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Executive summary

In 2023, over 8.2 million cases of tuberculosis (TB) were detected and notified to the World Health
Organization (WHO); nevertheless, an estimated 2.6 million people who developed TB in that year
were not detected (1). In light of this persistent gap in case detection and sustained high TB incidence,
systematic TB screening is an essential intervention to find and treat people with TB who are missed by
the health system, and thus reduce transmission and prevalence of TB. However, if TB screening is to be
implemented at the levels needed to significantly reduce the global TB burden, there is an urgent need
for new tools for TB screening that can be readily and rapidly deployed and brought to scale.

WHO first published target product profiles (TPPs) for a test to improve the early detection of TB in
2014. The goal was to spur the development of novel tools that could detect a significant proportion
of prevalent TB cases while also reducing the volume of individuals going on for diagnostic evaluation
with rapid molecular testing (2). In the decade since the first TPPs were released, there have been
significant and rapid advancements in screening technology, including mobile and even portable
digital radiographic equipment, alongside innovations driven by artificial intelligence (Al) in computer-
aided detection software, which can provide automated interpretation of chest X-ray for TB screening,
anywhere and at any time. These advancements, matched with the wider availability of molecular
diagnostic tests, have enabled impressive scaling up of screening in many high TB burden settings.

Despite the advances, important challenges remain in bringing screening to the scale needed to close
the case detection gap and reduce the TB burden globally. Foremost among these challenges are the
availability of screening tools with the low cost and high accuracy required to conduct screening in lower
prevalence populations, such as those encountered in community-based screening activities. There has
been a growing recognition that the burden of undiagnosed prevalent TB is larger than previously realized,
and that a substantial portion of TBiis likely to be asymptomatic (3), underscoring the need for community-
based screening activities using symptom-agnostic tools to substantially reduce the burden of TB. In
addition, better tools for differentiating TB from other pulmonary conditions to enable rapid diagnosis
and treatment are still needed for screening in health facilities and similar higher prevalence settings.

The process of updating these TPPs for screening tools was undertaken to bring the document in line
with the needs of end users and with the strategic priorities of WHO, including the End TB Strategy, which
promotes systematic screening as part of the first pillar of patient-centred care and prevention (4). This
updated TB screening TPP document was developed with input from a multidisciplinary expert advisory
group. The process included a Delphi-like consultation to achieve consensus, and guidance from many
stakeholders from various fields who provided feedback through an open public call for input. For the
updating, modelling was conducted to inform the expert discussions about the impact of test accuracy
on the performance of screening algorithms, and the resulting requirements for diagnostic testing and
associated programme costs.

Vii



A core update in this document is the inclusion of three distinct types of screening tools that may be
effective in implementing TB screening in different settings, prevalences and situations:

a high-sensitivity, high-specificity screening test that can be implemented as a single screening step
before referral for diagnostic testing or effective ruling out of TB;

a high-sensitivity screening test to be implemented as part of a two-step screening approach (i.e. in
combination with another screening test) before referral for diagnostic testing; and

a screening test with moderate sensitivity but high specificity, which can be deployed in settings and
situations that have limited access to health systems and cannot be reached by existing screening
tools, to improve case detection and access to care in underserved areas and populations.

The TPPs described in this document are intended to provide product- and technology-agnostic guidance,
and to encompass all possible approaches used for screening. Any newly developed technology that can
meet most or all of the product profile characteristics could be considered for use in screening, if proven
effective. It is hoped that these updated TPPs for novel TB screening tests can inform key stakeholders
in research and development, and spur further innovation in this key area for global TB care.
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1. Introduction

Despite being a preventable and curable infectious disease, tuberculosis (TB) has continued to elude
global control efforts. In 2023, 8.2 million people with TB were diagnosed and notified to the World Health
Organization (WHO), the highest number ever reported since WHO began tracking; yet these cases still
represent only three quarters of the estimated 10.8 million incident TB cases for that year (1). Given the
persistence of the global TB epidemic, and to achieve the targets of the End TB Strategy (2), there is an
urgent need to deploy strategies to improve case detection for people with TB globally, especially among
communities and populations with prevalent undetected TB, and groups or areas lacking adequate access
to care. One key strategy is systematic screening for TB disease. TB screening is a central component of the
first pillar of the End TB Strategy, aimed at ensuring early diagnosis for all people with TB (3, 4).

There are two primary objectives of screening for TB disease:

+ toensure that TB disease is detected early and treatment is initiated promptly among those at high
risk for TB, to improve health outcomes and reduce the risk of morbidity, mortality, and the adverse
social and economic consequences of TB; and

+ to reduce population prevalence of TB disease, thus reducing transmission of Mycobacterium
tuberculosis and averting future incident TB disease.

Additionally, TB screening can help to bolster TB case detection in areas where it is suboptimal, and
identify individuals eligible for TB preventive treatment (TPT) once TB disease is ruled out, thus further
minimizing incident TB.

