availability of single rooms. The model coding and technical documentation is 

available upon request, allowing future modellers to use and build on this model 

in order to explore different research questions, or to update the data sources 

once new evidence becomes available.  

The presented findings, however, should be considered in line with the model 

limitations, which fall into the following four categories: (i) clinical assumptions; 

(ii) model parameterisation (iii) model analysis; and (iv) model validation.  

Clinical assumptions  

The model assumes that there is no risk of co-infection between CDI and other 

GI pathogens responsible for infectious diarrhoea (CA 2). Based on a multicentre 

evaluation of the BioFire FilmArray ® GI panel, an additional GI pathogen was 

found in 31.5% of the samples positive to CDI (303). Recent USA-based 

prospective studies, however, have found no significant differences in terms of 

CDI severity, treatment effectiveness, recurrences and length of hospital stay 

between patients co-infected and patients confirmed with CDI only (313, 314). It 

is unclear therefore if simulating the risk of co-infection would have changed the 

clinical management and short-term outcomes for patients confirmed with both 

CDI and other GI pathogens. This simplifying assumption was therefore adopted 

as there is currently a lack of agreement as to how to treat patients who tested 

positive to more than GI pathogens. In addition to this, the focus of this model 

lied in the diagnosis of patients positive to CDI only, rather than every GI 

pathogen responsible for infectious diarrhoea. Were the risk of co-infection to be 
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captured within the model, this is not expected to have a significant impact on the 

incremental number of new secondary cases or QALYs gains between HT and 

LTHT testing strategies. Simulating patients confirmed with both CDI and other 

GI pathogens would not reduce the availability of single rooms as patients 

confirmed with infectious diarrhoea are assumed to remain in single room 

isolation – regardless of the pathogen being detected (CA 3). Although patients 

positive to other GI pathogens are released more rapidly from isolation compared 

to patients confirmed with CDI (e.g. 2 days as opposed to the remaining LOS, 

respectively), this change would affect both HT and LTHT testing strategy equally 

– thereby the impact on the incremental clinical and economic benefits, and 

consequently on the minimum performance requirements for HT, is expected to 

be marginal.  

Due to the paucity of data on the impact of early and better diagnosis on patient 

long-term outcomes (e.g. survival, quality of life), a core clinical assumption 

underpinning the model structure is that patients truly positive to CDI (TP and FN 

cases) do not experience a risk of disease recurrence (CA 10 and 11). Based on 

discussions with clinical experts, it was decided against modelling the impact of 

early and more accurate diagnosis on the probability of disease recurrence due 

to paucity of data in this context, as well as the complexities underpinning the 

treatment decisions for patients with recurrent CDI. Patients with recurrent CDI, 

however, are typically associated with higher healthcare costs, longer LOS and 

worse health-related quality of life compared to patients with a first episode of 

CDI, according to a UK-based multicentre non-interventional study (195). As 20-

30% of patients confirmed with CDI experience a disease recurrence (182-184), 

this generous clinical assumption might have underestimated the economic and 

clinical burden associated with CDI. Were recurrence events to be included, HT 

would be expected to yield higher incremental QALYs compared to LTHT testing 

strategies as rapid testing strategies are typically associated with an overall 

decrease in recurrence rate over a month based on the prospective time-series 

study conducted in France (n=126) (260) (see Chapter 5 for detail). In this 

context, simulating risk of recurrence for patients confirmed with CDI is expected 

to favour HT thereby leading to lower performance requirements compared to 

baseline results. Further studies, however, are required to confirm the positive 

impact of early diagnosis in reducing the risk of disease recurrence for CDI 
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patients before safely introducing this clinical assumption within the decision 

model.  

An additional limitation lies in assuming that, in the context of single rooms and 

cohort bays at full capacity, confirmed cases remain in the general ward until 

hospital discharge (CA 4). In the model, the simplifying assumption was adopted 

that patients confirmed with CDI could not be released from single room isolation 

where other patients with a higher priority needed to be isolated. In clinical 

practice, however, decisions around when to de-escalate infection control 

measures are based on a continuous assessment of the symptoms duration of 

patients being isolated, the risk of infection spread and up-to-date availability of 

free single rooms – for example, if no single rooms are available, lower priority 

patients (i.e. asymptomatic patients confirmed with CDI) would be released from 

single room isolation to accommodate for higher-priority patients. Simulating the 

continuous bed allocation decisions, and every possible factor having an impact 

on them, however, would have significantly increased the complexity of model 

structure, and therefore extended the model running time. The time-to-next event 

progression and individual feature of DES modelling technique make the task of 

continuously moving patients confirmed with CDI between general ward and 

single rooms based on the current availability of free single rooms 

computationally intensive.  

In addition, the model assumed that patients confirmed with other GI pathogens 

would require single room isolation (CA 3). In clinical practice, however, this 

decision is dependent on the pathogen being detected – for example, a patient 

positive to Campylobacter does not require single room isolation. This simplifying 

assumption was adopted since the focus of the model was on the diagnosis of 

CDI, rather than the other GI pathogens responsible for infectious diarrhoea. 

Simulating how the escalation of infection-control measures would have changed 

as a result of detecting each specific GI pathogens would have increased the 

model complexity and computational burden – without providing stakeholders in 

the context of TPP with valuable information. The result of this simplifying 

assumption is that the model may have underestimated the availability of free 

single rooms thereby leading to an increased risk of infection spread within the 

general ward. If the complexities of specific GI pathogens were to be captured, in 

the context of a reduced availability of single rooms, HT would have led to higher 
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incremental QALY gains compared to LTHT testing strategies as faster testing 

strategies are associated with fewer new secondary cases and, consequently, 

lower minimum performance requirements compared to baseline results.  

In addition, this model did not capture the follow-up laboratory and imaging testing 

patients positive for CDI need to undergo – as per common practice among the 

published decision models for CDI diagnostics. It is expected that, were follow-

on tests included, this would favour the LTHT testing strategy – as HT with 

reduced diagnostic accuracy would lead to more FP cases compared to LTHT 

testing strategy, and therefore more patients may have needed additional follow-

up laboratory and imagining testing. As soon as the diagnostic specificity of HT 

drops below that of LTHT testing strategy, having more testing costs related to 

FP cases would result in the HT having higher costs than standard care. The 

minimum performance specifications for HT would therefore be expected to be 

slightly higher compared to baseline results to maintain cost-effectiveness. 

An additional limitation lies in assuming that clinicians fully adhere to test results 

when deciding when to start or stop administering antibiotic treatment (CA  5). 

The model therefore failed to capture the downstream implications of clinicians 

misinterpreting or overriding test results. This limitation, however, is common 

among early economic models for tests where full compliance to test results and 

perfect implementation of the new tests is often assumed (29). Were the impact 

of interpretation error to be simulated in the model, incorrectly misinterpreting a 

negative test result for CDI as positive would be expected to have a greater 

knock-on impact on infection spread than misinterpreting a positive test result 

CDI as negative. This might be explained by the low disease prevalence for CDI, 

as well as the reduced availability of free single rooms to isolate suspected and 

confirmed patients due to the higher FP cases. Difficulties in interpreting test 

results and taking the correct course of action are particularly relevant in the 

context of CDI as final diagnosis is usually confirmed by the combination of 

multiple test results. Future iterations of this model should therefore attempt to 

capture the downstream consequences of misinterpreting test results for CDI on 

patients’ health, infection spread and costs. 

Model parameterisation 

In the model, the monthly demand for stool testing (i.e. the number of patients 

entering the model) is assumed to be independent of seasonal influences and 
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other external factors. Retrospective cohort studies conducted in the USA, 

however, found seasonal variability in the incidence of hospital-acquired CDI 

associated with an increased incidence of pneumonia and influenza during the 

winter months (315, 316). In addition, to estimate the monthly demand of stool 

testing, an exponential distribution was applied – where a constant rate of new 

patient arrivals is assumed. These simplifying assumptions might have 

underestimated the number of patients entering the model leading to an 

increased availability of free single rooms for patients suspected with CDI. In case 

of a surge of patients with suspected infectious diarrhoea, more patients would 

be tested and there would be fewer single isolation rooms available. In this 

context, the ability to diagnose CDI rapidly using the HT testing strategy would 

be associated with greater economic and clinical benefits compared to standard 

care. In this scenario, HT would be associated with lower minimum performance 

requirements to remain cost-effective compared to baseline values. Whilst in 

periods of lower incidence of infectious diarrhoea, there would be a reduced 

demand for single rooms thereby the associated benefits of receiving a fast 

diagnosis for CDI using HT would be expected to be minimised as standard care 

testing strategy would lead to fewer new secondary cases. In this scenario, the 

minimum performance requirements associated with HT would be expected to be 

higher compared to baseline values. 

Limited data informed the hospital configuration (e.g. number of single rooms 

available), which was based on the COMBACTE-CDI survey. Although survey 

results were discussed and validated with clinical experts, it is unclear if the 

survey findings are reflective of the NHS hospitals. In addition, estimates of the 

short-term impact of early diagnosis on patients confirmed with CDI are based 

solely on single-center prospective time-series study (n=126) (260) – further 

larger, randomised and multi-center studies are thereby required to confirm the 

findings of this study.  

While comparing CCNA against TC, the diagnostic accuracy for CCNA is likely 

to be underestimated as CCNA detects toxins, while TC assesses the presence 

of the toxigenic organism (308). In addition, independence between sequential 

tests (e.g. GDH EIA, PCR and CCNA) is assumed due to the paucity of data on 

the diagnostic accuracy of each test run as part of the LTHT testing algorithm. 

Having more tests run as part of testing algorithm, however, increases the overall 
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diagnostic accuracy (213) – thus the overall diagnostic accuracy of the 

comparator testing strategy might have been underestimated. If this turned out to 

be the case, then the model may currently over-estimate the incremental benefits 

of HT vs. standard care, and thus underestimate the minimum performance 

specifications for HT. Future evaluation studies are required to determine the true 

diagnostic accuracy of CCNA by using a relevant reference standard, and to 

evaluate the diagnostic accuracy of multi-step testing algorithms for CDI. Future 

iterations of this model can then accommodate for such new evidence once it 

emerges.  

Model analysis 

Small incremental QALY gains between the testing strategies under evaluation 

were observed. This is common among economic evaluations for diagnostic tests 

given the indirect impact tests have on patient health, which is usually mediated 

through treatment effectiveness (21). In addition, since the long-term 

consequences of treatment on patient survival and quality of life were not 

captured in this model due to paucity of data, the QALY impacts would be 

expected to be smaller, and subject to significant uncertainty. The paucity of data 

on the test-treatment pathway raises questions as to whether QALYs are the 

appropriate metric to sufficiently capture the impact diagnostic tests might have 

on the care pathway as well as the infection-control infrastructure. This is an issue 

common to economic evaluations of healthcare interventions aiming to reduce 

antimicrobial resistance (317), or infection spread (318). A potential way forward, 

in cases where an alternative clinical outcome is of primary importance (e.g. 

number of new secondary infections averted, reduction in inappropriate antibiotic 

prescriptions), could be conducting a WTP elicitation exercise with clinical 

stakeholders and, subsequently, using the elicited WTP to derive minimum 

performance specifications. 

An additional challenge lies in accounting for the individual and intergenerational 

health impact of inappropriate antibiotic treatments on antimicrobial resistance 

(318). Due to limited data, the model did not directly capture the increased risk of 

becoming colonised with C. difficile organism upon receipt of inappropriate 

antibiotic treatment for CDI (206, 319). Instead, an arbitrary utility decrement was 

applied in such cases to capture the downstream consequences of receiving 

incorrect antibiotic treatment. Although this parameter had a marginal impact on 
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model results based on the findings of the deterministic sensitivity analysis 

conducted in phase 2, the model would benefit from better data on the 

downstream impacts of inappropriate antibiotic treatment.  

In the model, an indirect approach was taken to capture the impact of possible 

infection spread, based on calculating the number of new secondary CDI cases. 

This approach, however, ignores the possible infection spread within cohort bays,  

as well as the risk of infection spread due to other GI pathogens. Whilst there is 

a risk of infection spread within cohort bays (for those patients who do not have 

CDI), there is currently a paucity of high quality data on the impact of grouping 

patients on the infection transmission (320). In this context, HT would be 

expected to lead to an increased availability of single rooms compared to 

standard care due to faster time-to-diagnosis which, in turn, would offset the 

increased infection rates were the abovementioned additional sources of 

transmission be captured within the model. This, in turn, would potentially lead to 

fewer secondary cases, higher QALY gains associated with HT, and therefore 

lower minimum performance requirements for HT and higher threshold costs 

compared to baseline values.  

Finally, sampling uncertainty was not captured within the model as a PSA was 

not conducted. While running a PSA is good modelling practice (280), conducting 

a PSA for each diagnostic accuracy pair and test turnaround time values explored 

as part of the MPS framework and the subsequent phases of analysis would have 

significantly increased the model computational burden and running time. This 

pragmatic consideration was particularly relevant in the context of the complex 

resource-constrained DES model presented in Chapter 5. Instead, it was decided 

to focus on how to translate the modelling results into TPP performance 

specifications, while also identifying what factors within the pathway might affect 

the cost-effectiveness of a hypothetical rapid test. In addition, the biggest drivers 

of changes in the cost-effectiveness of HT against LTHT testing strategy were 

the performance specifications for the hypothetical rapid test (e.g. diagnostic 

accuracy, turnaround time and test price). Since the purpose of this evaluation 

was to estimate minimum requirements for these key parameters, for which no 

data is currently available, it would be difficult to apply any meaningful 

distributions around such unknown parameters. A published early economic 

model on hypothetical new typhoid fever diagnostics conducted a PSA while 
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holding constant the minimum diagnostic accuracy and maximum price derived 

with threshold and headroom analyses (77). This, however, begs the question as 

to whether sampling uncertainty was fully captured if the biggest drivers of cost-

effectiveness changes are held constant.  

Compared to past early economic models, the model presented in Chapter 5 

attempted to minimise the impact of first-order uncertainty on the outcomes of 

interest by running the model 70 times – with each run using a different random 

number sequence. In addition, extensive deterministic sensitivity and scenario 

analysis were conducted to explore the impact of varying either one or two 

parameters, or certain key structural scenarios (e.g. applying different 

distributions on time-to-event parameters). Nevertheless, further iterations of the 

model could include a PSA while running the MPS framework and additional 

sensitivity analyses.  

Model validation  

Given the early and exploratory nature of this decision model, it was not possible 

to externally validate the modelled outputs. This is a common challenge hindering 

the applicability of early economic models for tests (29), especially in the context 

of treatment effectiveness. In addition, due to a paucity of data on the in-ward 

infection spread of CDI within LTHT, it was not possible to externally validate the 

number of secondary cases for CDI associated with LTHT testing standard care. 

Although UK data is available on the infection spread of CDI, given the peculiar 

nature of the testing strategy in place at LTHT compared to the more common 

testing options across the UK (i.e. testing with EIA for GDH and toxin A/B – see 

Chapter 4), the limited data from LTHT might hinder the external validation of the 

clinical outputs. None of the published decision models for CDI diagnostics which 

captured the infection element of CDI externally validated their clinical outputs 

with published data. Nevertheless, all possible efforts were undertaken to ensure 

the internal and face validity of the model (see Chapter 5). Attempts at external 

validation should be conducted as soon as relevant evidence emerges, to 

increase the model applicability.  
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6.5 Chapter summary 

• In this chapter, the model analysis was conducted to identify the minimum 

performance specifications (e.g. diagnostic sensitivity and diagnostic 

specificity, test turnaround time) and associated maximum acceptable unit 

price for hypothetical rapid test for CDI were derived based on modelled 

cost-effectiveness outputs.  

• The model analysis comprises of three phases, including: (1) a de novo 

three-stage MPS framework to identify in advance minimum performance 

specifications based on clinical and cost-effectiveness outputs for each 

test turnaround time values; (2) univariate deterministic sensitivity and 

scenario analyses to identify key drivers of cost-effectiveness changes in 

the model (as identified in phase 1); and (3) univariate deterministic 

sensitivity and scenario analyses exploring the impact of selected key 

drivers (identified in phase 2) on the minimum performance specifications 

identified in phase 1.  

• The presented MPS framework represents the first application of EEE 

methods as a means of deriving minimum performance specifications for 

key properties of TPPs for tests. 

The final chapter (Chapter 7) summarises the key findings and provides a 

discussion of the thesis.  
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Chapter 7  

Discussion 

7.1 Chapter outline 

The final chapter of this thesis discusses the research findings. The main findings 

from each chapter are first summarised (see section 7.2), followed by an overview 

of recommendations for developing TPPs (section 7.3), with a focus on the 

methodology employed to elicit unmet clinical needs (i.e. scoping phase of TPPs) 

(section 7.3.1) and for integrating EEE methods into TPP development (section 

7.3.2). The final sections of this chapter conclude with the limitations of the thesis 

(section 7.4), suggestions for future research (section 7.5), and an overview of 

the impact of the presented work (section 7.6).  

7.2 Research findings 

Chapter 1 of this thesis introduced the use of TPPs as a means of ensuring that 

innovation and research efforts are focused on tests that are ‘fit for purpose’. 

Based on published examples of early economic models for tests, the argument 

was made that EEE methods could help to inform key desirable test 

characteristics for TPPs. The aim of this thesis was therefore to explore how EEE 

methods could be integrated into the TPP development process for medical tests. 

The systematic review presented in Chapter 2 aimed to identify the current 

methodology for developing TPPs for medical tests (1). A common development 

process for TPPs was identified (consisting of scoping, drafting and consensus-

building phases), as well as key limitations with the current methods applied 

within TPPs, including: (i) a heavy reliance on subjective data sources; (ii) poor 

transparency in reporting the methods underpinning TPP development; (iii) a lack 

of explicit consideration of clinical utility when defining test specifications; and (iv) 

an oversight of cost-effectiveness considerations. Based on these limitations, the 

potential benefits of integrating EEE methods into the development process for 

TPPs were presented (2). Using EEE in this context was proposed as a means 

of facilitating a more objective, evidence-based and transparent approach to 

defining test performance specifications, while also providing a structured 

approach to understanding and modelling the care pathway within which new 

tests might sit (2). The ability to iteratively update early economic models as new 

evidence emerges, and to identify future research priorities based on the findings 
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of sensitivity and scenario analyses, were highlighted as key advantages of EEEs 

(2).  

The suggested EEE methods were then applied to a case study – a new rapid 

diagnostic test for CDI (Chapter 3 to Chapter 6) – to explore how EEE methods 

may be utilised to derive core TPP performance specifications. Chapter 3 

provided the clinical context to the case study – with a particular focus on the 

laboratory diagnosis of CDI, and the uncertainty around when and who to test for 

CDI. Two main types of diagnostic strategies for CDI were outlined, including: (i) 

standalone tests – diagnostic tests detecting a single target analyte; and (ii) 

testing algorithms – a combination of two or more standalone tests. The available 

diagnostic strategies for CDI were presented, followed by an overview of the UK 

clinical pathway for patients suspected and confirmed with CDI.  

To guide the development of a future TPP for new diagnostic tests for CDI, the 

online survey of UK healthcare professionals presented in Chapter 4 was 

conducted as a means of identifying current approaches to CDI diagnosis, unmet 

clinical needs for new CDI diagnostics, and problems associated with the current 

diagnostic pathway for patients suspected with CDI. Forty-eight participants 

completed the survey, the largest group of whom were infection control nurses 

(n=21), followed by consultants (n=9). Watery stools and unexplained diarrhoea 

were the main symptoms found to prompt suspicion of CDI among clinicians, with 

older patients being more frequently suspected of CDI. Due to the lack of an 

accurate standalone test, a variety of testing algorithms are used across different 

hospital laboratories, with running EIA GDH and EIA toxin A/B being the most 

commonly reported testing algorithm. Infection-control measures were usually 

initiated upon suspicion of CDI, and decisions around when to de-escalate these 

measures were mostly driven by resolution of symptoms. The primary issues 

highlighted as hindering the diagnosis of CDI concerned difficulties in identifying 

who requires testing, and issues with sample collection (i.e. problems in obtaining 

an adequate stool sample). Test turnaround time was also mentioned as an 

issue. Key identified requirements for a new CDI diagnostic included: (i) quicker 

turnaround time; (ii) less invasive sample requirements; and (iii) high diagnostic 

accuracy.  

Chapter 5 described the structure, development, parameterisation and 

implementation of a de novo early economic model, which aimed to compare the 
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cost-effectiveness of a new hypothetical point-of-care diagnostic test (HT) for CDI 

against standard care. Findings from a rapid literature review of published 

decision models for CDI diagnostics (n=8) informed the development of the 

structure and parameterisation of the model, while also highlighting key 

methodological limitations of past models. These included: (i) a failure to capture 

the full range of different events associated with the clinical pathway for CDI; and 

(ii) a weak evidence base in relation to the health-related utility weights for CDI. 

In addition, the majority of past models failed to capture capacity considerations 

when evaluating the cost-effectiveness of CDI diagnostics. A de novo 

deterministic resource-constrained DES model was then developed to reflect the 

key processes underpinning the diagnostic and clinical pathways for patients 

suspected with CDI, based on data from COMBACTE-CDI datasets, literature 

and consultations with clinical experts in the absence of published data. The 

model is able to simultaneously capture the movement of patients through the 

hospital (e.g. single room isolation, stay in general ward) and the testing 

processes undertaken on each patient’s test sample, while accounting for the key 

capacity constraints of limited single rooms for patient isolation. 

Chapter 6 presents the model analysis, which aimed to identify minimum 

performance requirements and maximum costs for new rapid tests for CDI, based 

on cost-effectiveness considerations. The model analysis comprised of three 

core phases: (1) a novel three-stage MPS framework used to identify minimum 

performance specifications for HT using the NICE WTP threshold per QALY 

gained; (2) a deterministic univariate sensitivity analysis and scenario analyses 

on the clinical and cost-effectiveness outcomes associated with the minimum 

performance specifications to identify key drivers of change; and (3) a 

deterministic univariate sensitivity analysis and scenario analyses to explore how 

the minimum performance specifications identified in phase 1 would change 

according to changes in the values of key drivers identified in phase 2. The results 

of the MPS framework and broader model analysis presented in Chapter 6 

illustrate how EEE methods can be utilised to derive minimum key performance 

requirements for TPPs, and isolate influential drivers of cost-effectiveness 

considerations. These findings should be discussed with clinical experts and 

relevant stakeholders to define the minimum and optimal performance 

requirements for rapid tests for CDI within a future TPP.  
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7.3 Implications of findings and suggested recommendations 

for developing TPPs for medical tests 

The variability in the methods employed to draft TPPs found in the systematic 

review of TPPs presented in Chapter 2, as well as the poor transparency in 

methodological reporting, indicate the need to develop guidance for drafting 

TPPs for tests. The increased interest and use of TPPs for medical tests during 

the COVID-19 pandemic heightens the need for formal guidance as to best 

practice methods for producing clinically meaningful, evidence-based TPPs.  

Below general considerations for TPP development are summarised, followed by 

more specific discussion of recommendations for: (i) the scoping phase of TPPs 

– based on the findings of the systematic review in Chapter 2, and the online 

survey in Chapter 4 (see section 7.3.1); and (ii) the integration of EEE methods 

into the TPP development – based on the model findings from Chapter 5 and 

Chapter 6 (see section 7.3.2).  

Based on the findings of Chapter 2, future guidance in this context could feature 

the following general recommendations for TPP development, including:  

• transparent reporting of the data sources used to inform a TPP – a 

minimum level of methodological reporting should be required to draft well-

developed TPPs (e.g. providing a biography of literature reviewed, 

justification for selected data sources, providing details on which clinical 

experts and stakeholders took part in consultations, listing all activities 

undertaken to develop a TPP). As well as improving transparency, this 

would help in the process of updating the TPP once new evidence 

emerges. 

• systematic assessment of the data sources to inform a TPP – this 

guidance document could also provide developers of TPPs with 

recommendations on: (i) which source of evidence to review first (e.g. 

literature, modelling studies, available data); and (ii) how to proceed in 

case more robust evidence is not available (e.g. recommendations on how 

to systematically elicit and report views of clinical experts and 

stakeholders).  

• adherence to a consistent terminology of test characteristics listed 

in TPPs – having a consistent and clear terminology for the test 
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specifications underpinning the key evidence domains (e.g. analytical 

performance, clinical validity) across different TPPs could increase their 

comparability, while also enhancing their applicability for the industry. This 

glossary could be based on published frameworks for the test evaluation 

pathway (21), in addition to the Clinical & Laboratory Standards Institute 

(CSLI) Harmonized Terminology Database for analytical and technical 

terminology (321).  

7.3.1 Recommendations for scoping phase of TPPs 

Based on the findings of the systematic review discussed in Chapter 2, as well 

as the results and limitations of the online survey presented in Chapter 4, this 

section provides recommendations related to the scoping phase of TPPs, with a 

focus on: (a) what are the requirements to conduct a well-executed scoping 

phase for a TPP (section 7.3.1.1); and (b) how to effectively elicit stakeholders’ 

views on unmet clinical needs (see section 7.3.1.2).  

7.3.1.1 What are the requirements to conduct a well-executed scoping 

phase for a TPP?  

Core to the scoping phase of a TPP is to engage with a multidisciplinary panel of 

stakeholders and clinical experts to identify what clinical needs a TPP should 

address (1). Engagement and recruitment of healthcare professionals into 

research projects, however, can be challenging due to several barriers. These 

include: (i) lack of respondents’ time and additional project-related work required; 

(ii) lack of interest in the research project due to poorly formulated or irrelevant 

study questions, or limited familiarity with the topic being evaluated; and (iii) 

difficulties in accessing databases of healthcare professionals due to data 

protection (322, 323). For instance, clinician response rates to surveys are 

usually low (324, 325), with the response rates from primary care professionals 

typically ranging between 10.3% to 61% (326-329).  

The challenges in engaging with clinical experts were demonstrated in the online 

survey of UK healthcare professionals presented in Chapter 4. The lower-than-

expected uptake and difficulties in the dissemination of the online survey on CDI 

diagnostics could be due to several factors, including (a) difficulties in recruiting 

time-limited respondents in the context of the COVID-19 pandemic; (b) lack of 

engagement from the relevant opinion leaders in the field; or (c) lack of incentives 
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for the respondents to complete the survey. Healthcare professionals receiving 

monetary or non-monetary incentives are more likely to fill in a survey compared 

to professionals given no incentive (324, 330, 331). 