Tests for TB screening are essential to implement screening interventions effectively and at scale.
The development of target product profiles (TPPs) for novel TB screening tests helps to ensure that
developers align with the needs of the global TB community when developing new products for the
next generation of TB screening tests and tools.

1.1 Objectives and target audience

WHO TPPs are strategic reference documents that are intended to facilitate and accelerate the
development of medical products and devices addressing the greatest and most urgent public health
needs. In terms of tests for TB screening, the overall objective of TPPs is to align developers’ performance
and operational characteristics with the needs of users.

The objective of this document is to inform test manufacturers, researchers and research funders about
the nature and significance of new tools for screening for TB disease and the relevant implications for
the development of new diagnostic technologies. This document defines key TPP specifications, such
as the target population, performance, operational characteristics and pricing. Any newly developed
technology that can meet most or all of the product profiles could be considered for screening use, if
proven accurate and advantageous. The TPPs described in this document are intended to be product-
and technology-agnostic, and to encompass all possible approaches used for screening. WHO will not



publish separate TPPs for specific screening technologies or products such as computer-aided detection
(CAD) software for chest X-ray (CXR) reading or C-reactive protein (CRP) assays.

The target audience for this TPP comprises test developers and manufacturers interested in entering the
TB screening test market, regulatory agencies, academia, research institutions, product development
partnerships, nongovernmental organizations (NGOs), civil society organizations and donors.

1.2 Background

Systematic screening for TB disease is defined as the systematic identification and evaluation of people
at risk for TB disease, in a predetermined target group, using tests, examinations or other procedures
that can be applied rapidly. Screening can be conducted in a single step or in multiple steps. A positive or
abnormalresult on a screening test indicates that the individual should undergo evaluation with a WHO-
recommended rapid diagnostic test (WRD) to confirm a diagnosis of TB, or to rule out the disease and
investigate alternate causes for the abnormal test result. A negative or normal result on a screening test
indicates that TB disease can effectively be ruled out and the individual can be referred for TPT if eligible.

To achieve the primary objectives of screening, including protecting individuals at high risk and reducing
community burden of disease, a screening test must be able to:

- distinguish individuals who have a higher likelihood of having TB (and who should thus go on to
further diagnostic testing) from those who are unlikely to have TB; and

+ ensure an adequate pretest probability of TB among people being referred for confirmatory testing.*

Confirmatory tests typically cost more than screening tests; hence, a screening step is needed to identify
who should undergo further diagnostic testing, to ensure prudent use of resources.

TB screening has fallen into and out of favour globally over the past century. For much of the early 20th
century, in many high-resource countries where TB was still a leading cause of death, mass community-
wide screening using CXR was routinely conducted (5, 6). Many of these mass screening campaigns
were successful at detecting a large number of people with prevalent TB, and some found a substantial
reduction of community TB prevalence in follow-up activities (7). Later in that century, once TB was no
longer a major cause of death in western countries, interest in screening waned and mass TB screening
campaigns were discontinued in much of the world; however, some countries in Eastern Europe
continued population-wide TB screening (8).

Since the early 2000s, interest in screening has been renewed, with a particular emphasis on protection
and care for the most vulnerable groups. Screening for TB in groups at highest risk was first emphasized
in 2011, with WHO recommendations for screening people living with HIV; this was followed in 2012
by recommendations for screening of close contacts of people with TB, and in 2013 by consolidated
guidance for screening of high-risk groups (9-11). Around that time, more sensitive and decentralizable
diagnostic tools became available, with the advent of automated nucleic acid tests for TB (12).

One factor that has driven interest in more broad-scale screening is the revelation of the magnitude of
prevalent, undetected TB;in particular, the fact that a substantial portion of such TB is asymptomatic (13).
National TB prevalence surveys over recent years have consistently found that about half of prevalent TB
detected in the community is bacteriologically confirmed among people who do not report symptoms
of TB disease (14). Asymptomatic TB is a substantial challenge to a system of care based on passive case
detection, and it requires a more active case-finding approach (15). Recognition of the contribution of

! Diagnostic tests are typically performed among a population of individuals who are ill and seeking care, and their performance
and the interpretation of the results are designed for a population with a higher pretest probability of TB than the overall
screening population.
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asymptomatic TB to the overall TB burden also highlights the urgent need for better tools for screening
for TB disease that are not based on symptom status (16).

Therapid advancement of technology in recent years has brought about great innovations in TB screening,
including digital radiography with mobile and portable options, and CAD software programmes for
automated interpretation of CXR imaging for TB screening (17). Artificial intelligence (Al) holds enormous
promise for continuing and accelerating the development of new tools and technologies for TB screening.
Alongside this, developments in TB diagnostics have greatly expanded the available options to test
people who screen positive.

This document is designed to help ensure efficient and effective progress in developing the next
generation of TB screening tools.

1.3 WHO guidance on systematic TB screening and its implementation

The current WHO guidance recommends screening for TB among high-risk groups and in targeted
geographies or communities with higher risk of TB, in both facility-based and community-based
screening interventions. Screening is strongly recommended for four risk groups who are at highest
risk of TB and of poor outcomes from the disease: household and close contacts of TB patients, people
living with HIV, prisoners and those who reside or work in penitentiary institutions, and miners with silica
exposure. Screening is also strongly recommended for children who are contacts of TB patients or living
with HIV. For these risk groups, screening is recommended across all global settings (18).

Screening is conditionally recommended in facilities and health care settings among people seeking
care who have risk factors for TB, in areas with a TB prevalence of 0.1% or higher, and among people
with fibrotic lesions identified on CXR. Community-based screening is recommended in the general
population in areas with a very high TB prevalence (20.5%) or among specific populations with a high
risk of TB and limited access to health care; examples of such populations are urban poor communities,
homeless populations, remote or isolated communities, indigenous populations, migrants, refugees
and internally displaced populations (18).

Currently, WHO recommends various tools for screening. Symptoms can be used for screening in any
population; however, there are limitations in accuracy, and the ability to detect asymptomatic TB is
lacking. CXR can be used to screen most populations and has the best demonstrated sensitivity of
available screening tools. CAD software for automated interpretation of CXR imaging can be used
alongside CXR for screening all adults aged 15 years and older; such software greatly increases the ability
toimplement screening at scale globally, given the limited availability of radiologists or even physicians
in many settings. Molecular WHO-recommended rapid diagnostic tests for TB are also recommended
for screening all adults, and CRP can be used to screen adults living with HIV (18).

The different populations targeted for screening require very different modalities for screening tools.
Facility-based screening can use stationary laboratory and imaging equipment, such as stationary CXR
or quantitative CRP assays; in contrast, community-based or household-based screening requires mobile
or portable devices that can be implemented in various conditions (19). Portable radiology equipment
combined with CAD software has enabled the implementation of screening to a broader extent than
has previously been achieved; however, the ability to scale up community-based screening to the most
hard-to-reach areas and to adequate coverage levels is still limited by a lack of tools that can be easily
transported and implemented across all possible settings and environments.

In addition, some populations that require screening to improve case detection are particularly challenging
to diagnose (e.g. people living with HIV or children at high risk of TB). The detection of childhood TB is
an important global health need; hence, a test that improves the quality of diagnosis and overall case
detection in children will have significant benefits for TB programmes. Therefore, manufacturers should
try to expand their initial validation studies and include children, wherever possible.
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2. Methodology

In line with WHO methodology for development of TPPs, the update of the WHO TPPs for novel screening
tests followed a consultative process that included a multidisciplinary group of experts and input from
a wide range of stakeholders. The revised TPPs underwent a Delphi-like consultation and subsequent
revision following several rounds of feedback and consultations. The draft TPPs were also made available
for public comment on the WHO website before being finalized through a consultation that incorporated
all the feedback gathered throughout the process.

2.1 Previous WHO TPP values for TB screening

Previous TPP values applied for TB screening were based on the desired accuracy of a point of care triage
test, as published by WHO in 2014 (3). Since then, there has been a significant expansion of interest in
broader TB screening interventions, targeting larger populations with lower TB prevalences. The release
in 2021 of the updated WHO guidelines on systematic TB screening expanded the recommendation for
community-wide screening from 1% prevalence settings to 0.5% prevalence settings, based on evidence
of reduction of prevalence and transmission (18, 20). Beyond research, several countries are undertaking
much larger scale community-based screening initiatives as part of efforts to reach the End TB Strategy
targets of reducing TB incidence by 90% by 2030, and the United Nations high-level meeting targets
of detecting and treating 90% of people with TB by 2027 (21). Examples of such initiatives include the
Community Awareness, Screening, Testing, Prevention and Treatment for TB (CAST-TB) campaign of
community-wide education and screening activities in high TB burden communities in Uganda, and the
Double X screening campaign that combines CXR screening and Xpert® MTB/RIF Ultra testing of people
with TB risk factors in Viet Nam (2, 16).

Therefore, the focus of the current document has expanded to include more emphasis on effective
community-based screening at larger scale in lower TB prevalence settings and populations. This
necessitates the development of new screening tools and technologies that can enable such community-
based screening interventions in a cost-effective and scalable way, while maintaining high accuracy to
minimize the risk of overdiagnosis. This expansion of scope does not lessen the importance of developing
new tools that can effectively be used to screen populations in poorer health and with a relatively higher
TB prevalence, often within health facilities or among people seeking care. The screening of populations
and risk groups in health facilities is an essential component of the WHO screening recommendations.
For this updated document, the term “triage” has been replaced with “screening”, given that both
represent a screening intervention targeted to a specific risk group. The distinction lies only in the
population being screened, whether it be a community-based population of largely healthy individuals
with low TB prevalence, or a facility-based group of people either in hospital or seeking care, in settings
with a higher prevalence of TB.