The barriers to the dissemination strategy of the online survey on CDI diagnostics 

suggest key requirements for conducting a well-executed scoping phase for a 

TPP. These include: (i) having access to a large network from which to draw key 

thought leaders and respondents; (ii) sufficient time and resources for recruitment 

(e.g. monetary and non-monetary incentives); and (iii) the possibility to organise 

focus groups to elicit initial suggestions in regards to clinical problems in the 

disease of interest, or to validate survey findings. These key requirements 

indicate that TPP scoping activities are more likely to be successful when 

significant financial and infrastructure support is available (e.g. with support from 

a large healthcare organisation or charity, such as FIND or CRUK) to be able to 

invest in wide-scale recruitment and attract engagement with key opinion leaders 

and relevant stakeholders. 

Alternatively, in the context of limited financial and infrastructure support, TPP 

scoping activities may still have a high probability of success in scenarios where 

the disease area being investigated is considered a health priority. Surveys 

focusing on topics of high interest usually attract more respondents among 

healthcare professionals (325). For example, an online survey aiming to identify 

and prioritise use cases for new COVID-19 diagnostics yielded 447 responses 

despite having a short dissemination period (25 days) (73). Compared to the 

online survey on CDI presented in Chapter 4, response rates for the COVID-19 

survey were substantially higher, presumably as many clinicians regarded the 

COVID-19 pandemic as a key priority. In addition, at the early stages of the 

pandemic, testing strategies had a key role in curbing the spread of infection 

thereby explaining the higher interest for the online survey on COVID-19 

diagnostics.  
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7.3.1.2 How to effectively elicit stakeholders’ views on unmet clinical 

needs? 

Based on the findings of the systematic review of TPPs (see Chapter 2), a variety 

of methods were employed to scope the unmet clinical need of interest. This lack 

of a consistent methodology to the scoping phase indicates a need for a more 

structured and effective approach to identifying the clinical problems TPPs should 

address. Based on the design and validation process of the online survey 

presented in Chapter 4, key suggestions relevant to the elicitation of unmet 

clinical needs TPPs should address are discussed below.  

Scoping unmet clinical needs might require several sequential activities to come 

to an agreement on which clinical problems a TPP should focus on – particularly 

when dealing with a complex testing pathway (such as that for patients suspected 

of CDI), or ‘hard to reach’ clinical audiences. In such cases, unless data 

saturation is reached during the analysis of survey responses, further rounds of 

dissemination and/or consultations with clinical experts and relevant stakeholders 

might be required to reach consensus. A possible alternative approach may be 

to base initial suggestions of potential issues hindering the care pathway of 

interest on literature findings and initial focused consultations with relevant 

stakeholders, and later expand on and validate those initial findings with a 

broader audience (e.g. via an online survey). Based on best practices for eliciting 

unmet clinical needs of the principal investigators of the National Institute of 

Biomedical Imaging and Bioengineering Point-of-Care Technologies Research 

Network (POCTRN), qualitative research methods (e.g. focus groups and 

literature reviews) are a useful first step to understand the context of interest and 

to gather perspectives from various stakeholders (5). Results from qualitative 

studies are then helpful to devise larger and more quantitative surveys which 

allows the researcher to obtain responses from a wider cohort on a smaller, more 

focused set of questions (5).  

In addition, a key first step in understanding the unmet clinical need and clinical 

problems in a certain disease area is to map the care pathway in which the new 

(and existing) technology will sit. Unmet clinical needs are rooted in the care 

pathway of interest (18), which is dependent on the clinical setting. While the 

online survey presented in Chapter 4 was initially based on the EFLM checklist 

for identifying unmet clinical needs for new biomarkers (17, 18), the original 
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checklist was heavily edited during the design and validation process to make the 

questions more tailored to the disease of interest and to better map the care 

pathway being evaluated. Asking respondents to indicate clinical problems 

affecting a certain disease with no contextual questions on the care pathway of 

interest was perceived as challenging. The feedback received during the pre-

testing phase of the survey suggested that first mapping the care pathway of 

interest provides a solid foundation for understanding what issues affect that 

given pathway. Instead of asking generic questions (e.g. “What are the unmet 

clinical needs in the context of this disease?”), a more efficient approach is to first 

describe the processes in place for diagnosing a certain condition, and then to 

identify the issues hindering the diagnosis of that condition. Mapping the care 

pathway in advance also helps to specify any sources of variation in the testing 

protocol (e.g. what testing strategies are used, when to test patients) and clinical 

decision-making across different settings.  

While the use of conditional branching questions allowed customisation of the 

questions being asked as part of the survey presented in Chapter 4, conducting 

an online survey might be an impractical approach to map the typical care 

pathway under evaluation – especially where several testing options or 

sequential steps are included as part of the pathway. In the context of complex 

care pathways, conducting a focus group of clinical experts with the possibility of 

asking follow-up questions might have been a more efficient approach to initially 

determine the care pathway. Key differences within the pathway of interest (e.g. 

testing strategy option) could then be investigated at later stages via an online 

survey to identify the most frequent option across different clinical settings.   
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7.3.2 Recommendations for integrating EEE methods into TPP 

development  

This thesis has provided a pragmatic approach to derive minimum performance 

specifications for new (and existing) tests based on clinical- and cost-

effectiveness considerations. The proposed MPS framework and model analysis 

presented in Chapter 6 represent the first application of EEE methods used to 

inform TPP performance specifications. This use of EEE represents a major shift 

in TPP methodology, and is expected to pave the way for similar studies in the 

future. Guidance as to when and how to integrate EEE methods in the typical 

TPP development process would therefore be highly beneficial. In particular, 

future recommendations should address four key questions: (i) what is the role of 

early economic models in the context of TPP development; (ii) what are the main 

requirements for a model-based EEE in the context of TPP development; and (iii) 

how should the MPS framework be applied to derive TPP specifications.   

7.3.2.1 What is the role of early economic models in the context of TPP 

development? 

Results from an early economic model are useful to narrow down the range of 

quantitative performance specifications (e.g. diagnostic accuracy, test price) 

which result in the test of interest being cost-effective, and also demonstrates 

how different test properties (e.g. diagnostic sensitivity and specificity) and other 

factors of the clinical context interact (2). The intended use of EEE results in the 

context of TPP development is therefore to provide clinical stakeholders and 

experts with evidence-based data to define minimum and optimal TPP 

performance requirements based on cost-effectiveness considerations, as 

opposed to drawing definitive conclusions on the cost-effectiveness of a 

hypothetical test. Rather than replacing other data sources within TPP 

development, EEE results in this context should be regarded as a means of 

informing and supporting a group consensus (2). Because of the inevitable 

amount of uncertainty within a model-based EEE, consultations with relevant 

stakeholders should be regarded as key to ensure that the early economic model 

captures the nuances of the clinical context, and that the estimated performance 

specifications using the MPS framework are technically and clinically feasible.  

Ideally stakeholders and clinical experts should be engaged throughout the 

model development, so that they understand and agree with the model scope, 
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structure and assumptions, and can interpret the results in light of these aspects. 

While the importance of clinical input and feedback is relevant for every model, 

in the context of TPP development stakeholder input is pivotal to ensuring that 

the application of the MPS framework is ‘fit for purpose’, and that the modelling 

results are clinically and economically valid. Details on the key aspects TPP 

developers and relevant stakeholders should discuss prior to develop an early 

economic model and to run the MPS framework are presented in section 7.3.2.3. 

7.3.2.2 What are the main requirements for a model-based EEE in the 

context of TPP development?  

Based on the strengths and limitations of the model presented in Chapter 5, key 

requirements are suggested for developing an early economic model as a means 

of informing TPP specifications. The following sections discuss each of these 

requirements.  

Modelling technique should be ‘fit for purpose’  

Initial discussion should take place at the early TPP development stages as to 

which modelling technique to adopt. As discussed in Chapter 5, this choice 

depends on the decision being evaluated, as well as which key mechanisms must 

be captured within the model. An additional consideration is the intended value 

proposition of the hypothetical test being evaluated, as well as which performance 

dimensions to capture within the model. For example, if there was a need for a 

new rapid test, modelling techniques where the timing of events are captured 

would be most suitable for deriving minimum specifications for test turnaround 

time.  

Depending on the research question at hand and the test performance 

dimensions being evaluated, simpler decision models (e.g. decision trees or 

Markov models) could be used to derive minimum performance specifications. 

For example, decision trees are often used to identify minimum diagnostic 

accuracy and maximum price for a hypothetical test based on cost-effectiveness 

considerations – as discussed in Chapter 1. The crucial point is that, whatever 

modelling approach is adopted, the processes underpinning the model 

development and selection of model data should be fully transparent and justified.  
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Balance granularity and generalisability of the model structure  

Modellers should decide at early TPP development stages as to whether the 

model structure should resemble clinical practice in a specific setting or be 

generalisable across different clinical settings. If there are significant regional 

differences in the clinical pathway being evaluated, it is suggested to focus on a 

specific clinical setting (e.g. LTHT as in the model outlined in Chapter 5), while 

also allowing for the possibility of exploring the impact of different clinical 

practices and assumptions via scenario analyses. Consultations with clinical 

experts should inform the most relevant clinical scenarios to explore as part of 

the model analysis, as presented in Chapter 6 (i.e. phase 2). This should help to 

focus the model on clinically relevant scenarios, reducing the risk of 

overwhelming stakeholders with excessive information.  

Adopt a technology-agnostic perspective when appropriate 

The degree of detail surrounding the outline of the hypothetical test being 

evaluated (e.g. number of samples being tested, how many testing kits are 

available in a certain clinical setting) should reflect the stage of the TPP being 

developed. Technology-agnostic early economic models evaluating a generic 

hypothetical test would better support the development of early TPPs aiming to 

defining the key requirements for new tests to address identified unmet clinical 

needs. In this context, it is recommended against making unnecessary 

assumptions about the hypothetical test – unless these assumptions are 

supported by consultations with clinical experts. For example, modelling 

techniques with the ability to capture key processes underpinning the testing 

workflow (e.g. DES and ABS models) allow modellers to simulate in granular 

detail the main features of the hypothetical test which, without the necessary 

clinical input, might appear arbitrary and redundant. Later model iterations could 

capture more detailed information and assumptions on the test being evaluated 

once new evidence on the desirable performance specifications and the clinical 

pathway emerges. More detailed TPPs may also be produced at later stages 

when specific technologies are starting to be developed and to enter the market 

(i.e. moving beyond the purely ‘hypothetical’ stage).  
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Develop a flexible, transparent and open-access model  

The developed model should be sufficiently flexible to conduct extensive 

sensitivity analyses without requiring substantial time to run multiple simulations. 

Developing a flexible model also allows simulation of the impact of alternative 

clinical scenarios on the model outcomes via scenario analyses, and ensures the 

model structure and parameters can be easily updated once new evidence 

emerges.  

In addition, early economic models in this context should not be perceived as 

‘black boxes’ by the clinical stakeholders. Instead, full model documentation 

should be made available providing accessible information on: (i) clinical 

assumptions; (ii) structure; (iii) parameterisation; (iv) validation; and (v) analysis. 

Ideally, model-based EEEs in this context should also be programmed in 

free/widely available software (e.g. Microsoft Excel, R, Python) and the model 

coding made publicly available in open access platforms (e.g. GitHub). This also 

allows the model parameters and structure to be updated once new evidence 

becomes available, thereby ensuring that TPP performance specifications are 

efficiently updated over time.  

7.3.2.3 How should MPS framework be applied to derive TPP 

specifications ? 

While the framework developed in this thesis focused on a specific case study, 

the proposed methods could be extended to different clinical areas. To ensure 

that the proposed MPS framework is ‘fit for purpose’ in the context of TPP 

development and to make it more generalisable to other clinical settings, initial 

discussions among TPP developers and relevant stakeholders should take place 

around: (1) what test performance dimensions to capture within the early 

economic model; (2) what is the meaning of ‘minimum’ and ‘optimal’ test 

requirements; and (3) what model outputs should be considered to derive 

minimum performance requirements for HT.  

Each of these key questions are discussed below, based on the model analysis 

and MPS framework presented in Chapter 6.  

What test performance dimensions should be included within the model? 

While defining the minimum and ideal properties for a hypothetical test, high 

uncertainty is unavoidable as test specifications may vary when considering 
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different aspects underlying either the test itself or the care pathway (2). Initial 

discussions with clinical experts and relevant stakeholders are therefore an 

important step for determining what key minimum performance requirements 

should be derived using the MPS framework. This pragmatic decision should 

reflect the unmet clinical need for tests in the context of the disease of interest, 

and most importantly, the expected value proposition of the hypothetical test. For 

example, if a need for a rapid and accurate test emerges during the scoping 

phase, the model should capture both diagnostic accuracy and test turnaround 

time as key performance dimensions.  

The early economic model presented in Chapter 5 and Chapter 6 focused on 

minimum performance specifications for diagnostic accuracy, test turnaround 

time and cost, but it is plausible that the MPS framework could be expanded to 

inform additional aspects of the TPP – such as analytical performance 

requirements (e.g. maximum bias and imprecision of the test). Past authors have 

used decision models to show the link between changing analytical validity (e.g. 

bias and imprecision) and clinical outcomes, indicating that it is possible to 

integrate elements of analytical validity into decision models evaluating the cost-

effectiveness of alternative testing strategies (332, 333). This would, however, 

increase the complexity of the model structure and parameterisation. In 

particular, the modeler would need data to inform how analytical validity 

influences the diagnostic accuracy of the test under consideration. Data on this, 

however, would most likely be unavailable for a hypothetical test. Whilst there 

may not be sufficient data to model the impact of analytical validity on outcomes 

in the context of hypothetical tests, once the clinical performance benchmarks for 

a 'real' test are derived, these could be used by laboratory professionals to help 

them derive maximum allowable levels of bias and imprecision. 

Clearly as the number of performance values to be addressed increases, the 

complexity of the analyses required also rapidly expands as well as the risk of 

overwhelming relevant stakeholders with excessive modelling results. This, in 

turn, indicates that the decision around which test performance dimensions to 

include in the model should also reflect practical factors, such as model 

computational time and project deadlines. In the context of time-constrained 

projects, a viable approach would be to predominantly focus on test 

characteristics which drive the unmet clinical need (e.g. need for a more accurate 
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test, or need for a quicker test result). Deriving performance benchmarks for 

analytical validity within this framework is possible, although the methods to do 

this are not currently part of routine decision modelling practice. This requires 

further research and additional case studies to better understand how to integrate 

these new methods into the TPP development process.  

What is the definition for ‘minimum’ and ‘optimal’ test requirements? 

Based on the findings of the systematic review presented in Chapter 2, there is 

no common definition for ‘minimum’ and ‘optimal’ requirements applied across 

TPPs – coupled with a poor transparency in providing a definition for these key 

terms (1). This suggests the need to adhere to a consistent and transparent 

terminology throughout the TPP development process.  

Initial discussion within clinical experts and relevant stakeholders should 

therefore take place in the early TPP development phases, to agree on the 

definitions for ‘minimum’ and ‘optimal’ requirements. Based on past TPPs, 

‘optimal’ requirements for diagnostic accuracy were often set at over 99% for 

sensitivity and/or specificity, without any clear assessment of whether such 

optimal requirements could be feasibly achievable by test manufacturers. As 

diagnostic accuracy is bounded between 0% and 100%, the theoretical ‘optimal’ 

target will always be perfect diagnostic accuracy (100% sensitivity and 

specificity). This, however, ignores: (i) what new (or existing) testing technologies 

can feasibly achieve; and (ii) the current accuracy of the diagnostic reference 

standard. For instance, assuming that the standard testing strategy for a certain 

disease has a diagnostic sensitivity of 80%, setting an optimal requirement of 

100% for diagnostic sensitivity for any new competitor diagnostics is likely to be 

unrealistic for test manufacturers and may even stifle innovation or encourage 

biased study designs and reporting. Initial consultations with clinical experts and 

relevant stakeholders are therefore pivotal to set clear definitions for ‘minimum’ 

and ‘optimal’ requirements to ensure that an agreed and consistent definition is 

applied throughout the TPP development process. In this context, future 

qualitative research could investigate what key factors stakeholders consider 

when defining ‘minimum’ and ‘optimal’ requirements (e.g. performance and 

characteristics of the diagnostic reference testing and/or available testing 

options). 
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What model outputs should be considered to derive the minimum 

performance specifications for HT? 

To make the MPS framework ‘fit for purpose’ in the context of TPP development, 

a first task for TPP developers and relevant stakeholders is to reach a consensus 

on the jurisdiction, targeted audience and primary outputs of the early economic 

evaluation being conducted. Parameterisation and primary outcomes of 

economic evaluations – early or otherwise – are dependent on the jurisdiction 

and decision-maker of interest who, in turn, dictates what pre-specified decision 

criterion is used to inform the analysis. The MPS framework is expected to 

produce meaningful minimum performance specifications providing that it 

evaluates output(s) and applies a decision criterion which is ultimately relevant 

for the decision-maker(s) of interest. For example, were NICE the targeted 

audience of the early economic evaluation being conducted, the MPS framework 

should apply the WTP per QALY gains to estimate the minimum performance 

specifications. At early stages of TPP development, however, it may be plausible 

that there is no specific decision-maker for the economic evaluation being 

conducted given the early stages of product development and technology 

assessment. It is therefore recommended to consider different model outputs that 

might be of interest to the decision-maker(s) in charge of the procurement 

process of new tests in a given jurisdiction (e.g. NICE and NHS commissioners 

in the UK). This, in turn, is expected to increase the perceived utility of the MPS 

framework and the applicability of the estimated minimum performance 

specifications.  

In addition, it is important to liaise with clinical experts and stakeholders to 

address four key questions relating to what model outputs to use to derive 

minimum performance specifications. These questions include: (i) were the 

QALY gains deemed to be an output of interest and do they sufficiently capture 

the (expected) benefits of introducing a new diagnostic test on patients’ health 

and the clinical pathway of interest; (ii) what intermediate clinical model outputs 

should be considered when evaluating the clinical effectiveness of HT; (iii) in the 

context of multiple clinical outputs of interest, how should these outputs be 

combined to define when the HT is considered clinical inferior/superior compared 

to standard care; and (iv) whether it is appropriate to exclude clinical inferior 
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options which may be considered cost-effective due to cost savings. Each of 

these key questions are discussed below.  

The use of WTP threshold per QALY gains: do QALY gains fully capture the 

expected benefits of a new test? 

Core to the presented MPS framework is the use of a pre-specified WTP 

threshold to derive the minimum performance requirements for a hypothetical test 

to maintain cost-effectiveness compared to standard care. The suggested EEE 

methods and MPS framework using the WTP threshold per QALY gains are 

expected to provide informative results (i.e. minimum performance specifications) 

in the context of health conditions where at least one of the following 

requirements is met:  

• test results inform clinical decision-making regarding treatment – i.e. 

laboratory results play a major role in deciding whether or not to administer 

treatment to patients;  

• there is evidence (or a justification, in the context of a paucity of data) that 

the test-informed treatment decisions will have an impact on patients’ 

survival and/or quality of life  

Were one of these requirements be met, the proposed EEE methods and MPS 

framework would provide meaningful minimum performance specifications for a 

test to maintain cost-effectiveness as there is sufficient evidence (and/or a 

justification) that a test could have an impact on patients’ survival and/or quality 

of life. Alternatively, in a scenario where there is limited data on the impact of a 

test on these outcomes, or where several assumptions need to be made to 

capture the impact of testing on patients’ long-term health outcomes, the value of 

deriving the minimum performance specifications using the WTP per QALY gains 

might be questionable. Difficulties in capturing the impact of testing strategies on 

QALYs, however, is a common issue among economic evaluations for diagnostic 

tests given the indirect impact tests have on patient health which is usually 

mediated through treatment effectiveness (21). Even in the context of a case 

study where there is (currently) a paucity of evidence and/or justification of the 

impact of the test-treatment pathway on QALY gains, future iterations of the 

model could include additional data when made available, with the possibility of 

re-running the MPS framework to derive up-to-date performance requirements. 
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In the context of limited evidence (and/or justification) of the impact of the test-

treatment pathway on patients’ survival and/or quality of life, or in the context of 

other outcomes of interest to relevant decision-maker(s), alternative clinical 

outcomes could be measured to quantify the full impact a new test, beyond the 

QALY. Assigning an explicit monetary value to secondary clinical outcomes, 

however, is challenging, as an explicit WTP threshold is missing in this case – 

outside of the assessment of QALY gains. A possible alternative, in cases where 

a different clinical outcome is of primary importance, could be conducting a WTP 

elicitation exercise with the clinical stakeholders involved in the TPP development 

process, or additional participants where necessary. This would allow the 

methodology as presented in Chapter 6 to be employed, using the elicited WTP 

value as a means of calculating acceptable test performance levels based on 

cost-effectiveness considerations. The trade-off in this case would be the 

additional time and resources required to run such an elicitation exercise.  

What clinical model outputs should be considered within the MPS 

framework? 

In the first stage of the MPS framework (i.e. assessment of clinical -effectiveness 

outputs), the aim was to rule out performance specifications where HT would be 

considered clinically inferior compared to standard care based on selected 

clinical outputs. Within the model analysis outlined in Chapter 6, HT was 

considered to be clinically inferior compared to standard care when: (i) HT led to 

negative incremental QALYs, and (ii) HT increased the number of secondary 

infections. As this model aimed to explore the impact of a new POCT on reducing 

the infection spread, the number of new secondary infections prevented was 

regarded as an appropriate metric of clinical effectiveness for HT – in addition to 

QALY gains. This decision, however, was not supported by any discussion with 

clinical experts or key stakeholders.  

In case studies where intermediate clinical outputs are considered of importance 

by the decision-maker(s) of interest, initial discussions with clinical experts should 

focus on what intermediate clinical model outputs to consider when evaluating 

the clinical effectiveness of HT (e.g. number of secondary infections averted, 

reduction in inappropriate antimicrobial prescriptions) – in addition or as a 

substitute of the QALY gains. The definition of when a HT is considered clinical 

inferior/superior, compared to standard care should be dependent on clinical 
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model outputs that are ultimately relevant for stakeholders and decision-makers 

of interest. In addition, in the context of multiple clinical outputs of interest, it is 

important to reach an agreement on how multiple clinical outputs should be 

combined in order to define when the HT is considered clinical inferior/superior 

compared to standard care. This, in turn, will help ensure that the MPS framework 

produces results that are considered clinically meaningful to stakeholders, in line 

with a consensus-based definition of clinical effectiveness. 

Is it appropriate to exclude clinical inferior options? 

An additional aspect to discuss with clinical experts and relevant stakeholders 

relates to the relative importance of cost-savings over clinical-effectiveness when 

determining if HT is cost-effective versus standard care. In the second stage of 

the MPS framework (i.e. assessment of cost-effectiveness outputs) presented in 

Chapter 6, the aim was to rule out combinations of diagnostic accuracy where HT 

was not expected to be clinically- and cost-effective – based on the selected 

clinical outputs. Healthcare interventions with lower clinical benefits but leading 

to cost savings, however, would still be considered cost-effective if they yield a 

positive INMB (i.e. if the cost savings are considered sufficient to outweigh the 

health losses) (61).  

In the context of the case study, the exclusion of clinically inferior options was 

considered appropriate given that the hypothetical POCT was not expected to 

deliver significant cost savings compared to standard care testing practice – 

especially since the latter involves batch testing. In addition, clinically inferior 

testing strategies would not be expected to be acceptable in the context of TPP 

development. In other clinical contexts, however, cost savings could be of equal 

or more interest to relevant stakeholders; it is important therefore that initial 

discussion should take place to ensure that the relevant clinical and economic 

outcomes, as well as their relative importance, are effectively captured within the 

MPS framework. For instance, relevant stakeholders and decision-makers might 

be interested in a new test which (i) improves patient health outcomes but it leads 

to higher costs; or (ii) is both more clinically effective and cost saving compared 

to standard care. These decisions reflect the value proposition of a new test and 

ultimately the unmet clinical need the new test and the TPP are attempting to 

fulfil. Stating upfront the relative importance of clinical effectiveness and cost-
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saving, and how this stems from the value proportion of a new test, is expected 

to increase the interpretability and generalisability of the MPS results.   

Addressing key discussion points presented in this section will ensure that the 

MPS framework produces evidence-based minimum performance requirements 

that are clinically and economically meaningful to the relevant stakeholders 

involved in the TPP development process.  

7.4 Thesis limitations 

Limitations of the thesis have been discussed in depth within each chapter. Key 

overarching limitations of the thesis are summarised here. A key limitation of this 

thesis lies in the limited engagement with clinical experts and relevant 

stakeholders throughout different stages of the research. As mentioned in the 

COVID-19 impact statement, it was not possible to establish a multidisciplinary 

stakeholder group to present and discuss the methodology and findings of the 

presented research. This limitation affected different stages of the presented 

work, including:  

• online survey presented in Chapter 4 – the low response rate, coupled 

with a lack of engagement with key stakeholders in the field of CDI 

diagnosis (e.g. patient and industry representatives), might limit the 

generalisability of the survey findings. Had patients’ preferences been 

captured in the survey, findings would be expected to indicate that most 

perceived problems hindering the diagnosis of CDI revolved around issues 

patients directly experience, such as the sampling (e.g. patients’ 

acceptability to sampling) and post-analytical phase of testing (e.g. how 

test results are communicated). This, in turn, might have changed the 

selection of the test characteristics to be investigated as part of the model 

presented in Chapter 6. To address this limitation, further rounds of 

dissemination, or alternatively presenting the results to a multi-disciplinary 

stakeholder panel, would help to validate the survey findings with different 

respondent groups from those targeted as part of the dissemination 

strategy.  

• MPS framework and model analysis presented in Chapter 6 – while 

the structure of the model was developed based on several consultations 

with clinical experts (see Chapter 5), many decisions around the 

implementation of the MPS framework were not discussed with or 
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presented to relevant stakeholders due to the COVID-19 pandemic. For 

example, key decisions around: (1) what performance dimensions to 

capture within the model; (2) the meaning of ‘minimum’ and ‘optimal’ test 

requirements; and (3) what model outputs should be considered to derive 

minimum performance specifications for HT (see section 7.3.2.3) were not 

presented and discussed with a TPP development expert stakeholder 

group due to difficulties in engaging with stakeholders in this context 

because of the COVID-19 pandemic. It is therefore unclear at this stage if 

the expert stakeholder would have trusted presented modelling results 

sufficiently to guide the TPP performance specifications. Consultations are 

expected in the future, as part of the wider research project (see Chapter 

1 for more detail), in which results from the MPS framework will be 

discussed with relevant stakeholders and clinical experts, and used to 

agree on the final performance specifications for a future TPP on new 

diagnostics for CDI.  

7.5 Future research recommendations 

Based on the presented work, key areas for future research are recommended. 

As discussed in Chapter 1, historically there have been three applications of 

TPPs for healthcare products: (i) in-house industry-led documents; (ii) voluntary 

briefing documents; and (iii) guiding documents to stimulate innovation (46, 50). 

Although the scope of this thesis was on TPPs in general in the context of medical 

tests, the research presented in this thesis focused on the third application of 

TPPs – i.e. as guiding documents to steer and support the development process 

of new ‘fit for purpose’ healthcare technologies in response to perceived unmet 

clinical needs. This might be explained by the records retrieved and included as 

part of the systematic review of TPPs presented. As discussed in Chapter 2, the 

publicly available TPPs for tests were primarily developed by global health 

organisations as a guiding document to identify necessary features of new tests 

to address a health priority. Despite this, the methodological suggestions 

discussed in this thesis are expected to be useful across all three contexts given 

the similarities across the different applications of TPPs (i.e. the concept of 

‘beginning with the goal in mind’, and the concept of ‘living’ documents). More 

(publicly available) applications, however, are needed to confirm this hypothesis. 

Future research should therefore investigate how industry-led and regulatory 
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TPPs are currently being developed (e.g. typical decision-making process, input 

sources, stakeholders involved in the TPP development), and to explore the utility 

of the presented MPS framework and EEE methods in those settings. 

More research is also required to understand whether and how to include other 

test characteristics (e.g. analytical validity, human factors, infrastructural 

requirements) into the proposed MPS framework. Focusing on analytical 

performance requirements, a methodological framework for deriving outcome-

based analytical performance specifications based on modelled clinical utility and 

cost-effectiveness outcomes has previously been developed (333). Similarly, a 

conceptual framework called Medical Device Usability Stressor-based 

Assessment (MEDUSA) was developed to integrate human factors (e.g. persons, 

technological context, tasks performed, organisation, physical environment) into 

early economic models of medical tests (334). Future research could therefore 

attempt to integrate these methods into the proposed MPS framework as a 

means of informing other test characteristics based on cost-effectiveness 

considerations.  

Future work should also focus on how to best present modelling results and reach 

consensus-based performance specifications. A potential way forward to 

efficiently present results from the MPS framework and the extensive sensitivity 

analyses could be to use interactive web browser-based user interfaces, such as 

R Shiny apps. Stakeholders and clinical experts could use these web apps to 

independently vary the performance dimensions simulated within the model, and 

assess the impact of varying model parameters and structural scenarios on the 

minimum performance specifications identified using the MPS framework – 

without the need to run or understand the model coding. In addition, R Shiny apps 

uses graphical interfaces to efficiently present modelling results which could 

support discussion of the MPS framework results among clinical experts (335). R 

Shiny apps could be useful during the TPP development process as their 

application has been recommended especially in the context of: (i) high 

uncertainty surrounding model parameters; (ii) multiple clinical assumptions to 

test; (iii) the audience of the model comprises of multiple stakeholders; and (iv) 

model structure and parameterisation need to be quickly updated once new 

evidence emerges (335).    
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In addition, future research should explore how to better integrate patient 

preferences for new tests into the TPP development process. To this end, a 

Patient and Public Involvement & Engagement (PPIE) group could be established 

at early stages to ensure that the methods and findings of each phase of TPP 

development (i.e. scoping, drafting and consensus-building) are communicated, 

discussed and validated with patients and members of the public. In the context 

of the scoping phase, initial suggestions on the issues hindering the care pathway 

of interest – elicited either via a survey or a series of focus groups of healthcare 

professionals – should always be validated with patient representatives to ensure 

that patients’ preferences are efficiently captured into the definition of the unmet 

clinical need to address within the TPP. In addition, discrete choice experiment 

(DCE) is a viable means of estimating end-users’ preferences towards different 

test characteristics (e.g. speed of diagnosis, confidence in test results, 

acceptability of sampling) and health-related outcomes. For example, a recent 

cross-European DCE study was conducted to explore patients’ preferences 

towards key attributes for diagnostic tests aiming to reduce antimicrobial 

resistance (336). Similar studies would ensure that new (or existing) tests 

meeting TPP performance specifications would also accommodate patients’ 

preferences. The establishment of a PPIE group and DCE studies, in turn, would 

positively influence the development of TPPs and potentially maximise the uptake 

and adoption of these tests into clinical practice.  

Furthermore, future TPP documents should better indicate what evidence and 

studies are required for manufacturers to prove that their test fulfils the listed 

desirable criteria. Having an explicit link between the desirable performance 

targets and what evidence is required to fulfil these criteria could provide the basis 

for a more efficient evidence-generation pipeline. This may be particularly 

relevant in the context of TPPs used by regulatory bodies. For example, if national 

regulators are going to demand certain (minimum) levels of performance, 

guidance on the study design/research required to obtain evidence on these 

performance requirements would be beneficial for test developers.   

Finally, it would also be valuable to explore if and how TPPs should be integrated 

into existing regulatory paths for innovation such as the EU IVDR (Regulation 

2017/746). It might then be possible to align test characteristics featured in TPPs 

with evidence requirements that are relevant for market approval decisions of 
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new medical tests. Future research should assess if a regulatory application of 

TPPs in this context could ultimately stimulate and accelerate innovation of 

clinically useful diagnostic tests and their adoption into clinical practice.   

7.6 Thesis impact  

There has been increased attention on diagnostic innovation and TPPs in recent 

years and, consequently, findings from this thesis have been of interest to 

national health organisations, charities, and research groups across the UK – 

especially in the context of the COVID-19 pandemic. For example, the systematic 

review presented in Chapter 2 informed the performance items included in the 

first draft of the MHRA TPPs for rapid COVID-19 diagnostics (162). Additionally, 

the structure and question wording of the online survey on the use cases for new 

COVID-19 diagnostic tests (337) was adapted from the online survey for CDI 

diagnostics presented in Chapter 4. Results from the COVID-19 survey fed into 

recent UK guidelines around testing for COVID-19 and the NICE early economic 

model on rapid COVID-19 diagnostics (164). 

More broadly, CRUK have added the generation of TPPs for novel ED&D tests 

as an action within their recently published “Roadmap to the future” (45). Since 

then, the candidate (Cocco P) has been invited to contribute to the development 

of a TPP of a new diagnostic test ovarian cancer as part of an international 

collaboration, funded by the CRUK CanTest Collaborative. An international 

stakeholder expert group has been established and EEE methods will be used to 

help inform TPP test characteristics. This will be the first TPP developed in 

response to the roadmap and will set the precedent methodology-wise for future 

TPP development in cancer diagnostics.  
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7.7 Thesis summary  

The following points summarise the key messages of this thesis: 

• Developing TPPs for medical tests is a multidisciplinary iterative process 

which involves three phases (e.g. scoping, drafting, consensus-building). 

Literature and consultations with experts and stakeholders have been the 

main data sources used within TPPs to date. Given current variability in the 

methods employed to draft TPPs and the poor transparency in methodological 

reporting, further guidance is required for producing clinically meaningful, 

evidence-based TPPs. 

• Using EEE methods to inform TPPs will provide a more objective, evidence-

based and transparent approach to defining combinations of test performance 

specifications based on cost-effectiveness considerations, while also 

capturing key aspects underpinning the care pathway of interest. EEE results 

therefore support the expert group in reaching an evidence-based consensus 

with regards to test performance specifications. EEE methods are also 

sufficiently flexible to allow for the model to be iteratively updated once new 

evidence emerges, while also highlighting key areas for future research. 

• A de novo approach was developed to identify the minimum performance 

requirements and maximum costs for new tests, based on cost-effectiveness 

considerations, while also isolating influential drivers of cost-effectiveness 

changes. The model analysis comprises of three phases, including: (1) a de 

novo three-stage MPS framework to identify in advance minimum 

performance specifications based on cost-effectiveness outputs; (2) 

sensitivity analyses to identify key drivers of cost-effectiveness changes in the 

model; and (3) sensitivity analyses exploring the impact of selected key 

drivers on the minimum performance specifications identified in phase 1.  

• The added value of this framework lies in formalising and structuring existing 

EEE methods in a coherent way as a means of informing minimum 

performance specifications using the WTP threshold as a decision criterion, 

while also accounting for the (inevitable) uncertainty surrounding the minimum 

performance requirements. Further guidance, however, is required to ensure 

that a meaningful integration of EEE methods and results into the typical 

development process of TPP for medical tests is undertaken.   
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Appendix A 

Overview of modelling techniques 

This appendix describes the main features, advantages and limitations of five 

modelling techniques that are relevant for the purposes of this thesis (e.g. 

decision tree models, Markov models, system dynamics models, and discrete 

event simulation models, agent-based simulation models).  

A.1 Decision trees models 

A decision tree illustrates the possible prognoses and/or events a cohort of 

individuals can experience due to a certain healthcare intervention, as depicted 

in a sequence of pathways (61). Decision trees typically feature key elements, 

including: (i) decision nodes – which represent the decisions being assessed; (ii) 

chance nodes – which illustrate a range of possible subsequent events 

conditional on a certain decision; (iii) branches – which represent the link between 

the decision nodes and the subsequent chance nodes conditional of taking a 

certain decision; (iv) pathways – which encompasses the combination of different 

branches following a certain decision. The branches represent mutually exclusive 

pathways individuals can experience following a certain decision; and (v) terminal 

nodes – which are positioned at the end of each pathway and represent the 

outcome being evaluated (e.g. costs, QALYs).  

Each branch is associated with certain costs and probabilities. Total pathway 

costs include the costs associated with each of the events the cohort 

experiences, whilst pathway probabilities represent the product of the 

probabilities in that given pathway (61). 

Decision trees are characterised by a simple structure, which is usually 

recommended while developing any decision model (273, 338), alongside a short 

time-horizon which is suitable for mapping diagnostic pathways (274). Depending 

on the decision being evaluated and the mechanisms a modeller wish to include, 

there are disadvantages in relation to decision trees. This modelling technique 

simulates individuals at the aggregate level, therefore individual characteristics 

(e.g. age, risk factors) are not captured (273). Decision trees also assume no 

interactions among individuals (273), therefore these models are not 

recommended to simulate interactions between individuals, key resources and 

processes within a clinical pathway, as well as spread of infection. Decision trees 
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also do not feature looping events, so individuals cannot re-enter the model once 

they have reached a given terminal point (273). In addition to the above, it is not 

possible to explicitly simulate the passage of time within decision trees as time is 

assumed to be fixed (273, 274).  

A.2 Markov models 

A Markov model is represented by a sequence of mutually exclusive health states 

in which a patient (or group of patients) can remain or move in between at a 

certain point in time (61). The probability of moving between health states is 

represented by transition probabilities. At each discrete unit of time (i.e. cycle), 

patients can either stay in the same state or move to progressive disease state 

or die, depending on the assigned transition probabilities. A key assumption of 

Markov models is the memoryless assumption which means that the transition 

probabilities in a certain time point are independent from the earlier transitions 

between the different health states (61). Within Markov models, the passage of 

time is measured deterministically29 based on an arbitrary cycle length (e.g. 1 

month) during which patients are allowed to move across the health states (273, 

274). Costs and health-related utilities are associated to each health state. To 

compute the total expected costs and effects, the number of patients in a certain 

health state at a given time point is weighted to the costs and utilities for that 

health state.  

There are two types of Markov models: cohort-level and individual-level Markov 

models. Whilst cohort-level Markov models can capture recurring events, 

individual-level Markov models are better suited to this task as they are able to 

account for the impact of individual patient histories on future transition 

probabilities (339). In the context of cohort-level Markov models, a key 

assumption is homogeneity and independency between individuals (273) – 

therefore individual characteristics are not captured, and it is not possible to 

simulate interactions between individuals, infection spread or capacity constraints 

(271-273). As transition probabilities are independent on the patient’s history and 

patients can only remain in one health state each cycle, many health states may 

 
29 It is possible to build Markov models where the passage of time is measured 

continuously, rather than at discrete time points (275).  
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be required to fully represent the disease progression thereby leading to an 

excessive number of health states.  

A.3 System dynamics models 

A SD model is a cohort-level modelling technique capturing interactions between 

individuals within a certain system (273). This modelling technique stratifies the 

population into subgroups of compartments, and groups of individuals move 

between compartments based on key parameters (340). In the context of 

infectious diseases, common compartments usually entail individuals who are 

susceptible, colonised, infectious and recovered. An additional feature of SD 

models is that they are considered memoryless – they do not account for 

individuals’ past history or movements.  

Within SD models, the passage of time is continuous as the simulation clock does 

not stop to evaluate mid-states outcomes and events – rather this modelling 

technique uses rates and/or equations to evaluate changes over time. This 

means that SD models allow for constant updating of model parameters based 

on changes of the system itself (e.g. number of individuals within each 

compartments). For example, the infection rate iteratively changes based on the 

number of susceptible and infected patients (279). 

While SD models take a holistic perspective exploring the aggregate 

consequences of changes in the clinical pathway on the wider hospital system 

(279, 341, 342), they are not able to capture capacity constraints or key 

processes in place in a given health care setting (279) – as opposed to DES and 

ABS models.  

A.4 Discrete event simulation models 

DES is an individual-based modelling technique which captures the progression 

of single passive individuals (i.e. entities) through different processes and 

activities (i.e. events) (273). Different unique characteristics (i.e. attributes) – such 

as age, duration of symptoms and risk of experiencing a certain event – can be 

assigned to each patient which, in turn, will affect the natural disease progression, 

the future events and outcomes a given individual might experience (271, 273, 

274). As a result, patient history or memory can be captured within DES models 

(275). DES models can also simulate interactions between individuals within a 

given system (273, 275). In addition to this, DES models are usually stochastic 
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as they are subject to first-order uncertainty which reflects “the fact that 

individuals facing the same probabilities and outcomes will experience the effects 

of a disease or intervention differently [..] (e.g. the first patient in a sample might 

respond to a treatment but the next one may not)” (280). 

Within DES models, transitions between events are based on probabilities and 

they are evaluated as they occur rather than at fixed time points (as per Markov 

models). Time advances at discrete times depending on when the next event is 

scheduled to occur (i.e. next time-to-event progression) (273).  

Selecting a model which accounts for patient history and/or past patient 

transitions is helpful to determine the future patient trajectory within the clinical 

pathway, disease progression and associated resource requirements based on 

patient’s current status (e.g. test result, infectious status). This enables evaluation 

of capacity implications as it is possible to account for what resources each 

individual patient needs (e.g. single rooms).  

DES models can track the individual journey patients experience within a certain 

healthcare system, so they can capture resource constraints30 via implementing 

logic of queues (343). In case where a given resource (e.g. isolation rooms) is 

occupied, individuals will be required to wait until the resource is available 

according to a pre-specified logic (e.g. first-in-first-out, last in-first-out) (279).  

As per every modelling technique, DES models presents some limitations. They 

require extensive data to inform patient attributes, are more computationally 

intensive and stochastic as individual patients are tracked during the simulation 

using a random process (273, 274).  

In relation to modelling infectious diseases, despite DES models allowing for 

interactions between entities and patients, the time-to-next event progression and 

individual features of this technique make the task of updating the number of 

infectious and susceptible individuals (in order to estimate the current infectious 

rate) computationally intensive (279). DES models cannot efficiently update key 

model parameters (e.g. rate of infection) as a result of changes in model outputs 

(e.g. number of colonised and infected patients) – as opposed to SD models 

(279). In addition to this, the stochastic element of DES models reduces the 

 
30 It is possible, however, to develop non constrained-resource DES models where the 

impact of queues and limited resources is not captured, and the availability of 
resources is assumed to be infinite.  
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applicability of this modelling technique in the context of complex infectious 

disease modelling.  

A.5 Agent-based simulation models 

ABS models are individual-based simulations capturing the interaction between 

autonomous individual entities (i.e. agents) and the simulated system. The focus 

of this modelling technique lies in capturing the agents’ predicted behaviours, 

goals and decisions rules and how they interact and sense the system (279). 

Within ABM models passage of time can be either discrete or continuous (343). 

Compared to DES models, there are many similarities, including: (i) different 

attributes can be assigned to each entity which, in turn, will affect the future 

progression within the system and future events; (ii) the ability to capture patient 

history or memory; (iii) the ability to capture resource constraints via implementing 

logic of queues’; and (iv) the ability to simulate interactions between entities. 

Similar to DES models, ABS models require extensive and detailed data on the 

agents’ attributes and predicted behaviour for parameterisation and validation 

purposes (279). In addition, this modelling technique is computationally intensive 

and conducting extensive sensitivity analysis appears to be challenging (279).  
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Appendix B 

Search strategies – systematic review of TPPs for medical tests 

This appendix provides details on the database (section B.1) and website search 

strategies (section B.2) for the systematic review of TPPs for medical tests 

presented in Chapter 2.  

B.1. Database search strategy 

Table B-1 Search strategy for database search 

# Keywords 

10 #8 OR #9 

9 (TPP adj5 (test* OR assay OR screen* OR exam* 

OR diagnos* OR analys#s)).ti,ab,kw   

8 #4 AND #7 

7 #5 OR #6 

6 (test* OR assay OR screen* OR exam* OR 

diagnos* OR analys#s).ti,ab,kw 

5 exp "Diagnostic Techniques and Procedures"/ 

4 #1 OR #2 OR #3 

3 “quality by design”.ti,ab,kw 

2 QTPP.ti,ab,kw 

1 “target product profil*”.ti,ab,kw 
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Table B-2 List of databases searched and number of references retrieved 

Database searched Date of 

search  

Total number of 

results found (n) 

Ovid MEDLINE ® (1946 to October Week 5 

2018) 

12/11/18 784 

Ovid MEDLINE(R) In-Process & Other Non-

Indexed Citations November 09, 2018 

12/11/18 108 

Ovid MEDLINE(R) and Epub Ahead of Print 

(November 09 2018) 

12/11/18 24 

Embase Classic + Embase 1947  

 

12/11/18 1896 

CAB Abstract online 1910 to 2018 Week 44 12/11/18 125 

Global Health (1910 to 2018 Week 44) 12/11/18 102 

CINAHL 12/11/18 237 

Scopus 12/11/18 1396 

Web of Science Core Collection 12/11/18 1454 
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B.2. Website search  

The structured methods proposed by Godin, K. et al. (92) were adopted to 

conduct the website search.  

B.2.1. Search for relevant websites 

Table B-3 Search for relevant website results 

Number 
of 
researc
h 

Date Search 
Engine 

Keywords # new 
potentially 
relevant 
records 

Total # 
record
s 

Notes 

1 18/10/2018 Google "target product 
profile" AND 
diagnostic test 

16 16 Only 350 
results 
found 

2 18/10/2018 Google "target product 
profile" AND 
screening 

3 19 Only 308 
results 
found 

3 18/10/2018 Google "target product 
profile" AND 
exam OR test 
OR assay 

4 24 Only 304 
results 
found 

4 18/10/2018 Google TPP AND 
diagnostic test 

0 24 Only 245 
results 
found 

5 18/10/2018 Google TPP AND 
screening 

0 24 Only 332 
results 
found 

6 18/10/2018 Google TPP AND exam 
OR test OR 
assay 

0 24 Only 364 
results 
found 

7 18/10/2018 Google QTPP AND 
diagnostic test 

2 26 Only 119 
results 
found 

8 18/10/2018 Google QTPP AND 
screening 

0 26 Only 307 
results 
found 

9 18/10/2018 Google QTPP AND 
exam OR test 
OR assay 

0 26 Only 290 
results 
found 
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B.2.2. List relevant websites 

Table B-4 Detailed results of search for relevant organisations and related 
websites 

# 
search 

Name organization URL 

1 FIND https://www.finddx.org  

WHO http://www.who.int  

The International Diagnostics centre 
London School of Hygiene & Tropical 
Medicine 

http://www.idc-dx.org  

UNICEF https://www.unicef.org  

PATH https://path.org  

DNDi  https://www.dndi.org/  

FDA https://www.fda.gov  

Pink Ribbon http://pinkribbonredribbon.org/  

Unitaid https://unitaid.org  

Malaria consortium  https://www.malariaconsortium.org/  

ReAct group https://www.reactgroup.org/  

DiaDev (Investigating diagnostics in 
global health) 

http://www.diadev.eu/  

Public Health Emergency https://www.phe.gov/  

Galvmed https://www.galvmed.org  

STOP TB Partnership http://www.stoptb.org  

2 EMA (European Medicines Agency) https://www.ema.europa.eu/  

NICE https://www.nice.org.uk/  

IVCC http://www.ivcc.com/  

3 Critical Path Institute https://c-path.org/  

4 European Directorate for the Quality of 
Medicines & HealthCare 

https://www.edqm.eu/  

5 AIGHD https://www.aighd.org/  

6 IMPT for Reproductive Health https://www.theimpt.org/  

7 ICH harmonisation for better health  https://www.ich.org  

Product Quality Research Institute http://pqri.org/  

8  N/A N/A  

9  N/A N/A  

 

  

https://www.finddx.org/
http://www.who.int/
http://www.idc-dx.org/
https://www.unicef.org/
https://path.org/
https://www.dndi.org/
https://www.fda.gov/
http://pinkribbonredribbon.org/
https://unitaid.org/
https://www.malariaconsortium.org/
https://www.reactgroup.org/
http://www.diadev.eu/
https://www.phe.gov/
https://www.galvmed.org/
http://www.stoptb.org/
https://www.ema.europa.eu/
https://www.nice.org.uk/
http://www.ivcc.com/
https://c-path.org/
https://www.edqm.eu/
https://www.aighd.org/
https://www.theimpt.org/
https://www.ich.org/
http://pqri.org/
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B.2.3. Results website search 

Keywords: “target product profile” in Title 

Included: documents and publications relevant for the research question based 

on the title 

Excluded: PowerPoint presentation, newsletters and results not relevant for the 

research question based on the title 

Date search: 18-22/10/18
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Table B-5 Details on website search and number of relevant and included references 

Date Website 
name 

URL Specific section 
searched  

Search terms used Total 
number 
of hits 

Approach 
to 
screening 
for 
relevancy 

Number 
of 
relevant 
referenc
es 

Notes related 
to screening 

Numbe
r of 
include
d 
referen
ces 

Notes related to 
inclusion 

18/10/2018  

FIND 

https://www.find
dx.org  

Internal search engine "target product 
profile" 

76 Title 19   

 

 

 

 

 

22 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 
searches within 
the same website. 
Duplicates across 
both searches 
were deleted.  

18/10/2018 https://www.find
dx.org/target-
product-profiles/  

Hand-searched in the 
section of the FIND 
website dedicated to 
target product profiles 

"target product 
profile" 

 
Title 14  

18/10/2018 WHO 
 

http://www.who.i
nt/  

Internal search engine "target product 
profile" 

19 Title 11 Search for only 
for publications 

 

 

 

28 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 
searches within 
the same website. 
Duplicates across 
both searches 
were deleted. 

18/10/2018 http://apps.who.i
nt/iris  

Internal database within 
the WHO website 

"target product 
profile" 

29 Title 17 Search for 
articles "meeting 
Abstracts" 

18/10/2018 PATH https://www.path
.org  

Internal search engine "target product 
profile" 

228 Title 24  24 
 

18/10/2018 The 
Internation
al 
Diagnostic
s centre 
London 
School of 
Hygiene & 
Tropical 
Medicine 
 

http://www.idc-
dx.org/  

Internal search engine "target product 
profile" 

8 Title 8 Search for -
publication -
guidelines -
report -white 
paper 

8 
 

18/10/2018 http://www.idc-
dx.org/themes/d
evelopment-and-
evaluation/target
-product-profiles  

Hand-searched in the 
section of the website 
dedicated to target product 
profiles 

"target product 
profile" 

 
Title 6  

  

https://www.finddx.org/
https://www.finddx.org/
https://www.finddx.org/target-product-profiles/
https://www.finddx.org/target-product-profiles/
https://www.finddx.org/target-product-profiles/
http://www.who.int/
http://www.who.int/
http://apps.who.int/iris
http://apps.who.int/iris
https://www.path.org/
https://www.path.org/
http://www.idc-dx.org/
http://www.idc-dx.org/
http://www.idc-dx.org/themes/development-and-evaluation/target-product-profiles
http://www.idc-dx.org/themes/development-and-evaluation/target-product-profiles
http://www.idc-dx.org/themes/development-and-evaluation/target-product-profiles
http://www.idc-dx.org/themes/development-and-evaluation/target-product-profiles
http://www.idc-dx.org/themes/development-and-evaluation/target-product-profiles
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18/10/2018 UNICEF 
 

https://www.unic
ef.org  

Internal search engine "target product 
profile" 

67 Title 7 Search for 
document 

 

 

 

7 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 
searches within 
the same website. 
Duplicates across 
both searches 
were deleted. 

18/10/2018 https://www.unic
ef.org/publicatio
ns/index_search
.php  

Search into publication 
section 

"target product 
profile" 

0 
 

7  

18/10/2018 DNDi 
 

https://www.dndi
.org  

Internal search engine "target product 
profile" 

27 Title 6   

 

 

6 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 
searches within 
the same website. 
Duplicates across 
both searches 
were deleted. 