2.2 Establishment of the Scientific TPP Development Group

A Scientific TPP Development Group was established for this update of the TPP for screening tests,
alongside a process of updating the TPPs for diagnostic tests for TB (22). The group comprised experts
from high and low TB burden settings, with experience in microbiology, mycobacteriology, molecular
biology, health systems, pricing, procurement and regulation of medical devices. The group also had
balanced geographical and gender representation, and included infectious disease specialists and
scientists or researchers with a strong background and experience in TB diagnostics. In addition,
to ensure that the perspectives and needs of TB patients and their communities were considered,
representatives from civil society organizations participated in the process.

All members of the Scientific TPP Development Group participated in their individual capacity (i.e. they
did not represent any external entity, authority or government). In compliance with the WHO standard
procedures for declaration and assessment of interests, all members of the group were required to
disclose any financial interests, relationships or activities that may be perceived as influencing their
objectivity or decision-making in the context of the present work. All members therefore completed a
WHO declaration of interest form and underwent an online background assessment to identify relevant
matters that could give rise to a real or perceived conflict of interest, and that may have gone unnoticed
or not reported during earlier assessments. Additionally, all experts were instructed to notify WHO of
any change in relevant interests during the process. No significant conflicts of interest were noted for
any of the members of the Scientific TPP Development Group.

2.3 Guiding principles for the development of TPPs for TB screening

An ideal screening test is one that is easy to conduct; does not require invasive sampling, extensive
training or resources; and has a short turnaround time to enable rapid clinical decision-making. Tools for
TB screening have traditionally had an emphasis on high sensitivity for detecting TB, the goal being to
maximize TB case detection. There has been less focus on specificity, given that a positive screening test
is usually followed by a diagnostic evaluation and further testing to either confirm or rule out a diagnosis.
However, the challenges of implementing screening with a high-sensitivity, low-specificity test include
the testing burden and associated expenses of conducting confirmatory tests for all who screen positive.
These challenges compound as screening is expanded and implemented in lower prevalence settings.
Therefore, for the purposes of this updated TPP, tests with a wide range of performance characteristics
were explored for their potential utility in screening.

Accuracy for TB screening tools has typically been evaluated against a microbiological reference
standard, to determine the tools’ performance in detecting bacteriologically confirmed TB. However,
a composite reference standard incorporating unconfirmed diagnosis may sometimes be appropriate,
for example, when considering:

- screening of populations in which obtaining a bacteriological confirmation is difficult and a diagnosis
is often established by clinical evaluation (e.g. children or people living with HIV); or

+ the accuracy of screening tests being conducted in a population that often cannot produce a sputum
sample required for laboratory testing, such as screening in a healthy population with a very low
burden of TB and other lung conditions.

Above all, a screening test must be affordable and scalable, to enable implementation of screening
interventions at the scale required to reduce the population level prevalence and transmission of TB in
high-burden areas. Such characteristics could be achieved by screening activities using tests that have a
small per-test cost and little to no equipment or capital investments. Tests that require more centralized
equipment for processing would need to achieve low per-test costs and implementation requirements
overall, taking into account expenses for transportation of samples and transmission of results.
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2.4 Screening algorithms

Screening tests are not performed in isolation; they are conducted in algorithmic combination, sometimes
with other screening tests and always concluding with diagnostic testing. The ideal would be to have a
single screening step before referral for diagnosis, but sometimes multiple screening steps are required
to achieve the defined objectives of screening in very low prevalence settings. Multiple screening tests
conducted in parallel result in a screening step with higher sensitivity and lower specificity than any
single test on its own. Multiple screening tests conducted serially, with a positive or abnormal result
on a first screening test leading to a subsequent screening step before diagnostic confirmation, can
greatly reduce the overall volume of people referred for diagnostic evaluation, though with some loss
to sensitivity. Screening based on symptoms or signs of TB should NOT be an initial step in such an
algorithm, because individuals with signs or symptoms of TB should always go directly to diagnostic
evaluation without further screening (23). Additional screening algorithm options are described in the
“WHO operational handbook on tuberculosis: module 2: screening: systematic screening for tuberculosis
disease” (19).

In this TPP document, the performance of novel screening tests was considered within a screening
algorithm, and the performance of the algorithm as a whole was modelled. Both a single screening test
algorithm and a two-step positive sequential algorithm were modelled. Although there was no explicit
modelling of parallel or negative sequential screening algorithms, the performance of either of these
algorithms can be represented by a single screening step algorithm, with the combined accuracy of two
tests performed in parallel or negative sequential succession.

2.5 Modelling of required accuracy of screening tests

For the performance aspect of this screening TPP document, modelling was conducted to determine
what levels of accuracy (i.e. sensitivity and specificity) are required from a screening test to achieve the
objectives of screening. The parameters required of a screening test and algorithm were set as follows:

+ The screening algorithm as a whole - comprising one or more screening tests and a diagnostic
evaluation - should detect at least 60% of the prevalent TB cases in the population being screened
(for one option, an exception was made and a 50% minimal case detection was considered).

+ Thescreening test or tests should result in a post-screen prevalence of TB of 5% among the population
that has screened positive and is being referred for diagnostic testing. This is representative of the
pretest probability of TB for which diagnostic tests for TB have been evaluated; thus, it ensures that
the results of the diagnostic tests can be interpreted as intended.

- The initial prevalence of TB in the population being screened should be representative of the
populations in which TB screening is currently recommended and in which screening needs to be
scaled up globally. Given the current WHO recommendations for screening and the need for tools
that can enable broader scale screening in lower prevalence settings, the minimum requirements
were set for tools that can achieve the above parameters in populations with a TB prevalence down
to 1%, and the optimal requirements were set to a prevalence of 0.25%.

Modelling was conducted to assess the required accuracy for novel TB screening tools by fixing one
parameter of accuracy and estimating the requirements in the other parameter (i.e. fixing sensitivity
and estimating specificity, or vice versa) to achieve the above targets for case detection and post-
screen prevalence. Novel screening tests were modelled as part of a single step or sequential algorithm,
implemented in various TB prevalence settings ranging from 1% down to 0.1%.
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2.6 Profiles of screening tests

The results of the modelling performed to inform this updated TPP document illustrated the challenges
inherent in screening very low prevalence settings; they also highlighted a range of different screening
approaches that could achieve the required parameters of the model in most settings. No hypothetical
test in the model could achieve the required parameters for screening in a single or two-step serial
algorithm in settings with a 0.1% prevalence. In settings with a prevalence of TB of 0.25% or higher,
three possible approaches to screening emerged that achieved the requisite screening parameters.
These approaches correspond to three different profiles of possible novel screening tests (see Fig. 2.1):

- A high-sensitivity, high-specificity screening test as a single screening test: Such a test could be
implemented as a single screening test algorithm and would result in the highest case detection from
all scenarios presented here; however, it has the highest requirements for accuracy.

- A high-sensitivity screening test in a two-step screening algorithm: Such a test would lessen
the requirement for specificity by employing a second screening test; however, the accompanying
complexity and costs would need to be taken into account.

- A high-specificity screening test (with moderate sensitivity) as a single screening test: Such a
test can achieve most of the required parameters for screening in a single screening step but would
have lower case detection than the high-sensitivity screening approaches. However, such a novel
screening test would only have value over currently available screening tools if it were low cost, easily
implementable in a wide variety of environmental conditions and contexts, and able to be brought to
scale to improve case detection in areas that are not currently well served. This would improve the
standard of care for these populations.
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Fig. 2.1. Performance of three screening test types, conducted among a hypothetical
population of 1000 people with a TB prevalence of 1%, within an algorithm that raises the
prevalence of TB in the population being screened to at least 5% among individuals being
referred for diagnostic evaluation, and detects at least 50-60% of prevalent TB in the
population. In the figure, each person is represented by a dot; green dots represent
individuals without TB and red dots represent individuals with TB

Test type 1: High-sensitivity, high-specificity screening test

% of overall population 100% 20% 1.2%

% of individuals with TB - 100% 90% 80%
Population to be screened Screened population going People diagnosed

for diagnostic evaluation with TB

Iy ) )
Novel Diagnostic

Screening evaluation
test

Test type 2: High sensitivity screening test followed by a second screening test

% of overall population 100% 40% 12.5% 0.9%
% of individuals with TB - 100% 3 90% 2% 60%
Population to be screened Population Screened population People
going or second going for diagnostic diagnosed
screening test evaluation with TB

Novel ~  ceeecccccccessescese Second Diagnostic
Screening screening test evaluation
test (e.g. CXR)

Test type 3: Moderate-sensitivity, high-specificity screening test

% of overall population 100% 2.5% 0.6%
% of individuals with TB 100% 60% 50%
Population to be screened Screened population going People diagnosed
for diagnostic evaluation with TB

@

Novel Diagnostic
Screening evaluation
test

CXR: chest X-ray; TB: tuberculosis.
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2.7 Delphi-like process

After initial discussions, an early draft TPP document with modelling results was prepared and discussed
among the Scientific TPP Development Group on 2 September 2023. From October to November 2023,
a Delphi-like survey was conducted within the Scientific TPP Development Group. For this process, one
round of survey was conducted and the definition of consensus used was 80% agreement. Participants
were asked to express their level of agreement on the proposed characteristics according to a predefined
Likert scale ranging from 1 to 5 (1: disagree, 2: mostly disagree, 3: neither agree nor disagree, 4: mostly
agree and 5: strongly agree). An 80% cut-off was set as the threshold to indicate agreement with the
parameters outlined in the TPP during the Delphi-like process. Participants were also asked to provide
comments in support of their score (particularly when they did not agree and scored a characteristic at
3 or lower). For characteristics where the consensus was less than 80%, qualitative comments from the
group were collated and analysed to further refine the document.

Overall, the outcomes of the Delphi-like process showed a high level of agreement for most of the
attributes described in this TPP, with some areas being resolved through discussion leading to consensus.