18/10/2018 https://www.dndi
.org/diseases-
projects/target-
product-profiles/ 

Hand-searched in the 
section of the website 
dedicated to target product 
profiles 

"target product 
profile" 

 
Title 4  

18/10/2018 FDA https://www.fda.
gov   

Internal search engine "target product 
profile" 

69 Title 
 

 0 
 

18/10/2018 Pink 
ribbon 

http://pinkribbonr
edribbon.org 

Internal search engine "target product 
profile" 

0 Title 0  0 
 

22/10/2018 Unitaid https://unitaid.or
g 

Internal search engine "target product 
profile" 

2 Title 1 I only found 
newsletters and 
a potentially 
relevant article 

1 
 

22/10/2018 Malaria 
Consortiu
m 

https://www.mal
ariaconsortium.o
rg/  

Internal search engine "target product 
profile" 

15 Title 4 Powerpoint 
presentations 
and newsletters 
were excluded 

4 
 

22/10/2018 ReAct 
Group 

https://www.reac
tgroup.org 

Internal search engine "target product 
profile" 

2 Title 0 Records in the 
"News & Views" 
section were 
excluded 

0 
 

22/10/2018 DiaDev 

 

 

 

 

http://www.diade
v.eu  

Internal search engine: "on 
the web" section 

"target product 
profile" 

0 Title 0 There is no 
internal search 
engine 

 

 

 

 

 

 

22/10/2018 http://www.diade
v.eu  

Internal search engine: 
"presentation" section 

"target product 
profile" 

0 Title 0  
 

https://www.unicef.org/
https://www.unicef.org/
https://www.unicef.org/publications/index_search.php
https://www.unicef.org/publications/index_search.php
https://www.unicef.org/publications/index_search.php
https://www.unicef.org/publications/index_search.php
https://www.dndi.org/
https://www.dndi.org/
https://www.dndi.org/diseases-projects/target-product-profiles/
https://www.dndi.org/diseases-projects/target-product-profiles/
https://www.dndi.org/diseases-projects/target-product-profiles/
https://www.dndi.org/diseases-projects/target-product-profiles/
https://www.fda.gov/
https://www.fda.gov/
http://pinkribbonredribbon.org/
http://pinkribbonredribbon.org/
https://unitaid.org/
https://unitaid.org/
https://www.malariaconsortium.org/
https://www.malariaconsortium.org/
https://www.malariaconsortium.org/
https://www.reactgroup.org/
https://www.reactgroup.org/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
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0 
 

22/10/2018 http://www.diade
v.eu  

Internal search engine: 
"academic publications" 
section 

"target product 
profile" 

0 Title 0   

 

 

 

 

 

 

 

 

 

 

0 
 

 

22/10/2018 http://www.diade
v.eu  

Internal search engine 
"working papers" section 

"target product 
profile" 

N/A Title N/A I could not 
access this 
section. Blank 
page 

 

22/10/2018 http://www.diade
v.eu  

Hand-searched in the 
"connections" section 

"target product 
profile" 

0 Title 0  
 

22/10/2018 http://www.diade
v.eu  

Hand-searched "methods" 
section 

"target product 
profile" 

2 Title 0  
 

22/10/2018 http://www.diade
v.eu  

Hand-searched "device 
case studies" section 

"target product 
profile" 

0 Title 0  
 

22/10/2018 Public 
Health 
Emergenc
y 

https://www.phe.
gov/  

Internal search engine "target product 
profile" 

N/A Title N/A The internal 
search engine is 
not functioning 

N/A 
 

22/10/2018 Galvmed 
 

https://www.galv
med.org   

Internal search engine "target product 
profile" 

3 Title 0 Reason for not 
including the 
records: TPP for 
animals 

0 
 

22/10/2018 https://www.galv
med.org/resourc
es/databases/do
cument-
repository/ 

Internal search into 
Document Repository 
database 

"target product 
profile" 

0 Title 0 
 

  

 

 

 

 

0 
 

 

22/10/2018 https://www.galv
med.org/resourc
es/databases/liv
estock-laws-
and-policy-
database/ 

Internal search into 
Livestock Livestock and 
Policy Database 

"target product 
profile" 

119 Title 0  
 

22/10/2018 STP TB 
Partnershi
p 
 

http://www.stopt
b.org  

Internal search engine "target product 
profile" 

48 Title 0 Powerpoint 
presentations 
and newsletters 
were excluded 
*Google Custom 
Search 

 

 

 

 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 

http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
http://www.diadev.eu/
https://www.phe.gov/
https://www.phe.gov/
https://www.galvmed.org/
https://www.galvmed.org/
https://www.galvmed.org/resources/databases/document-repository/
https://www.galvmed.org/resources/databases/document-repository/
https://www.galvmed.org/resources/databases/document-repository/
https://www.galvmed.org/resources/databases/document-repository/
https://www.galvmed.org/resources/databases/document-repository/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
https://www.galvmed.org/resources/databases/livestock-laws-and-policy-database/
http://www.stoptb.org/
http://www.stoptb.org/
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22/10/2018 http://www.stopt
b.org  

Hand-searched in 
"Technical Publications" 
section  

"target product 
profile" 

 
Title 1   

1 

searches within 
the same website. 
Duplicates across 
both searches 
were deleted. 

22/10/2018 EMA https://www.ema
.europa.eu  

Internal search engine "target product 
profile" 

210 Title 0 Search only for 
documents 

0 
 

22/10/2018 NICE 
 

https://www.nice
.org.uk  

Internal search engine "target product 
profile" 

0 Title 0  0 
 

22/10/2018 https://www.nice
.org.uk  

Internal search into the 
"Evidence search" engine 

"target product 
profile" 

9 Title 0  0 
 

22/10/2018 IVCC http://www.ivcc.c
om  

Internal search engine "target product 
profile" 

4 Title 0 Only newsletters 
found 

0 
 

22/10/2018 Critical 
Path 
Institute 

https://c-path.org  Internal search engine "target product 
profile" 

3 Title 1  1 
 

22/10/2018 European 
Directorat
e for the 
Quality of 
Medicines 
& 
HealthCar
e 

https://www.edq
m.eu/  

Internal search engine "target product 
profile" 

5 Title 0  0 
 

22/10/2018 AIGHD 
 

https://www.aigh
d.org/   

Search into the "Scientific 
Publications & PhD 
theses" 

"target product 
profile" 

N/A Title N/A Blank page as a 
result of the 
search 

 

 

 

 

0 

 

22/10/2018 https://www.aigh
d.org/   

Internal search engine "target product 
profile" 

0 Title N/A  

22/10/2018 IMPT for 
Reproducti
ve Health 
 

https://www.thei
mpt.org/   

Search into "Resource 
Database" 

"target product 
profile" 

3 Title 3   

 

 

4 

The number of 
included 
references entails 
relevant hits that 
were retrieved 
from both 
searches within 
the same website. 
Duplicates across 
both searches 
were deleted. 

22/10/2018 https://www.thei
mpt.org/   

Internal search engine "target product 
profile" 

11 Title 4  

22/10/2018 ICH 
harmonisa

https://www.ich.
org   

Internal search engine "target product 
profile" 

0 Title 0  0 
 

http://www.stoptb.org/
http://www.stoptb.org/
https://www.ema.europa.eu/
https://www.ema.europa.eu/
https://www.nice.org.uk/
https://www.nice.org.uk/
https://www.nice.org.uk/
https://www.nice.org.uk/
http://www.ivcc.com/
http://www.ivcc.com/
https://c-path.org/
https://www.edqm.eu/
https://www.edqm.eu/
https://www.aighd.org/
https://www.aighd.org/
https://www.aighd.org/
https://www.aighd.org/
https://www.theimpt.org/
https://www.theimpt.org/
https://www.theimpt.org/
https://www.theimpt.org/
https://www.ich.org/
https://www.ich.org/
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tion for 
better 
health  

22/10/2018 Product 
Quality 
Research 
Institute 
 

http://pqri.org/   Internal search engine "target product 
profile" 

0 Title 0   

 

 

 

0 

 

22/10/2018 http://pqri.org/   Search into "White 
papers" section 

"target product 
profile" 

0 Title 0  

 

 

http://pqri.org/
http://pqri.org/
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Appendix C 

Additional results – systematic review of TPPs 

This appendix provides additional results from the systematic review of TPPs for 
medical tests presented in Chapter 2, including (i) calculation of inter-reviewer 
agreement rate (see section C.1); (ii) full data extraction table (section C.2); and 
(iii) results from transparency assessment of the included TPPs (section C.3).  

C.1. Calculation inter-reviewer agreement rate (κ statistic)  

Title/Abstract screening 

Table C-1 Title/Abstract screening inter-reviewer agreement rate 
calculation 

 BS 

Included Excluded Tot 

 

PC 

Included 13 1 14 

Excluded 0 275 275 

Tot 13 276 291 

PC – Paola Cocco; BS – Bethany Shinkins 

𝑝𝑒 = [(
𝑛1

𝑛⁄ ) ∗  (
𝑚1

𝑛⁄ )] + [(
𝑛0

𝑛⁄ ) ∗ (
𝑚0

𝑛⁄ )]

= [(13
289⁄ ) ∗ (14

289⁄ )] + [(276
289⁄ ) ∗ (275

289⁄ )] = 91% 

𝑝0 =
(𝑎 + 𝑑)

𝑛
=

(13 + 275)

289
= 100% 

𝜅 =
(𝑝0 − 𝑝𝑒)

(1 − 𝑝𝑒)
=

(100% − 91%)

(1 − 91%)
= 96% 

Full text screening 

Table C-2 Full text screening inter-reviewer agreement rate calculation 

 BS 

Included Excluded Tot 

 

PC 

Included 44 0 44 

Excluded 1 63 64 

Tot 45 63 108 

𝑝𝑒 = [(
𝑛1

𝑛⁄ ) ∗  (
𝑚1

𝑛⁄ )] + [(
𝑛0

𝑛⁄ ) ∗ (
𝑚0

𝑛⁄ )]

= [(45
108⁄ ) ∗  (44

108⁄ )] + [(63
108⁄ ) ∗ (64

108⁄ )] = 91% 

𝑝0 =
(𝑎 + 𝑑)

𝑛
=

(44 + 63)

108
= 99% 

𝜅 =
(𝑝0−𝑝𝑒)

(1−𝑝𝑒)
=

(99%−91%)

(1−91%)
= 90% 
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C.2. Data extraction 

Table C-3 Extended summary table data extraction: publication format, disease area, funding body, test, aim TPP, 
decision-making phases described, description of decision-making process, input sources) to inform TPP and 
stakeholder involved for each included TPP (n=44) 

Authors Public

ation 

format 

Disease 

area 

Funding 

body 

Test(s) Aim Decision-

making phases 

described 

Decision-

making 

process 

Input source(s) to 

inform TPP31 

Stakeholder(s) 

involved  

Chua, A. et 
al. (98)  

Journal 
article 

Zika virus /32 Diagnostic test 
for Zika 
infection and 
blood bank 
testing 

/ -Drafting, 
-Consensus-building 
 

-Meeting with 
experts, 
-Draft TPP,  
-Consensus 
meeting,  
-Revision following 
feedback  

Meeting input (D),  

Literature (D) 

Researchers (D),  
International public 
organisation(D) 
Scientific associations 
(D) 

Denkinger, 
C. et al. (99) 

Journal 
article 

Tubercolosis Bill and 
Melinda 
Gates 
Foundation; 
American 
Society of 
Tropical 
Medicine 
and 
Hygiene; 
National 
Institute of 
Allergy and 
Infectious 
Diseases, 
National 
Institutes of 
Health, 
Department 
of Health 
and Human 
Services; 

A molecular 
drug-
susceptibility 
test 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping, 
-Drafting 
-Consensus-building 

-Mapping, 
-Survey to measure 
stakeholders’ 
preferences,   
-Landscaping 
exercise,         
-Draft TPP,       
-Round of revisions,  
-Shortened TPP 
draft,  
-Presentation of 
shortened TPP to 
stakeholders, 
 -Consensus 
meeting 

Literature (S,D, diagnostic 

accuracy33) 

 

Expert opinion (S,D),  

 

Models (D, diagnostic 
accuracy), 

 

Data available (S,D),  

 

Market analyses (S) 

Researchers (S),  
Clinicians (S,D,C), 
Policy makers (C),  
Industry 
representatives (S), 
Laboratory experts 
(S,D),  
Implementers (C),  
Representatives of 
national disease 
programs (C)  

 
31 S= scoping phase; D= Drafting phase ; C= Consensus-building phase  
32 / = No information  
33 Input source used to inform diagnostic accuracy 
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Denkinger, 
C. et al. 
(100) 

Journal 
article 

Tubercolosis Bill and 
Melinda 
Gates 
Foundation 

1) A diagnostic 
test  
2) A diagnostic 
biomarker test  
3) A referral 
screening test 

/ -Scoping 
-Drafting 
-Consensus-building 

-Definition problem 
statement,                     
-Priority-setting, 
- Draft TPP,  
-Round of revisions,  
-Shortened draft 
TPP,  
-Presentation of 
shortened TPP to 
stakeholders,  
-Delphi-like survey 
to gauge 
stakeholders’ 
agreement with the 
TPP,  
-Consensus meeting 

Literature (S,D, diagnostic 
accuracy), 

 

Expert opinion (S,D)  

 

Reports (S) 

 

Models (D, diagnostic 
accuracy) 

Representatives of 
national disease 
programs (S,C),  
Clinicians (S,D,C),  
Researchers (S,D),  
Laboratory experts (S),  
Patient advocates (S),  
Modelers (S),  
Market experts (S),  
Policy makers (D),  
Industry 
representatives (D,C), 
Technical/funding 
agencies (D) 

DIAMETER 
Project and 
PATH. (101)  

Report Malaria  Bill and 
Melinda 
Gates 
Foundation 

A POC 
infection 
detection test 

/ / / Literature (D, analytical 

accuracy34),  

 

Available data (D),  

 

Field observation (D),  

Models (D), 

 

Expert opinion (analytical 
accuracy) 

/ 

Ding, X. et 
al. (102)  

Journal 
article 

Malaria  Department 
of Foreign 
Affairs and 
Trade, 
Australia  

1) A diagnostic 
test  

2) A POC 
diagnostic test 
3) A screening 
test 

-To define 
minimal test 
characteristic 
as a value set 
to provide a 
distinguishing 
advantage  

- To define 
minimal test 
characteristic 
as a value that 
provides 
optimal 
diagnostic 
effectiveness  

-Scoping, 

-Drafting 

-Consensus-building 

-Definition problem 
statement,  

-Draft TPP,  

-Round of revisions  
TPP,  

-Survey to measure 
stakeholders’ 
preferences  

Literature (D, analytical 
accuracy),  

 

Meeting input (S),  

 

Expert opinion (S,D) 

 

Models (D,analytical 
accuracy) 

Researchers (S,C),  

Representatives of 
national disease 
programs (S,C), 

International public 
organisation (S,C)  

 
34 Input source used to inform analytical accuracy 
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Dittrich, S. 
et al. (103) 

Journal 
article 

Malaria The Dutch 
Government
, with aid 
from the UK 
and the 
Australian 
Government 

A test to 
distinguish 
bacterial from 
non-bacterial 
infections 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping,  

-Drafting, 

-Consensus-building 

-Landscaping 
exercise,  

-Draft TPP,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP,  

-Round of revisions,  

-Revision following 

feedback ,  

-Priority-setting,  

-Consensus meeting 

Literature (S,D),  

 

Expert opinion (D, analytical 
accuracy),  

 

Industry standard (D) 

Researchers (D,C),  

Laboratory experts 
(D,C) ,  

Microbiologists (D,C),  

Health economists 
(D,C), 

Industry 
representatives (D,C),  

International public 
organisation (D,C) 

Donadeu, 
M. et al. 
(104) 

Journal 
article 

Taenia solium 
taeniasis, 
neurocysticerc
osis and 
porcine 
cysticercosis 

/ 1) A POC test 
that could be 
used for 
surveillance 

2) A specific 
test  

3)A POC test 
4) A 
monitoring test 

/ -Scoping, 

-Drafting, 

-Consensus-building 

-Introductory 
meeting 

-Identification of 
most important 
needs,  

-Draft TPP,  

-Survey to measure 
stakeholders’ 
preferences, 

-Revision following 
feedback,  

-Round of revisions 

Literature (D, analytical 
accuracy) 

 

Expert opinion (D, analytical 
accuracy),  

 

Meeting input (S) 

 

International public 
organisation (S,C),  

Representatives of 
national disease 
programs (C),  

Policy-makers (C) 

Non-profit sector (C) 

Experts (unspecific) 
(C),  

Industry 
representatives (C), 

Researchers (C), 

Clinicians (C) 

Ebels, K. et 
al. (105) 

Journal 
article 

Malaria / A combined 
test 

No 
minimal/optim
al test 
characteristic 
reported 

-Scoping,  

-Drafting 

-Definition problem 
statement,  

-Consolidation of 
findings,  

-Draft TPP 

Interviews with experts (D),  

Field observations (S,D), 

Ethnographic interviews (S) 

 

Industry 
representatives (S,D), 

Researchers (S,D),  

Clinicians (S,D) 

Strategists (S,D),   

Laboratory experts 
(S,D), 

Microbiologists (S,D), 

Program manager 
(S,D), 
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International public 
organisation (S,D),  

Donors (S,D),  

Representatives of 
national disease 
programs (S,D),  

Policy makers (S,D) 

FIND. (107)  Report HIV Infection Bill and 
Melinda 
Gates 
Foundation 

A diagnostic 
test 

/ -Scoping, 

-Drafting 

-Consensus-building 

-Definition problem 
statement, 

 -Identification of 
most important 
needs,  

-Draft TPP,  

-Consolidation of 
findings, 

 -Draft TPP 
shortened,  

-Revision following 
feedback,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP,  

-Consensus meeting 

Expert opinion (S,D),  

Meeting input (D) 

-Researcher (S,D,C), 

-Industry 
representatives (S,C), 

-International public 
organisations (S,D,C), 

-Policy-makers 
(S,D,C), 

-Scientific associations 
(S,D,C) 

FIND. (108) Report Human African 
trypanosomias
is  

/ Rapid test for 
diagnosis and 
screening 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Drafting, 

-Consensus-building 

-Draft TPP,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP 

/ Researchers (C),  

Non-profit sector (C),  

Industry 
representatives (C) 
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FIND. (109) Report Human African 
trypanosomias
is  

/ A screening 
test 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Drafting,  

-Consensus-building 

-Draft TPP,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP 

/ Researchers (C), 

International public 
organisation (C),  

Non-profit sector (C), 

Industry 
representatives (C) 

FIND and 
Forum for 
Collaborativ
e HIV 
Research 
(106) 

Report Hepatits C / 1) HCV 
nucleic acid 
amplification 
diagnostic test 
2) HCV cAg 
diagnostic test 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping, 

-Drafting, 

-Consensus-building 

-Priority-setting,  

-Draft TPP,  

-Draft TPP 
shortened,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP,  

-Consensus meeting 

Literature (D, analytical 
accuracy),  

 

Expert opinion (S,D, 
accuracy),  

 

Available data (analytical 
accuracy) 

 

Models (D, diagnostic 
accuracy) 

Clinicians (C),  

Implementers (C),  

Representatives of 
national disease 
programs (C),  

Industry 
representatives (C),  

Technical/funding 
agencies (C),  

Patient advocates (C), 

International public 
organisation (C),  

Researchers (C) ,  

Other (C) 

Gal, M. et al. 
(110) 

Journal 
article 

Community-
acquired lower 
respiratory 
tract infection 

Innovative 
Medicines 
Initiative IMI-
JU-02-2009-
04 Infectious 
Diseases-
Diagnostic 
Tools 

POC test -To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping,  

-Drafting 

-Consensus-building  

-Priority-setting,  

-Survey to retrieve 
input for TPP , 

-Meeting with 
stakeholders,  

-Draft TPP,  

-Revision following 
feedback  

Literature (D, diagnostic 
accuracy),  

Expert opinion (S,D),  

Meeting input (D),  

 

Clinicians (S,D,C), 

Microbiologists (S,C),  

Industry 
representatives 
(S,D,C), 

Researchers (S,D,C), 

Market experts 
(S,D,C),  
 

Internationa
l 
Diagnostics 
Centre (112)  

Publishe
d TPP 
table 

HIV  / A POC test / / /  / / 
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Internationa
l 
Diagnostics 
Centre (111) 

Publishe
d TPP 
table 

HIV  / A POC test / / /  / / 

Internationa
l 
Diagnostics 
Centre (113) 

Publishe
d TPP 
table  

HIV  / A POC test / / /  / / 

Internationa
l 
Diagnostics 
Centre (114)  

Publishe
d TPP 
table 

HIV and 
Syphilis 

/ A combined 
test 

/ / /  / / 

Lim, M. et 
al. (115) 

Journal 
article 

Soil-
transmitted 
helminths 

/ 1) A diagnostic 
test for 
mapping/monit
oring 

2) A diagnostic 
test to confirm 
decision to 
stop 
intervention 

- To define 
minimal test 
characteristics 
as “must have” 
requirements 

- To define 
optimal 
characteristics 
as “nice to 
have” 
requirements  

-Scoping, 

-Drafting 

-Consensus 

-Landscaping 
exercise , 

-Definition problem 
statement,  

-Draft TPP,  

Round of revisions, 

-Meeting with 
stakeholders, 

-Revision following 
feedback  

Literature (S,D, diagnostic 
accuracy) 

 

Expert opinion (S,D), 

 

Guidelines (D),  

 

Meeting input (D) 

 

Researchers (S,D,C),  

Implementers (S,D,C),  

Industry 
representatives 
(S,D,C) 

Nsanzabana
, C. et al. 
(116) 

Journal 
article 

Antimalarial 
drug 
resistance 

/ Antimalarial 
drug 
resistance 
diagnostic test 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping, 

-Drafting 

-Consensus-building  

-Landscape 
analysis, 

-Draft TPP, 

- Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP, 

-Consensus-
meeting, 

- Revision following 
feedback 

  

Literature (S,D, analytical 
accuracy),  

 

Researchers (C),  

International public 
organisation (C),  

Industry 
representatives (C) 
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Pal, S. et al. 
(117) 

Journal 
article 

Dengue fever Military 
Infectious 
Diseases 
Research 
Program, 
U.S. Army 
Medical 
Research 
and 

Materiel 
Command 

 

A diagnostic 
test 

/ -Scoping, 

-Drafting 

-Identification of 
most important 
needs,  

-Draft TPP 

Expert opinion (D, diagnostic 
accuracy),  

 

Models (D, diagnostic 
accuracy), 

 

Questionnaire provided to 
expert (S) 

Experts (unspecific) 
(S,D),  

Other (S,D) 

PATH. (118)  Report HIV  / A self-test -To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping, 

-Drafting  

-Draft TPP,  

-Round of revisions 

Literature (D, analytical 
accuracy),  

 

Expert opinion (D),  

 

Available data (D),  

 

Early usability studies (D, 
analytical accuracy), 

 

Laboratory evaluations (D, 
analytical accuracy) 

/ 

PATH. (119) Report Neglected 
Tropical 
Diseases 

Bill and 
Melinda 
Gates 
Foundation; 

UK 
Department 
for 
International 
Developmen
t 

 1) Later flow 
tools 

2) Nucleic acid 
amplification 
tools 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 

- To define 
optimal test 
characteristic 
as ideal value 
for that 
characteristic 

-Scoping, 

-Drafting, 

-Consensus-building 

-Definition problem 
statement, 

-Draft TPP,  

-Revision following 
feedback,  

-Round of revisions 

Literature (S),  

Interviews with experts (S) 

Expert opinion (D) 

Industry 
representatives (S,D), 

Researchers (S,D),  

Representatives of 
national disease 
programs (S,D),  

Non-profit sector (S,D),  

Policy makers (S,D),  

Donors (S,D) 

PATH. (120) Report Schistosomias
is 

/ A rapid 
diagnostic test 

-To define 
minimal test 
characteristic 
as a must-
have  

/ /  Literature (D, analytical 
accuracy),  

 

Guidelines (D),  

/ 
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-To define 
optimal test 
characteristic 
as an ideal 
value that 
would make a 
tool more 
valuable 

 

Expert opinion (D),  

 

Field observation (D), 

 

Available data (D) 

PATH. (121) Report Schistosomias
is 

/ A lateral flow 
test 

-To define 
minimal test 
characteristic 
as a must-
have  

-To define 
optimal test 
characteristic 
as an ideal 
value that 
would make a 
tool more 
valuable 

/ /  Literature (D, analytical 
accuracy),  

 

Expert opinion (D),  

 

Field observation (D),  

 

Guidelines (D),  

 

Available data (D) 

/ 

PATH. (121) Report Schistomiasis / A lateral flow 
test 

-To define 
minimal test 
characteristic 
as a must-
have  

-To define 
optimal test 
characteristic 
as an ideal 
value that 
would make a 
tool more 
valuable 

/ /  Literature (D, analytical 
accuracy) 

 

Expert opinion (D),  

 

Field observation (D),  

Guidelines (D), 

 

Available data (D) 

/ 

PATH. (123) Report Trachoma / A lateral flow 
rapid 
diagnostic test 

-To define 
minimal test 
characteristic 
as a must-
have  

-To define 
optimal test 
characteristic 
as an ideal 
value that 
would make a 

/ /  Literature (D, analytical 
accuracy), 

 

Guidelines (D), 

 

Available data (D), 

 

/ 
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tool more 
valuable 

Expert opinion (D) 

PATH. (124) Report Trachoma / A lateral flow 
rapid 
diagnostic test 

-To define 
minimal test 
characteristic 
as a must-
have  

-To define 
optimal test 
characteristic 
as an ideal 
value that 
would make a 
tool more 
valuable 

/ /  Literature (D, analytical 
accuracy),  

 

Guidelines (D),  

 

Available data (D),  

 

Expert opinion (D) 

/ 

Peck, R. et 
al. (125) 

Report Yellow fever Global 
Alliance for 
Vaccines 
and 
Immunisatio
n Fund 

A field-
deployable 
test 

/ -Scoping, 

-Drafting, 

 

-Definition problem 
statement,  

-Draft TPP 

Interviews with experts (S,D) Researchers (S,D),  

Industry 
representatives (S,D) 

Clinicians (S,D),  

Technical/funding 
agencies (S,D), 

Other (S,D) 

Porras, A. 
et al. (126) 

Journal 
article 

Chagas 
disease  

Pan-
American 
Health 
Organisation
; The 
Special 
Programme 
for Research 
and Training 
in Tropical 
Diseases 

1-2) a POC 
diagnostic test 
3) a treatment-
monitoring test 

/ -Scoping, 

-Drafting, 

 

-Meeting with 
stakeholders,  

-Definition problem 
statement, 

-Draft TPP 

Meeting input (S,D) 

Expert opinion (S) 

/ 

Reipold, E. 
et al. (127)  

Journal 
article 

Hepatitis C  WHO A diagnostic 
test 

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 
- To define 
optimal test 
characteristic 
as ideal value 

-Scoping, 

-Drafting, 

-Consensus-building 

-Identification of 
stakeholders to 
involve in draft TPP ,  

-Priority-setting,  

-Definition TPP 
domains , 

- Draft TPP,  

Literature (D, analytical 
accuracy, diagnostic 
accuracy),  

 

Expert opinion (S,D, 
diagnostic accuracy),  

 

International public 
organisation (S,D,C),  

Researchers (S,D,C),  

Technical/funding 
agencies (S,D,C),  
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for that 
characteristic 

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP,  

-Consensus meeting 

-Survey to measure 
stakeholders’ 
preferences, 

Available data (analytical 
accuracy) 

 

Models (D, diagnostic 
accuracy) 

Industry 
representatives 
(S,D,C), 

Patient advocates 
(S,D,C),  

Representatives of 
national disease 
programs (S,D,C),  

Clinicians (S,D,C),  

Implementers (S,D,C) 

Policy-makers (C) 

Program managers (C) 

Solomon, A. 
et al. (128) 

Journal 
article 

Neglected 
tropical 
diseases 

WHO 1) A diagnostic 
tool with 
mapping and 
impact 
monitoring 
potential  

2) A diagnostic 
tool 

/ -Drafting 

 

-Draft TPP, 

- Consensus-
meeting 

Consensus meeting inputs 
(D) 

Laboratory experts 
(D,C),  

Modelers (D,C),  

Health economists 
(D,C), 

Experts (unspecific) 
(D,C),   

Program manager 
(D,C) 

Toskin, I. et 
al. (129) 

Journal 
article 

Sexually 
transmitted 
infections 

/ 1) A combined 
diagnostic 
POC  

2) POC 
platforms 

 3) A 
combined 
diagnostic test 

/ -Scoping, 

-Drafting, 

-Consensus-building 

-Landscaping 
exercise , 

-Reviewing available 
literature and data,  

-Survey to retrieve 
input for TPP ,  

-Draft TPP,  

-Consensus 
meeting,  

-Revision following 
feedback,  

-Round of revisions 

Literature (S,D), 

Models (D) , 

Expert opinion (D), 
Consensus meeting inputs 
(D, accuracy), 

Reports (S), 

Policies (S), 

Websites of developers (S), 

Interviews with experts (S) 

Clinicians (D,C),  

Industry 
representatives (S,D), 

International public 
organisation (D,C),  

Experts (unspecific) 
(D,C), 

Laboratory experts 
(D,C),  

Microbiologists (D,C) 
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UNICEF. 
(130) 

Report Pneumonia 
Acute 
Respiratory 
infection 

/ A diagnostic 
aid 

/ -Scoping,  

-Drafting,  

-Consensus-building  

-Defining scope TPP 
,  

-Draft TPP,  

-Round of revisions,  

-Survey to measure 
stakeholders’ 
preferences  

Literature (S,D) 

Expert opinion (D) 

 

Researchers (S,D,C), 

Industry 
representatives 
(S,D,C), 

International public 
organisation (S,D,C),  
 

UNICEF. 
(131) 

Report E.coli infection / Water quality 
testing product 

/ / /  / / 

UNICEF. 
(132) 

Report E.coli infection / Water quality 
testing product 

/ / -Survey to measure 
stakeholders’ 
preferences  

/ / 

UNICEF. 
(133) 

Report Zika virus / A diagnostic 
test 

/ -Scoping, 

-Drafting 

-Defining scope 
TPP,  

-Draft TPP,  

-Round of revisions, 

-Revision following 
feedback  

Literature (D),  

Expert opinion (S,D) 

 

Researchers (S,D),  

Industry 
representatives (S,D), 

International public 
organisation (S,D),  

 

Utzinger, J. 
et al. (134) 

Journal 
article 

Schistosomias
is 

Bill and 
Melinda 
Gates 
Foundation, 

European 
Union’s 
Seventh 
Framework 
Programme 
for research, 
technologica
l 
development 
and 
demonstrati
on 

1) A diagnostic 
test for 
mapping-
monitoring 

 2) A 
diagnostic tool 

No minimal 
test 
characteristic 
reported 

/ /  / / 

WHO (60) Report Tubercolosis Bill and 
Melinda 
Gates 
Foundation 

1) A diagnostic 
test  

2) A diagnostic 
biomarker test 
3) A referral 
screening test 
4) A drug-

-To define 
minimal test 
characteristic 
as lowest 
acceptable 
specification 

- To define 
optimal test 

-Scoping, 

-Drafting, 

-Consensus-building 

-Priority-setting,  

-Draft TPP,  

-Draft TPP 
shortened,  

-Delphi-like 
approach to gauge 

Literature (D, analytical 
accuracy, diagnostic 
accuracy), 
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susceptibility 
test 

characteristic 
as ideal value 
for that 
characteristic 

stakeholders’ 
agreement with the 
TPP,  

-Consensus meeting 

Expert opinion (S,D, 
analytical accuracy, 
diagnostic accuracy), 

Consensus meeting inputs 
(D), 

Models (D, analytical 
accuracy, diagnostic 
accuracy) 

WHO. (139) Report Meningitis / A rapid 
diagnostic test 

/ / /  /  

WHO and 
FIND. (137) 

Report Tubercolosis / A test for 
predicting 
disease 
progression 

/ -Draft, 

-Consensus-building 

-Meeting with 
stakeholders ,  

-Draft TPP,  

-Survey to retrieve 
input for TPP  ,  

-Delphi-like 
approach to gauge 
stakeholders’ 
agreement with the 
TPP, 

-Consensus meeting 

Expert opinion (D),  

Meeting input (D) 

 

WHO and 
FIND. (138) 

Report Buruli ulcer / 1) A rapid 
diagnostic test 
2) A diagnostic 
test with 
treatment-
monitoring 
potential 

/ -Scoping, 

-Draft 

-Definition problem 
statement, 

 -Draft TPP 

Expert opinion (S) 

Meeting input (D) 

 

WHO (135) Report Taenia solium 
taeniasis/ 
cysticercosis 

/ 1) A human 
copro Ag-
taeniasis test, 

2) A combined 
human Ag/Ab-
cysticercosis 
test 

3) A porcine 
Ag-
cysticercosis 
test 

/ -Scoping, 

-Draft 

-Definition problem 
statement,  

-Draft TPP 

Meeting inputs (D), 

Expert opinion (S) 
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WHO et al. 
(57) 

Report Severe febrile 
illness  

WHO A diagnostic 
platform 

/ -Draft, 

-Consensus-building 

-Draft TPP, 

-Delphi-like 
approach to gauge 
stakeholder’ 
agreement with the 
TPP,  

-Revision following 
feedback, 

-Consensus meeting 

Expert opinion (D)  

WHO and 
FIND. (136) 

Report Ebola virus / A rapid test / / /  /  
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C.3. Transparency assessment  

Table C-4 Transparency assessment criteria and scores, with TPPs sorted from the most transparent to the least 
transparent (n=44) 

 
Study 

mentions 

type of 

sources  

Study 

quotes 

specific 

literature  

Study 

mentions 

type of 

sources 

for 

scoping 

phase 

Study 

describes 

decision-

making 

steps  

Study 

reports 

types of 

stakeholders  

Study lists 

the name of 

the 

organizations 

stakeholders 

are part of  

Study lists 

the name of 

each 

stakeholders 

involved 

Study 

reports the 

rationale for 

inviting 

certain 

stakeholders 

Study 

specifies 

funding 

body 

Total 

score 

Nsanzabana, C. 
et al. (116)  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  

8 

WHO (60) 
✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ 

8 

Dittrich, S. et al. 
(103)  ✓ ✓ ✓ ✓ ✓   ✓ ✓ 

7 

FIND and Forum 
for Collaborative 
HIV Research 
(106)  

✓ ✓ ✓ ✓ ✓ ✓ ✓   
7 

Lim, M. et al. 
(115) ✓ ✓ ✓ ✓ ✓ ✓ ✓   

7 

Denkinger, C. et 
al. (99) ✓ ✓ ✓ ✓ ✓    ✓ 

6 

Reipold, E. et al. 
(127) ✓ ✓ ✓ ✓ ✓    ✓ 

6 

Toskin, I. et al. 
(129) ✓  ✓ ✓ ✓ ✓ ✓   

6 

FIND. (107) 
✓  ✓ ✓  ✓ ✓  ✓ 

6 

WHO and FIND. 
(137) ✓   ✓ ✓ ✓ ✓ ✓  

6 
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WHO (135) 
✓  ✓ ✓ ✓ ✓ ✓   

6 

Peck, R. et al. 
(125) ✓  ✓ ✓ ✓   ✓ ✓ 

6 

Denkinger, C. et 
al. (100) ✓  ✓ ✓ ✓    ✓ 

5 

Ding, X. et al. 
(102) ✓  ✓ ✓ ✓    ✓ 

5 

Gal, M. et al. 
(110) ✓  ✓ ✓ ✓    ✓ 

5 

PATH. (119) 
✓  ✓ ✓ ✓    ✓ 

5 

WHO and FIND. 
(138) ✓  ✓ ✓  ✓ ✓   

5 

Pal, S. et al. 
(117) ✓  ✓ ✓ ✓    ✓ 

5 

Porras, A. et al. 
(126) ✓   ✓  ✓   ✓ 

4 

Donadeu, M. et 
al. (104) ✓  ✓ ✓ ✓     

4 

PATH. (118) 
✓ ✓  ✓     ✓ 

4 

UNICEF. (133) 
✓  ✓ ✓ ✓     

4 

UNICEF. (130) 
✓  ✓ ✓ ✓     

4 

Ebels, K. et al. 
(105) ✓  ✓ ✓ ✓     

4 

Chua, A. et al. 
(98) ✓   ✓ ✓     

3 

DIAMETER 
Project and 
PATH. (101) 

✓ ✓       ✓ 
3 

Solomon, A. et 
al. (128) ✓    ✓    ✓ 

3 

FIND. (108) 
   ✓ ✓     

2 
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PATH. (120) 
✓ ✓        

2 

PATH. (121) 
✓ ✓        

2 

PATH. (124) 
✓ ✓        

2 

FIND. (109) 
   ✓ ✓     

2 

PATH. (123 
✓ ✓        

2 

PATH. (121) 
✓ ✓        

2 

WHO et al. (57) 
✓   ✓      

2 

WHO and FIND. 
(136)      ✓    

1 

Utzinger, J. et al. 
(134)         ✓ 

1 

UNICEF. (131) 
         

0 

UNICEF. (132) 
         

0 

WHO. (139) 
         

0 

International 
Diagnostics 
Centre (112) 

         
0 

International 
Diagnostics 
Centre (111) 

         
0 

International 
Diagnostics 
Centre (113) 

         
0 

International 
Diagnostics 
Centre (114) 

         
0 
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Appendix D 

Test characteristics included in TPPs 

Table D-1 Number and % of test characteristics reported by all TPPs 
(n=44), sorted by clusters [part 1] 

Unmet clinical need Clinical validity 

 n (%)  n (%) 

Intended use 43 (98) Diagnostic/testing sensitivity 31 (70) 

Medical need 9 (20) Diagnostic/testing specificity 28 (64) 

Target population 33 (75) Positive predictive value 1 (2) 

Target user 33 (75) Negative predictive value 1 (2) 

Medical decision to be influenced 4 (9) Field performance 1 (2) 

Fit with clinical workflow 7 (16) Precision/concordance 5 (11) 

Target level of health system 38 (86) False recent ratio (%) 1 (2) 

Test rationale 2 (5) (Generic) sensitivity 12 (27) 

Description of test concept 2 (5) (Generic) specificity 12 (27) 

Proof of concept 

 

1 (2) 

 

Test performance with disease subgroups 1 (2) 

What is the risk of an inaccurate test 
results? 

 

1 (2) 

Analytical performance 

Analytical specificity 18 (41) Platform throughput 2 (5) 

Analytical sensitivity 11 (25) Specimen/sample capacity and throughput 17 (39) 

Strain specificity 2 (5) Manual sample/specimen preparation 34 (77) 

Limit of quantification/detection 13 (30) Overall sample preparation 5 (11) 

Assay throughput 9 (20) Need for operator to transfer a precise 
volume of sample 

7 (16) 

Volume sample/specimen 16 (36) Reagent integration/preparation 8 (18) 

Daily throughput (per module) 3 (7) Reagent kit (transport, storage and stability, 
supplies not included in kit) 

3 (7) 

Assay design/format 19 (43) Reagent kit reconstitution/packaging 8 (18) 

Reproducibility 16 (36) Sample type 42 (95) 

Reproducibility near clinical threshold 1 (2) Control/comparative reference method 17 (39) 

Robustness 1 (2) Target molecule to be detected 17 (39) 

Interferences 5 (11) Type of analysis 8 (18) 

Duration of valid sample 5 (11) Calibration 19 (43) 

Duration of valid result 7 (16) Precision/concordance 6 (14) 

Result stability 1 (2) Quality control 15 (34) 

In use stability 7 (16) Internal quality control 16 (36) 

Quantification/quantitation 3 (7) External quality control 4 (9) 
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Multiplexing 7 (16) Indeterminate test results 1 (2) 

Cross reactivity 1 (2) Time to test result 38 (86) 

Kit quality indicators 1 (2) Device failure/invalid rate 1 (2) 

(Generic) sensitivity 12 (27) Test performance with disease groups 1 (2) 

Result  4 (9) (Generic) specificity 12 (27) 

Costs  Environmental impact  

Price/cost of individual test 27 (61) Environmental footprint 3 (7) 

 

 

Cost per diagnosis 2 (5) 

(Capital) cost per instrument 15 (34) 

  

 

Table D-2 Table C-1 Number and % of test characteristics reported by all 

TPPs (n=44), sorted by clusters [part 2] 

Costs Clinical utility 

 n (%)  n (%) 

Cost of platform to end user 3 (7) Intended outcome and linkage to care  

1 (2) Cost of consumables 3 (7) 

Cost of manufacturing single use 
device 

3 (7) 

Expected scale of manufacture 4 (9) What is the risk of an inaccurate test result?  1 (2) 

Potential market 1 (2) Regulatory requirements 

Market segmentation/channels to the 
market 

10 (23) Regulatory requirements 15 (34) 

Region(s) of commercialisation 11 (25) Product registration path 11 (25) 

 Competitive landscape 1 (2) 

Human factors 

Assay packaging 4 (9) Data analysis 4 (9) 

Data capture 8 (18) Data export ( connectivity and 
interoperability, electronics and software) 

18 (41) 

Data handling 2 (5) Data input 2 (5) 

Hands-on time 2 (5) Instruction for use 3 (7) 

Labelling 3 (7) Language 3 (7) 

Materials used 3 (7) Patient identification capability 5 (11) 

Rate of errors in device interpretation 1 (2) Readout/reading system 6 (14) 

Result 2 (5) Result documentation-data display 17 (39) 

Safety precautions (biosafety 
requirements) 

12 (27) Service and support 10 (23) 

Supplies needed 5 (11) Test outcome (nature) 21 (48) 

Tool format and complexity 12 (27) Training and education 33 (75) 

Unit size 2 (5) User interface 4 (9) 

User-induced failure rate 1 (2) Walkway operation 2 (5) 
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Equipment-specific human factors 7 (16) Ease of test result interpretation 10 (23) 

Service and support 10 (23) Test size and weight 4 (9) 

Test size and portability 20 (45)   

Infrastructural requirements 

Ancillary supplies 7 (16) Assay packaging 4 (9) 

Biosafety requirements 20 (45) Clean water 10 (23) 

Cold chain 11 (25) Environmental tolerance of packaged test 
kit 

2 (5) 

External maintenance 1 (2) Infrastructural requirements 6 (14) 

Instrument-infrastructural requirement 12 (27) Maintenance 15 (34) 

Additional third-party consumable 5 (11) Materials used 2 (5) 

Multiuse platform 2 (5) Need for additional equipment/test/spare 
parts 

10 (23) 

Power requirements 23 (52) 

 

Reagent kit (transport, storage and stability, 
supplies not included in kit) 

8 (18) 

Service and support 11 (25) Shipping conditions 5 (11) 

Storage conditions and shelf life 31 (70) Storage conditions prior utilisation 1 (2) 

Thermal tolerance of assay 3 (7) Waste disposal 22 (50) 

Supplies needed 5 (11) Operating conditions 9 (20) 

Temperature and humidity 27 (61) Stability during transport 23 (52) 
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Appendix E 

Glossary table 

Term Description Source 

Anaerobic 
pathogen 

Bacterium that can survive and grow without oxygen. (344) 

Antigen  Any substance that causes the immune system to produce 
antibodies against that substance. Common antigens are 
toxins, chemicals, bacteria, viruses or other substances from 
the environment.  

(345) 

Antibody  Protein being produced by the immune system to destroy 
the harmful substance (e.g. antigen) as soon as it is 
detected.  

(346) 

Bowel flora Bacteria and different organisms located in the intestine 
which help to process food. 

(347) 

Campylobacter Bacterium that can cause food poisoning, intestinal infection 
diarrhoea and vomiting.  

(348) 

Celiac disease  Immune condition in which individuals cannot eat gluten as 
their immune system would respond by damaging their small 
intestine. 

(349) 

Colitis Inflammation of the large intestine (i.e. the colon). Also 
called inflammatory colitis. 

(350) 

Colonisation “The presence of bacteria on a body surface (e.g. skin, 
mouth, intestines or airway) without causing disease in the 
person” 

(351) 

Creatinine A chemical waste product that excreted from the body in 
urine. Abnormal creatinine levels in the blood or urine 
indicate potential kidney disease. 

(352) 

Enteral feeding A way of providing nutrients to an individual as liquids 
through a tube placed either in the nose, stomach or small 
intestine.  

(353) 

Escherichia coli  Type of bacterium which normally lives in the intestines of 
healthy individuals. Some types of this bacterium can cause 
diarrhoea.  

(354) 

Gastric acid 
suppressant 

Therapeutic agent (i.e. drug, protein, compound) used in 
patients with gastrointestinal disorders to reduce the 
stomach acid production. 

(355) 

Gastrointestinal 
neoplasia 

Abnormal mass of tissue in the gastrointestinal tract and 
other organs of digestion. 

(356, 
357) 

Gram-positive 
bacterium 

Bacterium that maintains the purple stain during the Gram 
test. This test helps to identify the type of infection and 
which antibiotics to administer  

(358) 

Hypotension When blood pressure is lower than normal values.  (359) 

Ileus Obstruction of the bowel that occurs when there is a 
stoppage in the digestive tract 

(360) 

Inflammatory 
bowel disease 

Term that describes two conditions (i.e. ulcerative colitis and 
Chron’s disease) where there is inflammation (e.g. swelling 
and irritation) of the gut. 

(361) 

Irritable bowel 
disease 

Health condition where the nutrients move either too fast or 
too slow through the intestines causing abdominal pain and 
change in bowel habits.  

(362) 

In vitro Experiments conducted with biological components (e.g. 
cells, tissues) that have been removed from a living 
organism. 

(363) 

In vivo Studies conducted on living organisms. (363) 

Multiplex test A test detecting multiple targets simultaneously  (364) 

Overflow Inability to control urination. (365) 

Oxidative stress Imbalance between free radicals and antioxidants in a body.  (366) 
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Salmonella Bacterium that causes foodborne illness with symptoms 
ranging from fever to diarrhoea. 

(367) 

Shigella Bacterium that causes infection of the intestine linings. (368) 

Spore Cell produced by certain bacteria, fungi and plants as 
defence mechanism. 

(369) 

Strain Variant or subtype of an organism.  (370) 

Toxin megacolon “A nonobstructive dilation of the colon, which can be total or 
segmental and is usually associated with systemic toxicity” 

(371) 

White blood cell 
count 

It measures the number of white cells in the blood. (372) 
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Appendix F 

Online survey “Identifying unmet clinical needs in the 

diagnosis of Clostridioides difficile infection” 

Information Sheet 

You are being invited to participate in a questionnaire which aims to identify any unmet clinical 

needs in the diagnosis of Clostridioides difficile (C. difficile) infection in the UK and to map the 

current clinical practice. Please read the following information carefully.  

Introduction. This questionnaire is being conducted as part of a PhD by Paola Cocco at the 

University of Leeds, under the supervision of Dr Bethany Shinkins, Dr Michael Messenger, Dr 

Kerrie Davies, Professor Robert West and Dr Alison Smith. This questionnaire was also 

designed with feedback from Professor Mark Wilcox.  

Why have I been chosen? We would like to hear your views as you have experience of 

C. difficile infection (medical doctors, nurses, GPs and biomedical scientists) at the hospital and 

community care setting.  

What will I have to do if I take part? If you decide to take part, you will be asked your consent 

to participate at the beginning and again at the end of the questionnaire. This questionnaire will 

take you approx. 5-10 minutes to complete and does not require you to search for any 

additional information. Once you submit, it will not be possible to withdraw your responses. 

This questionnaire will ask you some questions on care practice for C. difficile infection in the 

clinical setting where you work, your opinion on current diagnostics and if there are any 

problems with them, what impact these problems have on patient health and how to better 

address these clinical needs.  

Do I have to take part? No. Your participation is entirely voluntary and you can withdraw at any 

point up to submission.  

What are the risks of taking part? We believe there are no known risks associated with this 

questionnaire; however, as with any online related activity the risk of a breach is always 

possible. 

How will my answers be used? Your participation will remain confidential, and only 

anonymised data will be published. Further information is available via the University of Leeds 

Privacy Notice. . Main analyses will be conducted by Paola Cocco with the support of the 

research team. 

Who has reviewed the study? Ethical approval has been sought from the School of Medicine 

Research Ethics Committee at the University of Leeds (reference number MREC 19-047). 

Please continue to complete the survey.  

Many thanks! 

 

Q1. Do you consent to participate to this questionnaire?*35 

□ Yes 

□ No 

[If answer to Q1, move to Final Page] 

   

 
35 * indicates a mandatory question 

https://dataprotection.leeds.ac.uk/wp-content/uploads/sites/48/2019/02/Research-Privacy-Notice.pdf
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Respondent Details 

Q2. What is your main job title?* 

a) General Practitioner 

b) Consultant 

c) Trainee/Staff Doctor 

d) Infection Disease Doctor 

e) Medical Microbiologist 

f) Nurse 

g) Infection Control Nurse 

h) Biomedical Scientist 

i) Healthcare Scientist 

j) Clinical Scientist 

k) Other (please specify) 

[If answer to Q2 is a), move to Q3] [If answer to Q2 is b-k), move to Q2a] 

Q2a. Please select your specialty* 

□ Cardiology 

□ Chemical Pathology 

□ Endocrinology 

□ Gastroenterology 

□ Geriatric (Elderly Medicine) 

□ General (Internal Medicine) 

□ Haematology 

□ Infectious Diseases 

□ Infection Prevention and Control 

□ Intensive Care 

□ Medical Microbiology and Virology 

□ Neurology 

□ Oncology 

□ Renal Medicine/Nephrology 

□ Respiratory Medicine 

□ Rheumatology 

□ Urology 

□ Other (please specify) 

Q3. How many years of experience do you have working in your clinical section?* 

□ 0 to 4 years 

□ 5 to 10 years 

□ 11 to 15 years 

□ More than 15 years 

Q4. Where do you work?* 

□ England 

□ Scotland 

□ Northern Ireland 

□ Wales   

Q5. In which clinical setting do you work?* 

a) Hospital  

b) GP Medical Practice 

c) Sheltered Accommodation 

d) Residential Home  

e) Care Services at Home  

f) Nursing Home 

g) Hospital-based laboratory 

h) Independent laboratory 

i) Other (please specify) 
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[If answer to Q2 is a, move to Q11] [If answer to Q2 is b-d, move to Q6] [If answer to Q2 is f-g, 

move to Q18] 

[If answer to Q2 is e, h-j, move to Q7] [If answer to Q2 is k, move to Q6] 

Field of Expertise 

Q6. Please select which area of expertise you consider yourself more familiar with.*  

a) Laboratory practice 

b) Clinical practice  

[If answer is a), move to Q7] [If answer is b), move to Q18] 

Laboratory-based clinicians 

Section 1: Description of Laboratory Practice: Testing Option(s)  

We would like to gather your views about laboratory practice in diagnosing Clostridioides difficile 

(C. difficile) infection in the laboratory where you work.   

Q7. Which of the following diagnostic tests are used in your laboratory for individuals with 

suspected C. difficile infection? Please select one or more options.  

□ Toxigenic culture 

□ Culture 

□ Cytotoxicity assay 

□ Enzyme immunoassay (EIA) for toxin A/B 

□ Enzyme immunoassay (EIA) FOR Glutamate Dehydrogenase 

□ Nucleic Acid Amplification Test (NAAT) 

□ Other (please specify) 

□ I do not know 

Q8. Would you run a combination of diagnostic tests (‘testing algorithm’) for a patient with 

suspected C. difficile infection? 

a) Yes 

b) No 

c) I do not know 

[if a), move to Q9, if b-c) move to Q27] 

Section 1: Description of Laboratory Practice: Testing Algorithm  

Q9. For each step of the testing algorithm, please describe in the best way you can what would 
you do if the test result was positive or negative. If your laboratory uses more testing algorithms 
please describe them separately. 
____________________________________________________________________________
_____________________________________________________________________ 

Q10. Do you know why this particular testing algorithm is used in your laboratory? If so, please 

explain.  

____________________________________________________________________________

______________________________________________________________________ 

[Move to Q30] 
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Ward-based clinicians 

Section 1: Description of Current Practice  

We would like to gather your views about current practice in diagnosing Clostridioides difficile 

(C. difficile) infection in the clinical setting where you work.  

Q18. Setting aside treatment regimens, what symptoms would lead you to suspect that an 

individual in your clinical setting has C. difficile infection? Please select one or more options.  

□ Watery stools 

□ Fever 

□ Abdominal cramps 

□ Leucocytosis 

□ Hypoalbuminemia 

□ Unexplained diarrhoea 

□ Other (please specify) 

□ I do not know 

Q19. In which age group do you most often encounter individuals with suspected C. 

difficile infection? Please select one or more options. 

□ Young children (< 2 years old) 

□ Children (2 to 18 years old) 

□ Adults (18 to 65 years old) 

□ Older adults (>65 years old) 

□ I do not know 

Q20. As part of this process, would you request any diagnostic test? 

a) Yes 

b) No 

[If a), move to Q20a] [if b), move to Q25] 

Q20a. Would you presumptively isolate a patient suspected with C. difficile infection while 

awaiting test results? 

a) Yes 

b) No 

c) I do not know 

[Move to Q21] 

Description of Current Practice: Diagnostic Pathway (part 1) 

Q21. Do you know which test(s) the laboratory uses to diagnose individuals suspected 

with C. difficile infection?  

a) Yes 

b) No 

[If a), move to Q22] [if b), move to Q26] 

Description of Current Practice: Diagnostic Pathway (part 2)  

Q22. Which of the following diagnostic tests would you request to test a patient with 

suspected C. difficile infection? Please select one or more options.  

□ Toxigenic culture 

□ Culture 

□ Cytotoxicity assay 

□ Enzyme immunoassay (EIA) for toxin A/B 

□ Enzyme immunoassay (EIA) FOR Glutamate Dehydrogenase 

□ Nucleic Acid Amplification Test (NAAT) 

□ Other (please specify) 
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□ I do not know 

Q23. Would you request a combination of diagnostic tests (‘testing algorithm’) for a patient with 

suspected C. difficile infection? 

d) Yes 

e) No 

f) I do not know 

[if a), move to Q24, if b-c) move to Q26] 

Q24. For each step of the testing algorithm, please describe in the best way you can what 
would you do if the test result was positive or negative. If your laboratory uses more testing 
algorithms please describe them separately. 
____________________________________________________________________________
______________________________________________________________________ 

[Move to Q26] 

 
Q25. For each of the following scenarios, what would you consider to diagnose a patient 
suspected with C. difficile infection (e.g. patient demographics, risk factors, symptoms, underlying 
conditions and treatment)? 

CDI is likely to be present  

C. difficile could be present  

CDI is very UNLIKELY to be present  

 

Cloistridioides difficile infection = CDI 

Terminology for each diagnostic scenario is based on Department of Health and Social Care 

document  "Update guidance on the diagnosis and reporting of Clostridium 

Difficile"(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/215135/dh_133016.pdf) 

[Move to Q26] 

Description of Current Practice: Diagnostic Pathway (part 3b) 

Q26. Using a scale from 1= "Not at all confident" to 5="Very confident", how confident do you 

usually feel about the test results for C. difficile infection you receive? 