2.8 Public consultation and comment process

Adraft TPP document including the results of the Delphi-like survey and resulting updates was shared
online for public commentary through the WHO Dataform system from 31 January 2024 to 29 February
2024. The intended audience for the document included TB programme managers, laboratory specialists,
clinical practitioners, implementers, researchers, representatives of civil society organizations and
industry, and patient advocates. Comments were analysed and incorporated into the final draft TPP
document. Results of the public comment process are provided in Annex 1.

2.9 Scientific TPP Development Group final consultation

A final consultation of the Scientific TPP Development Group was held on 4-6 March 2024. Feedback
received through the online public comment process and the outcomes of the Delphi-like consultation
were presented during the consultation for each characteristic of the TPP. The discussions involved a
detailed analysis of public feedback and proposed revisions. This inclusive approach fostered information
sharing, facilitated the exchange of perspectives and allowed for clarification of various aspects; overall,
it ensured a comprehensive and well-informed decision-making process. Changes and suggestions
made during the stakeholder consultation were incorporated into the final TPPs presented in Section 3.
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3. Target product profiles

Table 3.1 shows the minimal and optimal characteristics of novel tests for screening for TB. It is expected
that potential screening products would meet all of the required minimum criteria of the “TPP for TB
screening tools”, and as many of the optimal requirements as possible. However, potential trade-offs
on performance, cost, impact and operational characteristics would need to be considered for WHO
policy; thus, the criteria are indicative rather than absolute.

Table 3.1. Minimal and optimal characteristics of novel tests for screening for TB

Characteristic
Scope

Intended use

Minimal

Optimal

To provide characteristics for a test that
can help identify people:

« presumed to have TB who require further

active TB diagnostic evaluation; and

« unlikely to have TB and in whom the test
can effectively rule out TB disease.

Explanatory notes

Systematic TB screening is intended to be conducted
among populations at risk of TB, irrespective of
symptom status or clinical presentation, to identify
individuals with presumptive TB. The goal of
screening as described here is primarily to detect
pulmonary TB.

It is important to note that individuals presenting with
signs or symptoms of TB should proceed directly to
diagnostic evaluation using a WRD.

Target population

Populations and
groups at risk of
TB, down to 1% TB
prevalence.

Populations and
groups at risk of TB,
down to 0.25% TB
prevalence.

Values shown here reflect the results of modelling
that informed the development of this TPP. The target
populations here for minimal and optimal use cases
reflect different scenarios in which screening may be
conducted. The minimal test described here would be
better suited for screening populations at higher risk
(e.g. contacts) or facility-based screening, where TB
prevalence tends to be higher; in contrast, the optimal
test would be better suited for broad screening in
communities and populations with lower risk.

Screening is increasingly being implemented in lower
TB prevalence settings, but the implementation

is hindered by the performance of current tools.
Manufacturers should endeavour to make tools that
can perform more effectively in lower TB prevalence
settings, described in the optimal use case here.

Manufacturers should also aim to develop new
screening tests that can be effective for screening
among populations in whom existing screening tests
do not perform as effectively, including among people
living with HIV, pregnant women and paediatric
populations of different age ranges.




Characteristic Minimal Optimal

Intended user of Health care worker

Laypeople or

Explanatory notes

Community health workers are an important target

test or technician with caregivers with user group for future screening tests, given the
some trainingin minimal to importance of community-based screening.
conducting TB no training or
screening tests. instruction required

(caninclude
self-testing).

Setting Tests that can be performed in community  Tests that can be conducted in community settings
settings, at health facilities with basic may also include self-tests that can easily be donein a
infrastructure (including electricity and household setting. For self-testing, it is critical that the
water) and in household settings. test manufacturers also think about linkage to care, so

that people can easily follow the care cascade.

Where the screening test involves multiple steps

(e.g. sample collection, processing and testing at a
centralized facility), it is imperative that the first step
in the workflow be simple and easy enough that it can
be done in community settings as described.

Performance

Test accuracy

Test accuracy characteristics are described

for three distinct types of screening
tests, corresponding to three possible

approaches to screening, which

the required parameters of 5% post-screen

achieve

TB prevalence and 60% detection? of all

prevalent TB:

« ahigh-sensitivity, high-specificity
screening test as a single screening test;

+ ahigh-sensitivity screening test in a two-

step screening algorithm; and

« ahigh-specificity screening test as a

single screening test.

Test type Minimal  Optimal
accuracy® accuracy*
High- 90% 95%
sensitivity, sensitivity  sensitivity
high* 80% 95%
SasalitEisy specificity  specificit
screening test P Y sP y
High- 90% 95%
sensitivity sensitivity  sensitivity
screening test 60% 85%
specificity  specificity
High- 60% 70%
specificity sensitivity  sensitivity
screening test 98% 98%
specificity  specificity

20ne screening approach does

not meet

this level of CDR, as explained below.

bAchieves the defined parameters in

settings down to 1% prevalence, except
for the high-specificity approach, which
achieves 50% CDR rather than 60% CDR

for minimal values.

c¢Achieves the defined parameters in
settings down to 0.25% prevalence.
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Each of these screening approaches, with its
associated screening test type, emerged from the
modelling as an acceptable approach to achieve the
required parameters of screening.