□ Not at all confident 1 

□ Not very confident 2 

□ Neither 3 

□ Fairly confident 4 

□ Very confident 5 

□ I do not know 

Q27. What is your confidence in test results for C. difficile infection based on? Please explain. 

____________________________________________________________________________
______________________________________________________________________ 

Q28. What would make you more confident about test results for C. difficile infection? 

____________________________________________________________________________
______________________________________________________________________ 

[Move to Q29] 

  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/215135/dh_133016.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/215135/dh_133016.pdf
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Description of Current Practice: Diagnostic Pathway (part 4) 

Q29. What would you consider to initiate de-escalation of infection control measures for a patient 
confirmed with C. difficile infection (e.g. test results, patient demographics, risk factors, 
symptoms, underlying conditions and treatment)? 

____________________________________________________________________________
______________________________________________________________________ 

[Move to Q30] 

General Practitioners 

Section 1: Description of Clinical Practice (GP) 

We would like to gather your views about current practice in diagnosing Clostridioides difficile 

(C. difficile) infection in the clinical setting where you work.  

Q11. What symptoms would lead you to suspect that an individual in your clinical setting 

has C. difficile infection? Please select one or more options. 

□ Watery stools 

□ Fever 

□ Abdominal cramps 

□ Leucocytosis 

□ Hypoalbuminemia 

□ Unexplained diarrhoea 

□ Other (please specify) 

□ I do not know 

Q12. In which age group do you most often encounter individuals with 

suspected C. difficile infection? Please select one or more options. 

□ Young children (< 2 years old) 

□ Children (2 to 18 years old) 

□ Adults (18 to 65 years old) 

□ Older adults (>65 years old) 

□ I do not know 

Q13. As part of this process, would you request any diagnostic test? 

a) Yes 

b) No 

c) I do not know 

[If a), move to Q13a] [If b-c), move to Q14] 

 
Q13a. Would you suggest a patient suspected with C. difficile infection to follow hand hygiene 

measures after requesting a diagnostic test? 

a) Yes 

b) No 

c) I do not know 

[Move to Q15] 
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Description of Clinical Practice: Diagnostic Pathway (part a) 

Q14. For each of the following scenarios, what would you consider to diagnose a patient 

suspected with C. difficile infection (e.g. patient demographics, risk factors, symptoms, 

underlying conditions and treatment)?  

Cloistridioides difficile infection = CDI 

Terminology for each case is based on Department of Health and Social Care 

document  "Update guidance on the diagnosis and reporting of Clostridium 

Difficile"(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/215135/dh_133016.pdf) 

CDI is likely to be present  

C. difficile could be present  

CDI is very unlikely to be present   

[Move to Q15] 

Description of Clinical Practice: Diagnostic Pathway (part b) 

 

Q15. Using a scale from 1= "Not at all confident" to 5="Very confident", how confident do you 

usually feel about the test results for C. difficile infection you receive? 

□ Not at all confident 1 

□ Not very confident 2 

□ Neither 3 

□ Fairly confident 4 

□ Very confident 5 

□ I do not know 

Q16. What is your confidence in test results for C. difficile infection based on? Please explain. 

____________________________________________________________________________
____________________________________________________________________________ 

Q17. What would make you more confident about test results for C. difficile infection? 

____________________________________________________________________________
____________________________________________________________________________ 

[Move to Q30] 

 

Common sections 

Section 2: Problems with Diagnosing Clostridioides difficile infection 

In this section we are interested in identifying any problems or difficulties with diagnosing 

C. difficile infection in the clinical setting where you work. 

 

Q30. In your view, are there any problems in diagnosing C. difficile infection?  If so, please 

describe them here.   

____________________________________________________________________________
____________________________________________________________________________ 

Q31. In your view, are there any problems with current diagnostic tests for C. difficile infection?* 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/215135/dh_133016.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/215135/dh_133016.pdf
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a) Yes 

b) No 

c) I do not know 

[If answer is a) move to Q32] [If answer is b-c) move to Q34] 

Section 2. Problems with Current Diagnostic Tests  

Q32. In relation to the diagnostic test(s) that is available to you in your clinical settings, what are 

the limitations? Please select one or more options.* 

□ Long turnaround time 

□ Too expensive 

□ Poor ability to confirm if a patient has C. difficile infection 

□ Poor ability to confirm if a patient does not have C. difficile infection 

□ Difficult to interpret test results 

□ Other (please specify)  

□ I do not know 

 

Q33. In relation to the diagnostic tests that are available to you in your laboratory, what problems 

do these limitations cause? Please select one or more options.*   

□ Longer length of (hospital) stay 

□ Inappropriate antibiotic prescription 

□ Delays in administering treatment to patients 

□ Differences in case reporting across laboratories 

□ Potential spread of infection 

□ Other (please specify) 

□ I do not know 

[Move to Q34] 

Section 3: Room for Improvement in Current Diagnostic Tests?  

 

Q34. Could a better diagnostic test solve any of the current issues with diagnosing C. difficile 

infection?* 

a) Yes  

b) No 

c) I do not know  

[If answer is a) move to Q36] [If answer is b) move to Q35a] 

____________________________________________________________________________
____________________________________________________________________________ 

Q35a. Please explain your answer.  

[If answer to Q35 is b), move to Q38] 

Section 4: Description of Ideal Diagnostic Test 

 

Q36. How would a better diagnostic test solve current issues with diagnosing C. difficile infection?  

____________________________________________________________________________
____________________________________________________________________________ 

 
We would now like to collect your thoughts on the ideal features of a new diagnostic test for 

C. difficile infection.  
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Q37. Hypothetically, what would be the ideal characteristics of a new diagnostic test for C. difficile 

infection in relation to your clinical setting?  

  

Ideal type of sample (e.g. stool)  

Ideal technique for obtaining the sample (e.g. 

swab) 

 

Ideal technique for transporting the sample  

Ideal turnaround time  

Ideal positioning of a new test into care pathway  

Acceptable cost of a new test (£)  

Other ideal features of a new test  

Consent to Submit  

Q38. Do you consent to submit this questionnaire? Once you submit the questionnaire it will not 

be possible to withdraw your responses.* 

a) Yes 

b) No 

 

[if answer is a), move to Final page] [if answer is b), move to ‘End of the Questionnaire’] 
 

End of the Questionnaire 

Many thanks for filling in the questionnaire. Your answers will be deleted as you have chosen not 
to submit the questionnaire.  
 
Please close this webpage without pressing the button 'Finish'. 
 
If you have any queries, please contact via email Paola Cocco (umpc@leeds.ac.uk) 
 

 

[END QUESTIONNAIRE WITHOUT SUBMITTING IT] 

Final page 

Many thanks for filling in the questionnaire. Your answers will give us great insights on current 

UK practice for C. difficile infected patients.  

 

If you know someone who might be interested in taking part in this questionnaire, please share 

this link https://leeds.onlinesurveys.ac.uk/c-difficile-diagnostics.  
 

If you have any queries, please contact via email Paola Cocco (umpc@leeds.ac.uk) 

  

mailto:umpc@leeds.ac.uk
https://leeds.onlinesurveys.ac.uk/c-difficile-diagnostics
mailto:umpc@leeds.ac.uk


 

320 
 

Appendix G 

Ethical approval – supporting information 

From: Rachel De Souza [Medicine] on behalf of Medicine and 
Health Univ Ethics Review 

Sent: 09 October 2019 15:23 
To: Paola Cocco 
Cc: Medicine and Health Univ Ethics Review 
Subject: RE: Ethical approval-advice 
Attachments: HRA decision tool results.pdf; SoMREC Submission 

Checklist  

Hi Paola 

I can see that the HRA decision tool “Do I need NHS REC approval?” outcome is that you do 
not require NRES (NHS) ethics approval however, to ascertain if you study is research by NHS 
standards can you please also complete the other HRA decision tool at http://www.hra-
decisiontools.org.uk/research/ . 

 

If the outcome of that tool is that your study is not considered to be research by NHS 
standards, then please follow the attached SoMREC submission checklist. 

   Many thanks 
    Rachel 
 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Rachel de Souza, Research Ethics & Governance Administrator, The Secretariat, Room 9.29, 
Level 9, Worsley Building, Clarendon Way, University of Leeds, LS2 9NL, Tel: 0113 3431642, 
r.e.desouza@leeds.ac.uk 

 

From: Paola Cocco 
Sent: 09 October 2019 14:33 
To: Medicine and Health Univ Ethics Review <FMHUniEthics@leeds.ac.uk> 
Subject:Ethics  

Hello 

I am Paola Cocco, a PhD student in health economics. I am writing you to ask an advice 
on seeking approval from either University of Leeds or from the NHS Health Authority. 
As part of my project, I will send a qualitative online survey to NHS staff (e.g. clinicians, 
nurses, laboratory experts) and patient representatives (PPI) in order to elicit an unmet 
clinical need within the field of Clostridium Difficile Infection diagnostic tests. Specifically, I 
plan to ask NHS staff which patient population they think is currently affected by poor 
diagnosis, whether there is an existing diagnostic test which could solve this issue and what 
are the characteristics of an ideal test which will help addressing this issue. NHS staff will be 
recruited by virtue of their professional role using snowball sampling. 
I have checked the HRA online decision tool and it does not seem that I would need a NHS 
ethical approval (please see file attached). Could you please let me know whether I will need 
an approval from University of Leeds or from NHS Health Authority? 
 
Thanks for your help.  
Sincerely, 

http://www.hra-decisiontools.org.uk/research/
http://www.hra-decisiontools.org.uk/research/
mailto:r.e.desouza@leeds.ac.uk
mailto:FMHUniEthics@leeds.ac.uk
mailto:FMHUniEthics@leeds.ac.uk
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Paola Cocco 
 
09/10/2019 Result - NOT Research 
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Appendix H 

Ethical approval from School of Medicine Research Ethics 

Committee 

From: Rachel De Souza [Medicine] on behalf of Medicine and 

Health Univ Ethics Review 

Sent: 04 March 2020 15:34 

To: Paola Cocco 

Cc: Medicine and Health Univ Ethics Review; Bethany Shinkins 

Subject: RE: MREC 19-047 Study Approval 

 

Importance: High 

Dear Paola 
 

MREC 19-047 - Identifying unmet clinical needs for a test for Clostridium Difficile Infection 
 

I am pleased to inform you that the above research ethics application has been reviewed by 
the School of Medicine Research Ethics Committee (SoMREC) Committee and on behalf of the 
Chairs, I can confirm a favourable ethical opinion based on the documentation received at 
date of this email. 

 

Please retain this email as evidence of approval in your study file. 

Please notify the committee if you intend to make any amendments to the original research 
as submitted and approved to date. This includes recruitment methodology; all changes must 
receive ethical approval prior to implementation. Please see 
https://leeds365.sharepoint.com/sites/ResearchandInnovationService/SitePages/Amendmen
ts.aspx or contact the Research Ethics Administrator for further information 
(FMHUniEthics@leeds.ac.uk ) if required. 

Ethics approval does not infer you have the right of access to any member of staff or student 
or documents and the premises of the University of Leeds. Nor does it imply any right of 
access to the premises of any other organisation, including clinical areas. The committee 
takes no responsibility for you gaining access to staff, students and/or premises prior to, 
during or following your research activities. 
Please note: You are expected to keep a record of all your approved documentation, as well 
as documents such as sample consent forms, risk assessments and other documents relating 
to the study. This should be kept in your study file, which should be readily available for 
audit purposes. You will be given a two week notice period if your project is to be audited. 
It is our policy to remind everyone that it is your responsibility to comply with Health and 
Safety, Data Protection and any other legal and/or professional guidelines there may be. 
I hope the study goes well. 
Best wishes 
Rachel 

On behalf of Dr Naomi Quinton and Dr Anthony Howard, co-Chairs, SoMREC 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Rachel de Souza, Lead Research Ethics & Governance Administrator, The Secretariat, Room 9.29, Level 
9, Worsley Building, Clarendon Way, University of Leeds, LS2 9NL, Tel: 0113 3431642, 
r.e.desouza@leeds.ac.uk 

 

  

mailto:(FMHUniEthics@leeds.ac.uk
mailto:r.e.desouza@leeds.ac.uk
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Appendix I 

Additional results - online survey 

This appendix provides additional results from the online survey presented in 

Chapter 4.  

Table I-1 Summary statistics (n, %) of questions related ‘Description of 
Clinical Practice’ section, sorted by respondent subgroups 

Would you request a diagnostic test upon suspicion of CDI? 

 Total responses 
(n=37) 

Consultants and 
Doctors (n=9) 

Nurses (n=23) GPs and others 
(n=5) 

Yes 35 (95) 9 (100) 22 (96) 4 (8) 

No 0 (0) 0 (0) 0 (0) 0 (0) 

I do not know 2 (5) 0 (0) 1 (4) 1 (2) 

Would you pre-emptively start infection-control measures 

Yes 36 (97) 9 (100) 22 (96) 5 (100) 

No 0 (0) 0 (0) 0 (0) 0 (0) 

I do not know 1 (3) 0 (0) 1 (4) 0 (0) 

Do you know which test(s) the laboratory uses to diagnose CDI? 

 Total responses 
(n=33) 

Consultants and 
Doctors (n=9) 

Nurses (n=23) Others (n=1) 

Yes 29 (88) 9 (100) 20 (87) 0 (0) 

No 4 (12) 0 (0) 3 (13) 1 (100) 

I do not know 0 (0) 0 (0) 0 (0) 0 (0) 
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Figure I-1 Availability of diagnostic tests for CDI in absolute number (n) and 
as a proportion of respondents selecting that option within each subgroup 
(%).  

 

Table I-2 Summary statistics (n, %) of a question related to practice of 
running testing algorithms for CDI, sorted by respondent subgroups 

 Would you run a combination of diagnostic tests for CDI 

 Total responses 
(n=40) 

Laboratory-based 
clinicians (n=11) 

Ward-based clinicians 
(n=29) 

Yes 31 (78) 10 (91) 21 (72) 

No 3 (8) 1 (9) 2 (7) 

I do not know 6 (15) 0 (0) 6 (21) 
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Table I-3 Summary statistics (n, %) of question related to ‘Problems with 
diagnostic tests for CDI’ section, sorted by respondent subgroups 

Are there any problems with diagnostic tests for CDI? 

 Total responses 
(n=48) 

Laboratory-
based clinicians 
(n=11) 

Ward-based 
clinicians (n=33) 

GPs (n=4) 

Yes 19 (40) 6 (55) 11 (33) 2 (50) 

No 12 (25) 5 (45) 6 (19) 1 (25) 

I do not know 17 (35) 0 (0) 16 (48) 1 (25) 

Is there room for improvement for new diagnostic tests for CDI? 

Yes 19 (40) 7 (64) 10 (30) 2 (50) 

No 9 (19) 4 (36) 4 (12) 1 (25) 

I do not know 20 (42) 0 (0) 19 (58) 1 (25) 

Table I-4 Desirable specifications new diagnostic tests for CDI should 
ideally possess according to respondents (n=19), sorted by themes and 
subthemes in absolute number (n) and as a proportion of respondents 
which discussed that theme (%). 

Ideal type of sample  n (%) 

Stool 15 (79) 

Blood 4 (21) 

Saliva 1 (5) 

Skin microbes 1 (5) 

Other 1 (5) 

N/A 1 (5) 

Ideal technique for obtaining the sample   

Rectal swab 7 (37) 

Stool collection 5 (26) 

Others 5 (26) 

N/A 2 (11) 

Ideal technique for transporting the sample   

Tube 3 (16) 

Chute 1 (5) 

Porter 1 (5) 

Ward-based/ no need for transportation 2 (11) 

Ambient/unrefrigerated 2 (11) 

Other 6 (32) 

N/A 2 (11) 

Ideal turnaround time   

< 1 hour 8 (42) 

< 2 hours 2 (9) 
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2 – 4 hours 2 (11) 

6 hours 2 (11) 

24 hours 3 (16) 

N/A 1 (5) 

Ideal positioning of a new test into care 
pathway  

 

Point-of-care 8 (42) 

Symptom onset 4 (21) 

N/A 6 (32) 

Acceptable cost of a test   

≤ £10 7 (37) 

< £30 3 (16) 

<50£ 1 (5) 

£80 1 (5) 

Free 2 (11) 

N/A 4 (21) 

The absolute number of respondents might not add up to 

19 in case respondents proposed more than one 

subtheme for each desirable specification 
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Appendix J 

Search strategy – rapid literature review decision models for 

CDI diagnostics 

This appendix provides the search strategy of the rapid literature review of 

decision models for diagnostic tests for CDI presented in Chapter 5.  

Table J-1 Results from searches conducted on 18th February 2021 on 
MEDLINE (Ovid) and EMBASE 

# Searches Results 

1 Clostridium difficile/ 10245 

2 Clostridium Infections/ 9573 

3 C#diff*.ti,ab,kw 459 

4 diarrhea/ 49798 

5 exp models,economic/ 15859 

6 markov chains/ 15309 

7 Markov.ti,ab,kf 53771 

8 Monte carlo method/ 30285 

9 Monte carlo.ti,ab,kf 53771 

10 Exp Decision Theory/ 12633 

11 Simulation*.ti,ab,kf 392165 

12 Economic model*.ti,ab,tw 3576 

13 Decision model*.ti,ab,tw 2662 

14 (decision* ADJ2 (tree* OR analy* OR 
model*)).ti,ab,kw 

79110 

15 (cost* ADJ1 (benefit* OR utility* OR 
consequence* OR effectiveness)).ti,ab,kw 

79110 

16 OR/5-15 544368 

17 1 AND 16 116 

18 2 AND 16 105 

19 3 AND 16 331 

20 4 AND 16 17 

21 OR/17-20 471 

22 Limit 21 to English language 453 
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Appendix K 

Results – rapid literature review decision models for CDI diagnostics 

This appendix provides the results from the rapid literature review of decision models for 

diagnostic tests for CDI presented in Chapter 5, including: (i) results search strategy; (ii) 

details of each of the decision models for diagnostic tests for CDI included in the rapid 

literature review; and (iii) scores for quality of methodological reporting per item of the 

CHEERS checklist for each of the included studies (167).  

Figure K-1 PRISMA flow diagram of the rapid literature review search results 
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Table K-1 Summary table of the studies included in the literature review of decision models for CDI diagnostic tests 

First author, 
year and 
country 

Population Intervention(s) Comparator(s) Model type Perspective and 
time horizon 

 Analysis and 
outcomes 

Bartsch, S.M. 
et al. (264) 

 

Hypothetical cohort 
of 1,000 patients 
admitted to hospital 

Screening with PCR  No screening Decision tree − Hospital and third 
payer perspective 

− Time horizon not 
specified 

− CUA, CEA   

− QALY, cost per case 
averted (i.e. the 
difference in cost 
divided by the number 
of cases that 
screening would 
prevent) 

Schroeder 
(2013)(267), 
USA 

Hypothetical cohort 
of 10,000 adult 
inpatients 
suspected of 
having CDI 

− PCR 

− GDH EIA followed by 
PCR (if GDH EIA 
positive) 

− GDH EIA followed 
EIA toxin A/B  

− Batch PCR,  

− EIA toxin A/B,  

− Direct tissue 
culture 
cytotoxicity  

Two treatment 
strategies: treat 
none, treat all 

Decision tree − Healthcare 
perspective 

− “In the timespan of 
weeks” time-
horizon 

− CEA, CBA 

− Cost per true case 
diagnosed and 
treated, net cost of 
diagnosis and 
treatment (including 
cost of missed cases) 

Bartsch 
(2015)(235), 
USA 

Hypothetical cohort 
of 100 inpatients 
who had submitted 
samples for testing 

− EIA toxin A/B 

− GDH followed by EIA 
toxin A/B  

− PCR  

− GDH EIA followed by 
EIA toxin A/B, 
followed by PCR for 
confirmation of 
indeterminate results  

None specified Decision tree − Healthcare 
perspective  

− Time horizon not 
specified 

 

− CEA  

− Number of (i) timely, 
(ii) delayed, (iii) 
unnecessary 
treatments for CDI; 
unnecessary 
additional bed days; 
opportunity cost for 
lost bed days 
 

Saab 
(2015)(269), 
USA 

Hypothetical 
hospital inpatients 
with cirrhosis 

Screening all patients with 
EIA toxin A/B regardless 
of symptoms 

Screen only 
symptomatic 
patients with EIA 
toxin A/B 

Not specified − Perspective not 
specified 

− Time horizon not 
specified 

− Type of analysis not 
reported 

− Outcome evaluated 
not reported 
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Freeman 
(2017)(265), UK 

Hypothetical cohort 
of adult inpatients 
with suspected 
gastroenteritis 

GPP  Conventional 
testing 

Decision tree − Healthcare 
perspective 

− Two weeks’ time-
horizon 

− CUA 

− QALY loss, total costs 

Schechner 
(2017)(270), 
Israel 

Hospitalised 
patients in the 
internal medicine 
department (n=350) 

Four total strategies 

− Two testing methods 
(e.g. GDH EIA 
followed by EIA toxin 
A/B; PCR) 

− Two infection control 
measures (contact 
isolation in multi-bed 
rooms or single bed 
isolation/cohorting) 

GDH EIA followed 
by EIA toxin A/B 
plus contact 
isolation in 
multiple-bed 
rooms 

Stochastic 
dynamic 
model 

− Healthcare 
perspective 

− One year 

− CEA 

− Average daily number 
of infected patients, 
total costs 

Jones 
(2020)(266), UK 

Hypothetical cohort 
of 100 inpatients 
with infectious 
diarrhoea 

PCR point-of-care 
followed by EIA toxin A/B  

GDH EIA followed 
by PCR test and 
EIA toxin A/B 

Decision tree − Healthcare 
perspective 

− Two weeks’ time-
horizon 

− Cost-consequence 
analysis 

− Time-to-result, time in 
single room isolation, 
total length of hospital 
stay, cost of bed 
days, costs of 
diagnostic testing, 
total costs 

Xuan 
(2020)(268), 
USA 

65 year-old adult 
with diarrhoea, 
tested in an 
community setting 

− Standalone PCR  

− GDH + EIA toxin A/B 

− NAAT + EIA toxin A/B 

− GDH + NAAT 

None specified Decision tree − Societal 
perspective 

− 19 years’ time-
horizon 

− CUA 

− QALYs, total CDI 
cases, total costs 

CBA – cost-benefit analysis; CEA – cost-effectiveness analysis; CUA – cost-utility analysis; EIA – enzyme immunoassay; GDH – glutamate dehydrogenase; GPP – gastrointestinal pathogen panel; PCR – polymerase 
chain reaction; QALY – quality-adjusted life year  
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Table K-2 CHEERS checklist scores for each of the included studies in the rapid literature review of decision models 
for diagnostic tests for CDI (n=8)(167) 

Study (publication year) 

 Bartsch 
(2012)(264) 

Schroeder 
(2013)(267) 

Bartsch 
(2015)(235) 

Saab 
(2015)(269) 

Freeman 
(2017)(265) 

Schechner 
(2017)(270) 

Jones 
(2020)(266) 

Xuan 
(2020)(268) 

1. Title 0 1 0 0 0.5 1 1 1 

2. Abstract 0.5 0.5 1 0.5 1 1 1 1 

3. Background 
and objectives 1 1 0 1 1 1 1 1 

4. Target 
population and 
subgroups 0.5 1 1 0.5 1 1 1 1 

5. Settings and 
location 0 0 0 0 1 1 1 0 

6. Study 
perspective 0.5 0.5 0.5 0 0.5 0.5 0.5 0.5 

7. Comparator(s) 0.5 1 0.5 1 1 0.5 1 1 

8. Time-horizon 0 0.5 0 0 1 0.5 1 1 

9. Discount rate 0 0 1 0 1 0 0 1 

10. Choice of 
health outcomes 0.5 0.5 0.5 0 1 1 0.5 0.5 

11. 
Measurement of 
effectiveness 1 1 0 1 1 1 1 1 

12. 
Measurement 
and validation of 
preference-
based outcomes 1 0 0 0 1 0 0 1 

13. Resources 
and costs 1 1 1 1 1 1 1 1 

14. Currency, 
price data, and 
conversion 0 1 0.5 0 1 1 1 1 

15. Choice of 
model 0 0 0 0 1 0 0 0 

16. Assumptions 0.5 0.5 0.5 0.5 1 1 1 0.5 

17. Analytic 
methods 1 1 1 1 1 1 1 1 
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18. Study 
parameters 1 0.5 0.5 1 1 1 1 1 

19. Incremental 
costs and 
outcomes 1 1 1 0.5 1 1 1 1 

20. Uncertainty 0.5 1 1 0.5 1 1 1 1 

21. 
Heterogeneity 0 0 0 0 1 0 0 0 

22. Discussion 1 1 0.5 1 1 1 1 1 

23. Source of 
funding 1 1 1 0 1 1 1 0 

24. Conflicts of 
interest 1 1 1 1 1 1 1 1 

Total score 13.5 16 12.5 10.5 23 18.5 19 18.5 
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Appendix L 

UNIVERSITY OF LEEDS – ASSIGNMENT OF STUDENT INTELLECTUAL 

PROPERTY RIGHTS 

PARTIES: 
Paola Cocco of 22 Brudenell Road, Leeds, LS6 1BD (“Student”); and 
THE UNIVERSITY OF LEEDS, registered no. RC000658, of Leeds, LS2 9JT (“University”) 

It is agreed as follows: 

1. With effect from 30th July 2020 and in consideration of the sum of 10 pence paid by the University (receipt of 
which the Student expressly acknowledges) and the opportunity to undertake further work in connection 
with the Activities the Student hereby assigns to the University absolutely  all their rights, title and interest in 
the intellectual property rights defined in clause 2 below. To the extent that the Student is able, the Student 
furthermore hereby assigns all future IPR the Student may create in connection with the Activities. 

2. For the purposes of this Agreement “intellectual property rights” or “IPR” means: patents, rights to 
inventions, copyright and related rights, trade marks, business names and domain names, rights in get-up, 
goodwill and the right to sue for passing off, rights in designs, database rights, rights to use, and protect the 
confidentiality of, confidential information (including know-how) and all other intellectual property rights, in 
each case whether registered or unregistered and including all applications and rights to apply for and be 
granted, renewals or extensions of, and rights to claim priority from, such rights and all similar or equivalent 
rights or forms of protection which subsist or will subsist now or in the future in any part of the world arising 
from any work or other contributions made by the Student in connection with the activity as defined under 
clause 3 below. For the avoidance of doubt, the Student does not waive any “moral rights” e.g the right to 
be acknowledged as author, (see https://www.gov.uk/guidance/the-rights-granted-by-copyright) in 
copyright works which may accrue in the Student’s favour. 