A one-step screening approach using a high-sensitivity
and high-specificity screening test would result in

the highest case detection from all of the scenarios
presented here - it would be the most straightforward
algorithm to implement but has the highest
requirements for accuracy.

A high-sensitivity, two-step screening approach
lessens the requirement for specificity by employing
a second (different) screening test. A novel test that
is decentralized and scalable, even if not highly
specific, would provide added value in such a
screening scenario. The accuracy estimates provided
for this approach are for one test in the algorithm.

To model the performance of this approach, an
exemplary additional screening test was used based
on the estimated accuracy of CXR as a screening tool
performed as a second screening test on a population
pre-screened for symptoms (85% sensitivity and
70% specificity) (24-27). The order of the two tests

in the screening algorithm does not impact the
accuracy of the algorithm as a whole, but does
impact costs. It is important that screening based

on symptoms or signs of TB should NOT be an initial
step in such an algorithm, because individuals with
signs or symptoms of TB should always go directly to
diagnostic evaluation without further screening (23).

A high-specificity screening test with lower sensitivity
will have a lower case detection capacity overall and
a high false negative rate. However, such a test can
still have programmatic utility if it is affordable and
easy to implement, with a possibility of achieving
high population coverage, especially among hard-to-
reach groups and areas that are not easily reached
with current technology and health programmes. This
approach did not achieve all the parameters desired,
because in the minimal requirement space, the high-
specificity test achieves only 50% CDR.



Characteristic

Minimal

Optimal

Explanatory notes

Screening tests should be evaluated against the

best possible objective reference standard of TB
status available; currently, in most cases this is

a microbiological reference standard. Where a
microbiological reference standard is not available or
not optimal (e.g. in paediatric populations or people
who cannot produce the necessary clinical specimen),
an appropriate composite reference standard could be
used, combining bacteriological testing with clinical
and histological findings. In screening populations,
many people will not be able to produce a sputum
sample, which limits the ability to confirm the disease
status.

<USS1

The costs described here include the total cost

per test, including ancillary costs (e.g. capital,
consumables, equipment and maintenance costs of
an instrument-based test) and excluding any shipping
and import.

Ideally, a new test should be priced according to the
cost of goods and estimated volumes, and should
include a reasonable profit margin. Ensuring access
to tests while maintaining business interests can

Pricing

Pricing of individual test (reagent costs only, at scale and ex-works)
Cost per test

High-accuracy <US$ 3

test (1 step)

High-sensitivity <US$ 2

test (2 step)

High-specificity <US$2

test

Operational characteristics

Sample or
specimen type

Requires easy-to-
obtain samples,
including non-
physical samples
such asimaging and
sound.

Does not require a
physical sample, or
requires an easy-to-
obtain sample that
is self-collectible.

be achieved through fair pricing, which requires
transparency about the cost of goods and estimated
volumes, and a reasonable profit margin.

The price of a test affects access and requires due
consideration. It may be acceptable to have a

more expensive screening test or a combination of
tests if this improves overall accuracy, especially
specificity, and thus reduces the volume of
subsequent diagnostic testing required. However, a
test may be considered unaffordable for some health
programmes, even if studies have shown it to be cost
effective.

Easy-to-obtain samples include urine, tongue or oral
swabs, saliva, exhaled breath and capillary blood.
Non-physical samples such as CXR images and sounds
are also included in this category.

Manual Minimal manual No manual -
preparation of preparation at the preparation,
samples site of collection, strict timing or
without strict timing measurements.
or measurements.
Instrument Portable or mobile  Noinstrumentation Ideally, if an instrument is needed, a single device is

device that has
an option of
using battery
or solar power
for POC settings
or a centralized
instrument with
highly efficient
batch testing of
samples.

required.

preferred but modular solutions would be acceptable
(e.g. for separate sample processing and detection).

For centralized testing, samples should be easy to
collect onsite from remote settings and then easy to
transport to a centralized facility with efficient batch
testing.
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Characteristic

Time to result

Minimal

<30 minutes

Optimal

<5 minutes

Explanatory notes

Time to result refers to the time from conducting

the test, including sample processing, to receiving

the final results. Time to result is closely linked to
throughput; ideally, a novel screening test would have
very low time to result, whereas a longer time to result
would need to engage batching to maintain high
throughput capacity. If the test is instrument-based,

it should allow for multiple samples to be tested at
the same time. If the test is not instrument-based, the
testing time should be short enough to accommodate
the screening of a large number of people.

Power
requirements

Standard operating
currents with built-
in UPS for use in
locations with
variable power.

Can run on battery
or solar power,

or requires no
power supply

(if no instrument is
involved).