3. Activities means: Any original work being produced following access to COMBACTE EU CDI data for the 

project ‘Developing a framework based on early economic evaluation to inform target product profiles for 

new diagnostic tests’. Access to COMBACTE EU CDI data will support the structure and parameterisation of a 

decision model on diagnostic tests for CDI. Specifically, COMBACTE EU CDI data will inform key input 

parameters in the decision model (e.g. sampling and testing rate, incidence and prevalence of CDI). 

4. The University agrees to reward the Student if appropriate in accordance with the University’s Intellectual 
Property Policy http://www.leeds.ac.uk/secretariat/documents/ipr_policy.pdf in the case of any commercial 
exploitation of the IPR assigned under this Agreement. 

5. The Student warrants that the IPR assigned (or to be assigned) is free from any third party rights. 

6. The Student agrees to do all reasonably required to ensure that the above IPR is fully assigned to the 
University. To the extent that the Student cannot legally assign future IPR by this Agreement, the Student 
undertakes to the University to enter into further assignments relating to future IPR in favour of the 
University. 

7. This Agreement constitutes the entire understanding between the parties relating to the transfer of present 
and future IPR. Any variations to this Agreement must be made in writing. 

 

8. This Agreement remains subject to English law and the non-exclusive jurisdiction of the English Courts. 
 

SIGNED by the Student 

  
Date: 30th July 2020 

SIGNED for and on behalf of the 

University of Leeds: 

………………………………………. Date:…5…th…A…u…g……2…02…0….. 

   

Name: Peter Muller 

  

https://www.gov.uk/guidance/the-rights-granted-by-copyright
http://www.leeds.ac.uk/secretariat/documents/ipr_policy.pdf
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Appendix M 

Reporting checklists – early economic model for new hypothetical rapid 

diagnostic test for CDI 

For each item of the STRESS-DES and CHEERS checklists, this appendix provides a 

reference to the thesis chapter(s) and section(s) where to find additional information on the 

development of the model outlined in Chapter 5 and Chapter 6.  

Table M-1 CHEERS checklist (286) 

Topic No. Item Location where item 
is reported 

Title    

1 Identify the study as an economic evaluation and 
specify the interventions being compared. 

Chapter 5, Title 

Abstract    

2 Provide a structured summary that highlights 
context, key methods, results, and alternative 
analyses. 

Not applicable 

Introduction    

Background and objectives 3 Give the context for the study, the study question, 
and its practical relevance for decision making in 
policy or practice. 

Chapter 5, section 
5.3.1. 

Methods    

Health economic analysis 
plan 

4 Indicate whether a health economic analysis plan 
was developed and where available. 

Not applicable 

Study population 5 Describe characteristics of the study population 
(such as age range, demographics, socioeconomic, 
or clinical characteristics). 

Chapter 5, section 
5.3.3.2. 

Setting and location 6 Provide relevant contextual information that may 
influence findings. 

Chapter 5, section 
5.3.3, section 5.3.3.3, 

section 5.3.3.5-
5.3.3.7. 

Comparators 7 Describe the interventions or strategies being 
compared and why chosen. 

Chapter 5, section 
5.3.3.4.1-5.3.3.4.2. 

Perspective 8 State the perspective(s) adopted by the study and 
why chosen. 

Chapter 5, section 
5.3.1, section 5.3.6. 

Time horizon 9 State the time horizon for the study and why 
appropriate. 

Chapter 5, section 
5.3.7.1 

Discount rate 10 Report the discount rate(s) and reason chosen. Chapter 5, section 
5.3.6. 

Selection of outcomes 11 Describe what outcomes were used as the 
measure(s) of benefit(s) and harm(s). 

Chapter 5, section 
5.3.6. 
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Topic No. Item Location where item 
is reported 

Measurement of outcomes 12 Describe how outcomes used to capture benefit(s) 
and harm(s) were measured. 

Chapter 5, section 
5.3.6. 

Valuation of outcomes 13 Describe the population and methods used to 
measure and value outcomes. 

Chapter 5, section 
5.3.5.9. 

Measurement and valuation 
of resources and costs 

14 Describe how costs were valued. Chapter 5, section 
5.3.5.10. 

Currency, price date, and 
conversion 

15 Report the dates of the estimated resource 
quantities and unit costs, plus the currency and year 
of conversion. 

Chapter 5, section 
5.3.5.10. 

Rationale and description of 
model 

16 If modelling is used, describe in detail and why 
used. Report if the model is publicly available and 
where it can be accessed. 

Chapter 5, section 
5.3.2, section 5.3.3. 

Analytics and assumptions 17 Describe any methods for analysing or statistically 
transforming data, any extrapolation methods, and 
approaches for validating any model used. 

Chapter 5, section 
5.3.3.1, section 

5.3.5.1, section 5.3.8. 

Characterising 
heterogeneity 

18 Describe any methods used for estimating how the 
results of the study vary for subgroups. 

Not applicable 

Characterising distributional 
effects 

19 Describe how impacts are distributed across 
different individuals or adjustments made to reflect 
priority populations. 

Not applicable 

Characterising uncertainty 20 Describe methods to characterise any sources of 
uncertainty in the analysis. 

Chapter 5, section 
5.3.7.2. Chapter 6, 
section 6.2.2-6.2.3, 

Approach to engagement 
with patients and others 
affected by the study 

21 Describe any approaches to engage patients or 
service recipients, the general public, communities, 
or stakeholders (such as clinicians or payers) in the 
design of the study. 

Chapter 5, section 
5.3.3. 

Results    

Study parameters 22 Report all analytic inputs (such as values, ranges, 
references) including uncertainty or distributional 
assumptions. 

Chapter 5, Table 5-4, 
section 5.3.5. 

Summary of main results 23 Report the mean values for the main categories of 
costs and outcomes of interest and summarise them 
in the most appropriate overall measure. 

Chapter 6, Table 6-3, 
Table 6-4 

Effect of uncertainty 24 Describe how uncertainty about analytic judgments, 
inputs, or projections affect findings. Report the 
effect of choice of discount rate and time horizon, if 
applicable. 

Chapter 6, section 
6.3.2-6.3.3 

Effect of engagement with 
patients and others affected 
by the study 

25 Report on any difference patient/service recipient, 
general public, community, or stakeholder 
involvement made to the approach or findings of the 
study 

Not applicable 

Discussion    

Study findings, limitations, 
generalisability, and current 
knowledge 

26 Report key findings, limitations, ethical or equity 
considerations not captured, and how these could 
affect patients, policy, or practice. 

Chapter 6, section 
6.4.1, section 6.4.3 
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Topic No. Item Location where item 
is reported 

Other relevant information    

Source of funding 27 Describe how the study was funded and any role of 
the funder in the identification, design, conduct, and 
reporting of the analysis 

Page iv 

Conflicts of interest 28 Report authors conflicts of interest according to 
journal or International Committee of Medical 
Journal Editors requirements. 

Not applicable 
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Table M-2 STRESS-DES guidelines checklist (285) 

Section/Subsection Item Reference to the thesis 

1. Objectives  

Purpose of the 
model 

1.1 See Chapter 5 section, 5.3.1 

Model Outputs 1.2 See Chapter 5, section 5.3.3.7 

Experimentation 
Aims 

1.3 Scenario-based analysis – see Chapter 6, section 
6.2.2 

2. Logic  

Base model 
overview diagram 

2.1 See Chapter 5, section 5.3.3 

Base model logic 2.2 See Chapter 5, section 5.3.3 

Scenario logic 2.3 See Chapter 6, section 6.2.2 

Algorithms 2.4 See Technical documentation - available upon 
request 

Components 2.5 See Chapter 5, section 5.3.3.1- 5.3.3.2 

See Chapter 5, section 5.3.3 

See Chapter 5, section 5.3.3.2- 5.3.3.3- 5.3.3.4- 
5.3.3.7 

See Chapter 5, section 5.3.3.1 

3. Data  

Data sources 3.1 See Chapter 5, section 5.3.5. 

Pre-processing 3.2 See Chapter 5, section 5.3.5. Appendix N 

Input parameters 3.3 See Chapter 5, section 5.3.5, Appendix N  

Assumptions 3.4 See Chapter 5, section 5.3.3.1. 
 

4. Experimentation   

Initialisation 4.1 See Chapter 5, section 5.3.7.1, Appendix N  

Run length 4.2 See Chapter 5, section 5.3.7 

 
Estimation approach 
 

4.3 See Chapter 5, section 5.3.7.1, Appendix N  

5. Implementation   

Software or 
programming 
language 

5.1 See Chapter 5, section 5.3.7  

Random sampling  5.2 See Chapter 5, section 5.3.7.1 

Model execution 5.3 See Chapter 5, section 5.3.7 

System Specification 5.4 See Chapter 6, section 6.2. 

6. Code Access  

Computer Model 
Sharing Statement 

6.1 See Chapter 5, section 5.3.3. 
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Appendix N 

Model parametrisation 

This appendix provides additional information on the parameterisation of the model 

described in Chapter 5 and Chapter 6. In particular, further information is provided on: (i) 

how the inter-arrival time is estimated within the model (see section N.1); (ii) how the 

simulated availability of single room is calculated (section N.2); and (iii) results from the 

parametric survival analysis on time-to-event variables in the model (i.e. duration of 

symptoms for CDI positive and negative patients, and hospital LOS) (section N.3). 

N.1 Inter-arrival time calculations 

Table N-1 Monthly average stool samples being tested in the UK, sorted by hospital 
type (source: COMBACTE-CDI survey) 

Monthly average stool samples being tested 

 District Hospitals Teaching Hospitals 

Mean 984 1923 

Standard Error 236 688.7448 

Median 850 1430.5 

Standard Deviation 709.324111 1948.065 

Minimum 162 70 

Maximum 2425 6239 

Count 9 8 

Confidence Level (95%) 545.234778 1628.623 

Upper CI (95%) 1529 3551 

Lower CI (95%) 439 294 

 

Table N-2 Percentage of stool samples tested only for CDI in UK hospitals (source: 
COMBACTE-CDI survey) 

 n Frequency 

Less than 30% of samples 2 0.25 

49-30% of samples 4 0.5 

69-50% of samples 2 0.25 
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The following steps were taken to calculate the inter-arrival time, including:  

1. Calculate the proportion of samples being tested for CDI only 

• Set global variable X1 equal to dist_proportions of samples tested only for CDI 

 

− Value 1: 30-49% of samples being tested for CDI only 

− Value 2: less than 30% of samples being tested for CDI only 

− Value 3: 50-69% of samples being tested for CDI only 

• Assume an equal probability within each range (e.g. if you consider value 2, 0-

10%, 10-20%, 20-30% ranges have a probability of 0.33). This is because 

COMBACTE-CDI survey data does not report the frequency within each range. 

For each range (e.g. 1-2-3), assign an uniform distribution.  
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2. Calculate monthly average of samples tested only for CDI 

• Depending on the hospital size, multiply the median stools being tested with the 

proportion of samples being tested only for CDI to monthly average samples 

• Calculate weekly average= monthly average CDI only/4 

• Calculate daily average= weekly average/5 working days 

• Calculate number of samples per minute= daily average/600 min36 

• Lambda= 1/number of samples per minute 

• Plug lambda in an exponential distribution 

 
36 The simulation runs from 9am to 7pm (10 hours) on Monday-Friday. Each day has 60*10= 600 

minutes 
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• Lambda = 1/ number of samples per minute 

3. Set Start Point inter-arrival time equal to an exponential distribution with lambda as 

average 

N.2 Single room availability 

Assumption - equilibrium in the other hospital wards. Take a 1/3 of the average of single 

rooms available. The following estimates were sense-checked with a clinical expert.  

• District Hospitals: 196.8/3= 66 single rooms  

• Teaching Hospitals: 278.7/3= 93 single rooms  

Table N-3 Single rooms availability in UK hospitals, sorted by hospital type (source: 
COMBACTE-CDI survey) 

 District Hospitals Teaching Hospitals  

Mean 196.8 278.7 

Standard Deviation 108.6 93.8 

Upper bound 95% CI 280.3 365.5 

Lower bound 95% CI  113.4 192 
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N.3 Parametric survival analysis 

N.3.1 Visual inspection of goodness of fit of different parametric 

distribution against the observed IPD 

LOS CDI negative 

Figure N-1 Histogram and theoretical densities, Q-Q plot, empirical and 
theoretical Cumulative Distribution Functions (CDFs), and P-P plot for 
different parametric distributions simulating LOS CDI negative IPD 
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LOS CDI positive 

Slow time-to-result 

Figure N-2 Histogram of fitted Weibull distribution to LOS CDI positive IPD 
(slow time-to-result) 

 

Figure N-3 Histogram of fitted exponential distribution to LOS CDI positive 
IPD (slow time-to-result) 
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Figure N-4 Histogram of fitted lognormal distribution to LOS CDI positive 
IPD (slow time-to-result) 

 

 

Average time-to-diagnosis 

Figure N-5 Histogram of fitted Weibull distribution to LOS CDI positive IPD 
(average time-to-result) 
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Figure N-6 Histogram of fitted exponential distribution to LOS CDI positive 
IPD (average time-to-result) 

 

Figure N-7 Histogram of fitted lognormal distribution to LOS CDI positive 
IPD (average time-to-result) 
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Rapid time-to-diagnosis 

Figure N-8 Histogram of fitted Weibull distribution to LOS CDI positive IPD 
(rapid time-to-result) 

 

Figure N-9 Histogram of fitted exponential distribution to LOS CDI positive 
IPD (rapid time-to-result) 
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Figure N-10 Histogram of fitted lognormal distribution to LOS CDI positive 
IPD (rapid time-to-result) 
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Diarrhoea duration CDI negative 

Figure N-11 Histogram and theoretical densities, Q-Q plot, empirical and 
theoretical CDFs, and P-P plot for different parametric distributions 
simulating diarrhoea duration CDI negative IPD 
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Diarrhoea duration CDI positive 

Figure N-12 Histogram and theoretical densities, Q-Q plot, empirical and 
theoretical CDFs, and P-P plot for different parametric distributions 
simulating diarrhoea duration CDI positive IPD 
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Example R code for parametric sampling method 

#Author: Alison Smith  

#set wd 

setwd(‘’)   #Change to link to your working directory where the data is stored 

# Clear the workspace 

rm(list = ls()); 

# Load packages  

install.packages("MASS") 

install.packages("survival") 

install.packages('fitdistrplus') 

library(MASS) 

library(survival) 

library(fitdistrplus) 

library(MASS) 

# Load dataset 

df_data <- read.csv(file = "")   #Change to according to the file name  

#============= Survival analysis ====  

#Make sure LOS data is in numeric format 

#e.g. if data column is called "LOS": 

data_temp <- as.numeric(df_data$ )   #change variable name here as required 

length(data_temp[is.na(data_temp)]) 

summary(data_temp) 

#zero values cause an issue so add on a small amount to zero values if there are any 

#data_temp <- ifelse(df_data==0, 0.1, df_data)  

#summary(data_temp) 

length(data_temp[data_temp<0])      #check if you have any negative values (need to deal with them if so) 

length(data_temp[is.na(data_temp)])    #check if you have any NA values   (need to deal with them if so) 

data_temp <- data_temp[!is.na(data_temp)]#here I guess I am removing NA values 

length(data_temp[data_temp<0]) ##now there are no negative values 

data_temp <- ifelse(data_temp==0,0.01,data_temp)    

length(data_temp[data_temp<0]) 

#Plots to explore possible fits 

#indicates which distributions are worth considering  

plotdist(data_temp, histo=TRUE, demp=TRUE) 

descdist(data_temp, boot=1000) 

#Fit distributions 

fit_exp   <- fitdist(data=data_temp, distr="exp", method="mle") 

fit_lnorm <- fitdist(data=data_temp, distr="lnorm", method="mle") 

fit_gamma <- fitdist(data=data_temp, distr="gamma", method="mle") 

fit_weib  <- fitdist(data=data_temp, distr="weibull", method="mle")   



 

351 
 

#Compare goodness of fits 

fit_exp$aic; fit_lnorm$aic; fit_gamma$aic; fit_weib$aic    

fit_exp$bic; fit_lnorm$bic; fit_gamma$bic; fit_weib$bic 

# #Plots 

par(mfrow = c(2, 2))  #sets plots to show 2x2 layout 

plot.legend <- c("exp", "lognormal", "gamma", "weibull") 

denscomp(list(fit_exp, fit_lnorm, fit_gamma, fit_weib), xlim = c(0,10),addlegend = TRUE, legendtext = 

plot.legend) #what is this plot showing? 

legend(legend = c("exp", "lognormal", "gamma", "weibull"))  

qqcomp(list(fit_exp, fit_lnorm, fit_gamma, fit_weib), legendtext = plot.legend) 

cdfcomp(list(fit_exp, fit_lnorm, fit_gamma, fit_weib), legendtext = plot.legend) 

ppcomp(list(fit_exp, fit_lnorm, fit_gamma, fit_weib), legendtext = plot.legend) 

par(mfrow = c(1, 1)) #resets plot layout to a single plot  

#Check the fits against observed data 

summary(rlnorm(10000,fit_lnorm$estimate[1], fit_lnorm$estimate[2])) 

summary(rweibull(10000,fit_weib$estimate[1], fit_weib$estimate[2])) 

summary(rgamma(10000,fit_gamma$estimate[1], fit_gamma$estimate[2])) 

summary(rexp(10000,fit_exp$estimate[1])) 

summary(data_temp) 

#Get parameter values to use in model  

summary(fit_exp) 

summary(fit_gamma) 

summary(fit_lnorm) 

summary(fit_weib)  

####FITTING DISTRIBUTIONS FOR PARAMETERS W/O INDIVIDUAL PATIENT DATA 

library(mixdist) 

mean_slow_TAT <- 30.3 ## LOS CDI Pos patients with slow time-to-result - change this as appropriate 

sd_slow_TAT <- 36.3 

mean_rapid_TAT <- 23.2 

sd_rapid_TAT <- 25.4 

mean_average_TAT <- 26.9 

sd_average_TAT <- 28.9 

## 1- WEIBULL DISTRIBUTION 

weibullpar(mean_rapid_TAT,sd_rapid_TAT) 

##this gives shape 0.8389166 and scale 27.61969 

test_weibull <-rweibull(100000, shape=0.9145084, scale = 22.23937) 

hist(test_weibull,breaks=30) 

summary(test_weibull) 

## 2- LOGNORMAL DISTRIBUTION 

meanlog <- log(mean_rapid_TAT^2 / sqrt(sd_rapid_TAT^2 + mean_rapid_TAT^2))    ##location parameter 

= meanlog 
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sdlog <- sqrt(log(1 + (sd_rapid_TAT^2 / mean_rapid_TAT^2)))## shape parameter = sdlog 

print(meanlog) 

print(sdlog) 

test_ln <-rlnorm(100000,meanlog = meanlog, sdlog = sdlog) 

hist(test_ln, breaks = 30) 

summary(test_ln) 

## 3- EXPONENTIAL DISTRIBUTION 

lambda <- 1/mean_rapid_TAT   #rate parameter 

print(lambda) 

test_exp <- rexp(100000, rate = lambda) 

summary(test_exp) 

hist(test_exp) 

length(test_weibull[which(test_weibull>100)]) 

length(test_ln[which(test_ln>100)]) 

length(test_exp[which(test_exp>100)]) 

length(test_weibull[which(test_weibull>200)]) 

length(test_ln[which(test_ln>200)]) 

length(test_exp[which(test_exp>200)]) 
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N.3.2 Analysis of the AIC and BIC metrics and the key summary statistics produced from different parametric 

distributions 

Table N-4 AIC, BIC criteria and descriptive statistics for the LOS and diarrhoea duration parametric distributions 

  LOS CDI NEGATIVE 

AIC BIC Min 1st 
Quantile 

Median Mean 3rd 
Quantile 

Max Comments 

Original 
dataset 

    1 8.5 17 28.6 28.5 183   

Exponential 550.5432 552.6864 0.0001 8.2424 19.885 28.1944 38.8163 360.192 Second best choice 

Lognormal 545.1519 549.4382 0.2041 6.5302 14.5679 30.938 33.8305 1218.1461 Although this distribution has the lowest 
AIC and BIC scores, descriptive statistics 
are not a closer fit and maximum value is 
too high (i.e. long tail) 

Gamma 551.8314 556.1176 0 6.935 18.513 28.323 39.553 382.521 Second highest AIC and BIC scores 

Weibull 550.4396 554.7259 0.00038 6.55127 17.33442 28.49358 39.18863 302.83974 Best choice given graphs and fitting with 
median and mean, AIC and BIC scores 

  Diarrhoea duration CDI NEGATIVE 

AIC BIC Min 1st 
Quantile 

Median Mean 3rd 
Quantile 

Max Comments 

Original 
dataset 

    0.01 1 2 7.043 5 47   

Exponential 285.397 287.2682 0.00164 2.05785 4.90652 7.02925 9.70991 66.4793 Highest AIC and BIC scores 

Lognormal 259.7221 263.4645 0 0.291 1.45 24.654 7.053 14068.535 
 

Gamma 251.3209 255.0633 0 0.4531 2.6035 6.8456 8.6629 129.0019 Second highest AIC and BIC scores 

Weibull 250.0606 253.803 0 0.4446 2.1062 7.238 7.7828 264.8665 Lowest AIC and BIC, closer to median, 
mean, 3rd quantile. Maximum value is high 
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  Diarrhoea duration CDI POSITIVE 

AIC BIC Min 1st 
Quantile 

Median Mean 3rd 
Quantile 

Max Comments 

Original 
dataset 

    0.01 2 4 12.27 8.5 90   

Exponential 79.16398 79.56187 0.00175 3.34671 8.31677 12.01561 16.66562 122.07254 Highest AIC and BIC scores 

Lognormal 75.48467 76.28046 0.001 0.652 2.777 23.922 11.734 4861.523 Second highest AIC and BIC scores, 
maximum value is too high  

Gamma 74.43851 75.2343 0 0.9589 5.138 12.4303 16.3026 209.5033 
 

Weibull 73.3838 74.1796 0 0.9474 3.9532 11.3472 13.109 307.5213 Weibull has the lowest AIC and BIC scores, 
although the max value is too high. 

  LOS CDI POSITIVE 

  AIC BIC Min 1st 
Quantile 

Median Mean 3rd 
Quantile 

Max Comments 

Original 
dataset 

    1 4 7 22 40 78   

Exponential 141.0954 141.9287 0.0032 6.3885 15.1652 22.1214 30.9259 240.3646   

Lognormal 140.472 142.1384 0.0258 3.7077 9.6051 24.5721 24.5303 1347.278 Although this distribution has the lowest 
AIC and BIC scores, descriptive statistics 
are not a closer fit and maximum value is 
too high (i.e. long tail) 

Gamma 141.8438 143.5103 0.00021 4.41184 13.32876 22.06313 29.89258 253.45255   

Weibull 141.5672 143.2336 0.00054 3.9194 12.12045 21.88648 29.19101 297.62944   
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 LOS CDI POSITIVE - slow diagnosis 

 Min 1st 
Quantile 

Median Mean 3rd 
Quantil
e 

Max N 
observati
ons 
above 
100 days 

N 
observati
ons 
above 
200 days 

Comments 

Original 
summary 
data 

  
19.5 30.3 

    
  

Exponential 0.0005 8.7674 21.0485 30.3742 42.0335 352.5776 3791 145 Second best distribution - lowest maximum 
value, fits also better with median 

Lognormal 0.4078 10.2089 19.3513 30.0956 36.5003 932.616 4040 664   

Weibull 0 6.156 17.781 30.3 40.794 456.528 5318 522   

  LOS CDI POSITIVE - average diagnosis 
 

Min 1st 
Quantile 

Median Mean 3rd 
Quantil
e 

Max N 
observati
ons 
above 
100 days 

N 
observati
ons 
above 
200 days 

 Comments 

Original 
summary 
data 

  
20 26.9 

    
  

Exponential 0.00003 7.68333 18.61909 26.9345 37.5969
8 

311.5671 2440 65 Second best distribution - lowest maximum 
value, fits also better with median 

Lognormal 0.4627 10.1534 18.3612 26.9409 32.9434 650.1521 2635 318   

Weibull 0.0003 6.7493 17.4748 26.7551 36.6819 348.1296 2993 129   

 

 

 

 
  

LOS CDI POSITIVE - rapid diagnosis 
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Min 1st 

Quantile 
Median Mean 3rd 

Quantil
e 

Max N 
observati
ons 
above 
100 days 

N 
observati
ons 
above 
200 days 

 Comments 

Original 
summary 
data 

  
20 23.2 

    
  

Exponential 0.00017 6.67094 16.13568 23.23045 32.282 307.7539 1293 13 Second best distribution - lowest maximum 
value, fits also better with median 

Lognormal 0.3063 8.5956 15.6251 23.2293 28.4629 1056.037 1845 225   

Weibull 0.00006 5.68658 14.87688 23.17591 31.6017
9 

298.5881 1946 661   
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Table N-5 Summary parameters for time-to-event variables 

Parameter Alpha (shape parameter) Beta (scale parameter) Distribution 

Duration symptoms CDI negative 0.5543052 4.23548 Weibull 

Duration symptoms CDI positive 0.5880247 7.47795 Weibull 

LOS CDI negative 0.8793202 26.57436 Weibull 

LOS CDI positive – slow time to 

diagnosis 

0.8389166 27.61969 Weibull 

LOS CDI positive – average time to 

diagnosis 

0.9315079 26.0319 Weibull 

LOS CDI positive – rapid time to 

diagnosis 

0.9145084 22.23937 Weibull 
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Appendix O 

Model analysis and results 

This appendix provides additional information on the model analysis implementation and additional results from the model 

described in Chapter 5 and Chapter 6.  

O.1 Model analysis methods 

O.1.1 Model initialisation  

Figure O-1 Assessment of how long the warm-up period should be to stabilise the number of new secondary cases in 
general ward – HT testing strategy at 15 minutes turnaround time 
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Figure O-2 Assessment of how long the warm-up period should be to stabilise the number of new secondary cases in 
general ward – LTHT testing strategy 
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Model replication estimation  

Figure O-3 Assessment of how many model replications are required to stabilise the number of new secondary cases 
in the general ward – HT testing strategy at 15-minutes turnaround time 
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Figure O-4 Assessment of how many model replications required to stabilise the number of new secondary cases in 
the general ward – LTHT testing strategy 
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O.1.2 Identification of minimum performance requirements  

Phase 2: Identification of key model drivers 

Upper and lower values were informed by literature estimates if available. If not available, a +/- 25%  and +/- 50% deviation was 

applied.  

For parameters where IPD were available, a decrease or increase of 25% and 50% from baseline IPD values was applied and 

then the scale and shape parameters for the fitted Weibull distributions were re-calculated to estimate the lower and upper 

bound.  

For Weibull parameters based on aggregate data from the Barbut, F. et al. (260) study, the scale and shape parameters were 

re-calculated by applying a +/- 25% and 50% change to the mean estimates, holding the standard deviation constant. 

Table O-1 Lower and upper bounds for each model parameter, alongside calculations and sources, used to estimate 
the ranges for the univariate sensitivity analysis based on literature estimates and expert opinion 

Parameter Lower 
bound  

Upper bound Sources and calculations 

Reproductive 
ratio for CDI 

0.55  1.99 Lanzas, C. et al. (293) 

GDH EIA 
diagnostic 
sensitivity 

94%  96% Crobach, M.J.T. et al. (222) 

GDH EIA 
diagnostic 
specificity 

94% 95% Crobach, M.J.T. et al. (222) 

PCR 
diagnostic 
sensitivity 

92% 97% Crobach, M.J.T. et al. (222) 

PCR 
diagnostic 
specificity 

97% 99% Crobach, M.J.T. et al. (222) 

CCNA 
diagnostic 
sensitivity 

75.8% 100% Planche, T. and M. Wilcox (294) – lower bound based on Barbut, F. et al. (311) 
estimate; upper bound set equal to perfect diagnostic sensitivity 
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CCNA 
diagnostic 
specificity 

96.7% 100% Planche, T. and M. Wilcox (294) – lower bound based on DiPersio, J.R. et al. (373) 
estimate; upper bound set equal to perfect diagnostic specificity 

Time-to-
obtain stool 
sample 

0 day  2 days Jones, W.S. et al. (266) 

Time-to-
transport 
sample to 
the 
laboratory 

0 minutes 300 minutes Assumption – high value is half-a-day as it requires transporting samples to an off-
site laboratory 

GDH EIA 
time-to-result 

45 minutes 180 minutes Assumption 

PCR time-to-
result 

30 minutes 120 minutes Assumption 

CCNA time-
to-result 

300 minutes 3 days Assumption 

Multiplex GI 
panel 
operating 
time 

30 minutes 50 minutes Assumption 

 

Table O-2 Lower and upper bounds for each model parameter, alongside calculations and sources, used to estimate 
the ranges for the univariate sensitivity analysis based arbitrary +/-25% and 50% deviation from baseline value 

 +/- 25% deviation +/- 50% deviation Sources and calculations 

Parameter Lower 

bound 

Upper bound Lower 

bound 

Upper 

bound 

Disease prevalence 

CDI  

0% 25% 0% 50% Arbitrary +/-25% and 50% deviation from 

baseline value 

Disease prevalence 

other GI pathogens 

0% 25% 0% 50% Arbitrary +/-25% and 50% deviation from 

baseline value 
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LOS CDI negative 

patients (days) 

Shape:  
0.8790504 
Scale: 

19.9177571 

Shape: 
0.8790134 
Scale: 

33.2105691 

Shape: 

0.9194015 

Scale: 

13.9188038 

 

Shape: 

0.8944039 

Scale: 

40.5561513 

 

COMBACTE-CDI CRF dataset – uplift or lower 

IPD baseline value by 25% and 50% and re-

calculate shape and scale parameters for 

Weibull distribution 

LOS CDI positive 

patients – slow 

diagnosis (days) 

Shape: 
0.6491104 
Scale: 

16.60751 

Shape: 
1.043657 
Scale: 

38.52885 

Shape: 

0.4774069 

Scale: 

6.952212 

 

Shape: 

1.261911 

Scale: 

48.95625 

 

Barbut, F. et al. (260)– uplift or lower baseline 

value by 25% and 50% and re-calculate shape 

and scale parameters for Weibull distribution 

LOS CDI positive 

patients – average 

diagnosis (days) 

Shape: 
0.7128001 
Scale: 

16.2108 

Shape:  
1.167139 
Scale: 

35.4809 

Shape: 

0.5159793 

Scale: 

7.141579 

 

Shape: 

1.417708 

Scale: 

44.4119 

 

Barbut, F. et al. (260) – uplift or lower baseline 

value by 25% and 50% and re-calculate shape 

and scale parameters for Weibull distribution 

LOS CDI positive 

patients – rapid 

diagnosis (days) 

Shape: 
0.7011098 
Scale:   

13.76674 

Shape: 
1.144493 
Scale: 

30.42887 

Shape: 

0.5075872 

Scale: 

5.961175 

 

Shape: 

1.387367 

Scale: 

38.12686 

 

Barbut, F. et al. (260) – uplift or lower baseline 

value by 25% and 50% and re-calculate shape 

and scale parameters for Weibull distribution 

Duration diarrhoea 

after sampling – CDI 

negative patients 

(days) 

Shape: 
0.5542175 
Scale:   

3.175754 

Shape: 
0.55433 
Scale: 

5.294004 

Shape: 

0.6305055 

Scale: 

2.7872972 

 

Shape: 

0.5571209 

Scale: 

6.7335746 

 

COMBACTE-CDI CRF dataset – uplift or lower 

IPD baseline value by 25% and 50% and re-

calculate shape and scale parameters for 

Weibull distribution 
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Duration diarrhoea 

after sampling – CDI 

positive patients 

(days) 

Shape: 
0.5879807 
Scale: 
5.610213 

Shape: 
0.5879725 
Scale: 
9.344171 

Shape: 

0.6373938 

Scale: 

4.3010929 

 

Shape: 

0.594098 

Scale: 

11.598998 

 

COMBACTE-CDI CRF dataset – uplift or lower 

IPD baseline value by 25% and 50% Shand re-

calculate shape and scale parameters for 

Weibull distribution 

Utility weight for 

adult UK inpatient 

with the first episode 

of CDI  

32% 52% 21% 63% Arbitrary +/-25% and 50% deviation from 

baseline value 

Decrement utility 

weight due to 

inappropriate 

antibiotics 

8% 13% 5% 15% Arbitrary +/-25% and 50% deviation from 

baseline value 

Probability of clinical 

cure – slow diagnosis 

63.975% 100% 42.65% 100% Barbut, F. et al. (260) – decrease baseline 

value by 25% and 50% to estimate lower 

bound; set upper bound equal to 100% 

Probability of clinical 

cure – average 

diagnosis 

68.025% 100% 45.35% 100% Barbut, F. et al. (260) – decrease baseline 

value by 25% and 50% to estimate lower 

bound; set upper bound equal to 100% 

Probability of clinical 

cure – rapid 

diagnosis 

71.7%  100% 47.8% 100% Barbut, F. et al. (260) – decrease baseline 

value by 25% and 50% to estimate lower 

bound; set upper bound equal to 100% 

Cost of bed day in 

adult isolation 

£519.6225 £866.0375 £346.415 £1039.245 Arbitrary +/-25% and 50% deviation from 

baseline value 

Cost of bed day in 

general ward 

£437.25 £728.75 £291.5 £874.5 Arbitrary +/-25% and 50% deviation from 

baseline value 

GDH EIA cost per kit £3.63 £6.05 £2.42 £7.26 Arbitrary +/-25% and 50% deviation from 

baseline value 
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PCR cost per run £20.175 £33.625 £13.45 £40.35 Arbitrary +/-25% and 50% deviation from 

baseline value 

CCNA cost £2.805  £4.675 £1.87 £5.61 Arbitrary +/-25% and 50% deviation from 

baseline value 

Multiplex GI panel 

cost per sample 

£32.2725 £53.7875 £21.515 £64.545 Arbitrary +/-25% and 50% deviation from 

baseline value 

Additional cost per 

secondary case per 

day 

£717.885 £1196.475 £478.59 £1435.77 Arbitrary +/-25% and 50% deviation from 

baseline value 

Vancomycin cost £99.3675 £165.6125 £66.245 £198.735 Arbitrary +/-25% and 50% deviation from 

baseline value 
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Table O-3 Summary of the key structural assumptions underpinning UK 
Teaching Hospitals and UK District Hospitals as simulated in the baseline 
scenario and S.4 scenario, respectively 

Feature of 
clinical setting 

UK 
Teaching 
Hospital 

UK 
Distric
t 
Hospit
al 

Calculations Source 

Single rooms 
being 
available (n) 

279 192 Assumption – one-third 
of the reported single 
rooms in the 
COMBACTE CDI 
survey would be 
allocated for patients 
suspected with 
diarrhoea. See section 
5.3.5.4 in Chapter 5  

COMBACTE-
CDI survey 

Single rooms 
simulated (n) 

93 64 

Monthly 
average of 
stools being 
tested – 
median (n) 

1430 850 See section 5.3.5.5 in 
Chapter 5 

COMBACTE-
CDI survey 

Laboratory On-site (15 
minutes 
required to 
transport 
samples 
from ward to 
the 
laboratory) 

Off-site 
( two 
shifts: 
one in 
the 
mornin
g and 
one at 
lunch 
time) 

NA Expert opinion 
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Table O-4 Second-best fitting distribution and related parameters for each 
of the time-to-event parameters 

Time-to-event 
parameter 

Distribution 
used at 
baseline 

Second-
best fitting 
distribution 

Parameters for 
second-best fitting 
distributions 

S.5 (A) – LOS patients 
negative to CDI  

Weibull Exponential Rate = 0.03496115 

Mean = 28.6031781 

S.5 (B) – LOS patients 
positive to CDI (slow 
time-to-diagnosis)  

Weibull Exponential Rate = 0.0330033 

Mean = 30.3000003 

S.5 (C) – LOS patients 
positive to CDI (average 
time-to-diagnosis)  

Weibull  Exponential  Rate = 0.03717472 

Mean = 
26.90000086 

S.5 (D) – LOS patients 
positive to CDI (rapid 
time-to-diagnosis)  

Weibull  Exponential  Rate = 0.04310345 

Mean = 
23.19999907 

S.5 (E) – Duration of 
symptoms patients 
negative to CDI  

Weibull Gamma Alpha = 0.41780903 

Beta = 0.05934788 

S.5 (F) – Duration of 
symptoms patients 
positive to CDI  

Weibull Gamma Alpha = 0.4486443 

Beta = 0.0365449 

Table O-5 Details on the additional labour costs for each test part of the 
standard care strategy applied to scenario 6 

Testing 
strategy 

Additional 
labour costs 

Total costing 
estimate 
(including 
labour costs)  

Source Notes 

GDH EIA £5.66 £10.5 (267) Original estimate 

was inflated from 

2013 to 2021 

PCR £1.19 £28.09 (300) Original estimate 

was inflated from 

2011 to 2021 

CCNA £4.78 £8.52 (300) Original estimate 

was inflated from 

2011 to 2021 

Multiplex GI 

panel 

£1.19 £44.22 (300) Original estimate 

was inflated from 

2011 to 2021 
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O.2 Results 

Phase 2: Deterministic sensitivity analysis  

For analysis purposes, parameters were divided into the following clusters: 

• disease-related parameters – parameters relating to patient 

characteristics (e.g. prevalence of CDI and other GI pathogens), duration 

of symptoms, hospital LOS, treatment effectiveness at day 10 of antibiotic 

treatment, reproductive ratio, and health-related utility weights.  

• testing workflow parameters – parameters relating to diagnostic 

accuracy and time-to-diagnosis (e.g. time-to-obtain stool samples, time-

to-transport samples to the laboratory, operating time for each testing 

option). 

• costs 

The following sections report the results for the deterministic sensitivity analyses 

using estimates from the literature, and the +/- 25% and +/- 50% deviations from 

the baseline value, separately.  
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Phase 2 deterministic sensitivity analysis: +/- 25% deviation from the 
baseline value  

Table O-6 Secondary cases prevented, incremental QALY gains, 
incremental costs INMB and INMB range for HT over LTHT testing 
strategies compared to baseline results – sorted by lower and upper bound 
for each disease-related parameter using estimates from the literature and 
the +/- 25% deviation from the baseline value 

Parameter Bound

Secondary cases 

prevented

Incremental 

QALY gains Incremental costs

INMB at £20,000 

per QALY gained INMB Range

Baseline results NA 3.00 0.02 £410 £0 NA

Upper -13.10 0.57 -£734,620 £746,064

Lower 0.00 -0.13 £136,412 -£139,029

Upper 1.21 0.05 -£82,319 £83,343

Lower 3.24 0.02 £27,123 -£26,734

Upper 4.74 0.00 £40,459 -£40,526

Lower 0.61 0.06 -£54,569 £55,707

Upper -5.19 0.17 -£501,234 £504,583

Lower 10.30 -0.10 £453,357 -£455,274

Upper 3.41 0.02 £32,424 -£32,121

Lower 3.21 0.02 -£7,325 £7,694

Upper 7.74 -0.05 £348,284 -£349,372

Lower -1.40 0.09 -£315,210 £317,000

Upper 3.06 0.023 £1,574 -£1,118

Lower -0.51 0.078 -£198,857 £200,412

Upper 3.00 0.02 £394 £16

Lower 3.00 0.02 £449 -£38

Upper 3.06 -0.02 £10,659 -£11,079

Lower 2.07 0.11 -£46,581 £48,696

Upper 3.00 0.02 -£1,913 £2,378

Lower 3.00 0.02 £2,550 -£2,215

Upper 2.91 0.03 -£3,597 £4,233

Lower 3.89 -0.07 £50,182 -£51,623

Upper 5.6 -0.02 £78,358 -£78,779

Lower 1.5 0.04 -£41,016 £41,867

Upper 3.0 -0.01 £410 -£587

Lower 3.0 0.05 £410 £583

Upper 3.0 -0.01 £410 -£587

Lower 3.0 0.05 £410 £583

£55,856

£120,646

£1,170

£1,170

For each model parameter value, the number of secondary cases being prevented, incremental QALY gains, incremental costs and INMB is 

compared against the respective result at baseline. A green up arrow is associated with model parameter values which lead to model outcomes to be 

more clinically- and/or cost-effective than the respective results at baseline. A yellow bar is associated with model parameter values which lead to 

model outcomes equal to the respective results at baseline. A red down arrow is associated with model parameter values which lead to the model 

results to be less clinically- and/or cost-effective than the respective results at baseline. 

Decrement utility 

weight due to 

inappropriate 

antibiotics

Reproductive ratio 

for CDI

Utility weight for 

adult CDI patient

Probability of clinical 

cure - rapid 

diagnosis

£666,371

£201,530

£54

£59,775

£4,593

£885,093

£110,077

£96,233

£959,857

£39,815

Disease prevalence 

CDI

Disease prevalence 

other GI pathogens

LOS CDI negative 

patients

LOS CDI positive 

patients - slow 

diagnosis

LOS CDI positive 

patients - average 

diagnosis

LOS CDI positive 

patients - rapid 

diagnosis

Duration diarrhoea 

CDI negative 

patients

Duration diarrhoea 

CDI positive patients

Probability of clinical 

cure - slow diagnosis

Probability of clinical 

cure - average 

diagnosis
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Table O-7 Secondary cases prevented, incremental QALY gains, 
incremental costs INMB and INMB range for HT over LTHT testing 
strategies compared to baseline results – sorted by lower and upper bound 
for each testing workflow-related parameter using estimates from the 
literature and +/- 25% deviation from the baseline value 

Parameter Bound

Secondary cases 

prevented (n)

Incremental 

QALY gains

Incremental 

costs

INMB at £20,000 

per QALY gained Range

Baseline results NA 3 0.0205 £410 £0 NA

Upper 3.5 -0.02916 £12,461 -£13,045

Lower 2.3 0.044 -£20,882 £21,762

Upper 3.2 0.01556 £10,411 -£10,100

Lower 2.9 0.02051 £410 £0

Upper 3.1 0.01413 £4,688 -£4,406

Lower 2.7 0.03725 -£8,650 £9,395

Upper 3.1 0.01413 £4,688 -£4,406

Lower 2.5 0.03425 -£20,186 £20,871

Upper 3.5 0.0013 £16,597 -£16,571

Lower 2.5 0.03732 -£13,127 £13,873

Upper 3.1 0.01627 £5,810 -£5,485

Lower 2.2 0.03913 -£26,446 £27,229

Upper 3.8 0.01812 £10,705 -£10,343

Lower -8.9 0.21715 -£403,536 £407,879

Upper 8.0 -0.08884 £283,336 -£285,113

Lower 2.5 0.03715 -£30,480 £31,223

Upper 0.2 0.08451 -£87,243 £88,933

Lower 3.0 0.01905 £583 -£202

Upper 3.0 0.02051 £464 -£53

Lower 3.0 0.02051 £410 £0

Upper 2.9 0.11223 -£43,427 £45,671

Lower 3.8 -0.02011 £24,144 -£24,547

Upper 3.5 -0.62396 £1,080,617 -£1,093,096

Lower -2.7 0.15784 -£252,463 £255,620

For each model parameter value, the number of secondary cases being prevented, incremental QALY gains, incremental costs and INMB is 

compared against the respective result at baseline. A green up arrow is associated with model parameter values which lead to model 

outcomes to be more clinically- and/or cost-effective than the respective results at baseline. A yellow bar is associated with model parameter 

values which lead to model outcomes equal to the respective results at baseline. A red down arrow is associated with model parameter 

values which lead to the model results to be less clinically- and/or cost-effective than the respective results at baseline. 

£70,218

£1,348,716

£32,714

£418,222

£316,336

£89,135

£53

Multiplex GI 

panel operating 

time

CCNA specificity

Time to obtain 

stool samples

Time to transport 

sample to the 

laboratory

GDH EIA 

operating time

PCR operating 

time

CCNA operating 

time

£34,806

£10,100

£13,800

£25,276

£30,444

GDH EIA 

sensitivity

GDH EIA 

specificity

PCR sensitivity

PCR specificity

CCNA sensitivity
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Table O-8 Secondary cases prevented, incremental QALY gains, 
incremental costs INMB and INMB range for HT over LTHT testing 
strategies compared to baseline results – sorted by lower and upper bound 
for each cost parameter using estimates from the literature and the +/- 25% 
deviation from the baseline value 

Parameter Bound

Secondary cases 

prevented (n)

Incremental 

QALY gains

Incremental 

costs

INMB at £20,000 

per QALY gained

INMB at £20,000 

per QALY gained

Baseline results NA 3.00 0.02 £410 £0 NA

Upper 3.0 0.02 £42,149 -£41,739

Lower 3.0 0.02 -£40,547 £40,957

Upper 3.0 0.02 -£55,710 £56,120

Lower 3.0 0.02 £56,529 -£56,118

Upper 3.0 0.02 £316 £95

Lower 3.0 0.02 £505 -£95

Upper 3.0 0.02 -£71 £481

Lower 3.0 0.02 £891 -£481

Upper 3.0 0.02 £259 £151

Lower 3.0 0.02 £561 -£151

Upper 3.0 0.02 £410 £0

Lower 3.0 0.02 £410 £0

Upper 3.0 0.02 £21,331 -£20,921

Lower 3.0 0.02 -£20,511 £20,921

Upper 3.0 0.02 £3,263 -£2,853

Lower 3.0 0.02 -£2,078 £2,488

Multiplex GI 

panel cost per 

sample

For each model parameter value, the number of secondary cases being prevented, incremental QALY gains, incremental costs and INMB is 

compared against the respective result at baseline. A green up arrow is associated with model parameter values which lead to model 

outcomes to be more clinically- and/or cost-effective than the respective results at baseline. A yellow bar is associated with model parameter 

values which lead to model outcomes equal to the respective results at baseline. A red down arrow is associated with model parameter 

values which lead to the model results to be less clinically- and/or cost-effective than the respective results at baseline. 

£0

£41,842

£5,341

Additional cost 

per secondary 

case per day

Vancomycin cost

£82,696

£112,238

£189

£962

£303

Cost of bed day 

in adult isolation

Cost of bed day 

in general ward

GDH EIA cost per 

kit

PCR cost per run

CCNA cost
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Phase 2 deterministic sensitivity analysis: +/- 50% deviation from the baseline value  

Figure O-5 Tornado plot showing the results of the deterministic univariate sensitivity analysis for the most influential model 
parameters using estimates from the literature and the +/- 50% deviation from baseline values. Results are expressed in terms 
of INMB at £20,0000 per QALY gained. INMB at baseline is equal to £0 and reflects the cost-effectiveness output associated 
with the minimum performance specifications for HT at 15-minutes turnaround time 
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Table O-9 Secondary cases prevented, incremental QALY gains, incremental 
costs INMB and INMB range for HT over LTHT testing strategies compared to 
baseline results – sorted by lower and upper bound for each disease-related 
parameter using estimates from the literature and the +/- 50% deviation from 
the baseline value 

Parameter Bound

Secondary 

cases 

prevented

Incremental 

QALY gains

Incremental 

costs

INMB at 

£20,000 per 

QALY gained INMB Range

Baseline results NA 3.00 0.02 £410 £0 NA

Upper -30.46 1.34 -£1,419,974 £1,446,710

Lower 0.00 -0.13 £136,412 -£139,029

Upper -0.41 0.07 -£164,944 £166,414

Lower 3.24 0.02 £27,123 -£26,734

Upper 6.37 -0.03 £76,553 -£77,124

Lower -1.96 0.10 -£113,239 £115,201

Upper -12.77 0.30 -£990,546 £996,568

Lower 16.53 -0.20 £841,648 -£845,650

Upper 3.44 0.01 £47,612 -£47,329

Lower 2.70 0.03 -£37,698 £38,213

Upper 12.67 -0.19 £932,429 -£936,178

Lower -5.41 0.15 -£600,899 £603,949

Upper 3.00 0.027 -£5,678 £6,221

Lower 3.21 0.020 £8,722 -£8,320

Upper 3.00 0.02 £394 £16

Lower 3.00 0.02 £449 -£38

Upper 3.06 -0.02 £10,659 -£11,079

Lower 1.59 0.18 -£75,615 £79,248

Upper 2.89 0.02 -£1,913 £2,378

Lower 3.11 0.01 £9,075 -£8,912

Upper 2.91 0.03 -£3,597 £4,233

Lower 3.71 -0.14 £61,579 -£64,419

Upper 5.6 -0.02 £78,358 -£78,779

Lower 1.5 0.04 -£41,016 £41,867

Upper 3.0 -0.05 £410 -£1,444

Lower 3.0 0.09 £410 £1,444

Upper 3.0 -0.04 £410 -£1,166

Lower 3.0 0.08 £410 £1,166

Disease 

prevalence CDI
£1,585,739

Disease 

prevalence other 

GI pathogens

£193,148

LOS CDI negative 

patients
£192,325

LOS CDI positive 

patients - slow 

diagnosis

£1,842,218

LOS CDI positive 

patients - average 

diagnosis

£85,542

LOS CDI positive 

patients - rapid 

diagnosis

£1,540,127

Duration 

diarrhoea CDI 

negative patients

£14,541

Duration 

diarrhoea CDI 

positive patients

£54

Probability of 

clinical cure - 

slow diagnosis

£90,327

Probability of 

clinical cure - 

average diagnosis

£11,290

Probability of 

clinical cure - 

rapid diagnosis

£68,653

Reproductive 

ratio for CDI
£120,646

Utility weight for 

adult CDI patient
£2,887

Decrement utility 

weight due to 

inappropriate 

£2,333

For each model parameter value, the number of secondary cases being prevented, incremental QALY gains, incremental 

costs and INMB is compared against the respective result at baseline. A green up arrow is associated with model 

parameter values which lead to model outcomes to be more clinically- and/or cost-effective than the respective results at 

baseline. A yellow bar is associated with model parameter values which lead to model outcomes equal to the respective 

results at baseline. A red down arrow is associated with model parameter values which lead to the model results to be less  
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Table O-10 Secondary cases prevented, incremental QALY gains, incremental 
costs INMB and INMB range for HT over LTHT testing strategies compared to 
baseline results – sorted by lower and upper bound for each cost parameter using 
estimates from the literature and the +/- 50% deviation from the baseline value 

Parameter Bound

Secondary 

cases 

prevented (n)

Incremental 

QALY gains

Incremental 

costs

INMB at 

£20,000 per 

QALY gained

INMB at 

£20,000 per 

QALY gained

Baseline results NA 3.00 0.02 £410 £0 NA

Upper 3.0 0.02 £43,463 -£43,053

Lower 3.0 0.02 -£42,645 £43,055

Upper 3.0 0.02 -£111,827 £112,238

Lower 3.0 0.02 £112,644 -£112,233

Upper 3.0 0.02 £221 £189

Lower 3.0 0.02 £599 -£189

Upper 3.0 0.02 -£552 £962

Lower 3.0 0.02 £1,373 -£962

Upper 3.0 0.02 £108 £303

Lower 3.0 0.02 £713 -£303

Upper 3.0 0.02 £410 £0

Lower 3.0 0.02 £410 £0

Upper 3.0 0.02 £42,253 -£41,842

Lower 3.0 0.02 -£41,432 £41,842

Upper 3.0 0.02 £5,386 -£4,976

Lower 3.0 0.02 -£4,566 £4,976

Cost of bed 

day in adult 

isolation

£86,108

Cost of bed 

day in general 

ward

£224,471

GDH EIA cost 

per kit
£378

PCR cost per 

run
£1,925

CCNA cost £605

Multiplex GI 

panel cost per 

sample

£0

Additional cost 

per secondary 

case per day

£83,685

Vancomycin 

cost
£9,952

For each model parameter value, the number of secondary cases being prevented, incremental QALY gains, incremental 

costs and INMB is compared against the respective result at baseline. A green up arrow is associated with model 

parameter values which lead to model outcomes to be more clinically- and/or cost-effective than the respective results at 

baseline. A yellow bar is associated with model parameter values which lead to model outcomes equal to the respective 

results at baseline. A red down arrow is associated with model parameter values which lead to the model results to be 

less clinically- and/or cost-effective than the respective results at baseline.   
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O.3 Expected return of investment  

Table O-11 Calculations of expected return of investment for a 15-minute 
rapid test for CDI using a threshold price equal to £44 
 

UK District 
Hospital 

UK Teaching 
Hospital 

Source and notes 

Monthly average of stool 
samples tested (median) 

850 1430 COMBACTE-CDI 
survey 

Yearly average 10200 17160 COMBACTE-CDI 
survey 

Proportion of samples tested 
for CDI only 

3060 5148 COMBACTE-CDI 
survey - assuming 
30% proportion 

Total patients tested for CDI 
in the UK over a year (n) 

8208 
 

Portion of market Expected return 
using threshold 
price at 15-minute 
turnaround time 
(£44) 

10 Years 

10% £336115.2 £361,152 

20% £72230.4 £722,304 

30% £108345.6 £1,083,456 

40% £144460.8 £1,444,608 
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