Maintenance and

Preventive

Maintenance not

The frequency of preventive maintenance

calibration maintenance and needed. Self or and calibration will be determined based on
calibration after remote calibration.  a combination of usage patterns, throughput,
1 year or >20 000 environmental factors and risk assessment findings.
tests (whichever Units used more frequently may require more
comes first); include frequent maintenance and calibration to ensure
maintenance alert. consistent performance. Manufacturers should
develop robust instruments or devices, considering
that screening tests are intended to be conducted
in large volumes, and that frequent preventive
maintenance for the instrument might make uptake
and implementation more onerous.
Training and 1 day for staff with Minimal trainingor  If a test involves specialized equipment or machinery,
education the skills to perform  education. additional training time will be required to gain

other health-related
procedures.

proficiency.

For self-screening or where a user has no previous
training on conducting any health-related procedures,
a short, self-explanatory quick reference guide on
performing the test should be sufficient.

Documentation
and display of
results data

Digital readouts

to display test
details, including
results. Ability to
save results should
be included, and
results should be
exportableina
standard format
(e.g. XML or CSV)

to a third-party
instrument (e.g. via
USB) or connectivity
software.

An instrument-
free test with visual
readouts (e.g. for
barcodes) on a test
device to digitally
record and report
data.

Transmission of
result data to the
staff conducting
screening should be
digitized to enhance
efficiency and
linkage to care.

Data storage

The administrative institution (MoH or
NTP) managing sites where tests are
deployed should be able to specify or
agree with the storage location of the test
data without affecting the support and
optimal use of the test.

Data governance policies (e.g. that ensure privacy
protection, de-identification and anonymization) of
test manufacturers and administrative institutions
should align.

Data ownership

Test data, their management and
ownership must comply with local

regulations.
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Characteristic Minimal Optimal

Security and To facilitate use by health programmes
privacy in accordance with the laws, regulations
and policies in their settings and with
best practices, the test should provide
configurable features so that personal data
can be:

gathered with transparency for users
and people who are taking the tests,
including consent;

collected and processed only for
purposes compatible with the health
programme’s purposes;

limited to what is relevant and
necessary;

collected accurately;

stored in an identifiable form no longer
than necessary; and

secured for integrity and confidentiality,
with encryption at rest and in
transmission.

Explanatory notes

Tests should adhere to internationally recognized
standards for security of sensitive information. The
bullet points are adapted from Article 5, Section 1
of the European Union General Data Protection
Regulation (28).

Regulatory Design, development and manufacturing

requirements of the assay and system should comply
with 1SO 13485 and I1SO 14971 or higher
standards or regulations, and comply
with ISO IEC 62304. The manufacturing
facility should be assessed at a high-
risk classification and certified for use by
one of the regulatory authorities of the
founding members of the International
Medical Device Regulators Forum (formerly
known as the Global Harmonization Task
Force).

If applicable, the test must be registered
for in vitro diagnostic use.

For non in vitro diagnostic tests,
appropriate regulatory requirements
should be followed.

See the following ISO publications:

IEC 62304:2006 Medical device software - software life
cycle processes (29)

1SO 13485:2016 Medical devices - quality management
systems (30)

I1SO 14971:2019 Medical devices - application of risk
management to medical devices (31)

Language support For each country Same as minimal
in which the plus additional
test is deployed, languages that

instructions should  enable use by

be providedinone  additional residents
popular language;  of the location of
for example, the deployment.
official language or

de facto national

language, and any

language mandated

by local regulatory

or trade compliance

requirements.

The instructions for use and screen instructions

(if applicable) should also adhere to these language
requirements. Including more languages will make
a test more usable and acceptable. In designing
tests, manufacturers should cater to the varying
populations and different regional languages for the
locations where the test is intended to be used.
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Characteristic Minimal Optimal

Operating Between 5°C and Between 5°C and
50 °C with up to
90% humidity.

temperature, 40 °C with up to
humidity level 70% humidity.
and storage

Explanatory notes

Countries where TB is endemic often have high
environmental temperatures, dust, high humidity

and flooding. Manufacturers should take this into
consideration and carefully design the tests, keeping
in mind the operating temperatures, environmental
conditions and humidity levels that may be found in
the intended settings. These considerations also apply
to reagent storage and shelf life.

Environmental Tests and any associated instruments
impact should minimize adverse impact on the

environment; for example, by:

+ having the potential to be produced

locally;

+ minimizing waste;

» maximizing the reusability and recycling

of by-products;

« creating multi-use platforms;

« providing for recycling of instruments at

the end of their life; and

« having low power consumption and

radiation emissions.

Manufacturers should provide clear and
environmentally friendly guidance on disposal of used
products and there should be no disposal of toxic
waste.

CDR: case detection rate; CSV: comma-separated values; CXR: chest X-ray; HIV: human immunodeficiency virus; MoH: ministry
of health; NTP: national TB programme; POC: point of care; TB: tuberculosis; TPP: target product profile; UPS: uninterruptible
power supply; USB: universal serial bus; WHO: World Health Organization; WRD: WHO-recommended rapid diagnostic test;

XML: extensible markup language.
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4, Other considerations

The TPPs presented here include the attributes that are considered essential for future tests for screening;
that s, target population, target user of the test, setting, cost, accuracy and operational characteristics.
It may be difficult for a single test to satisfy all of these characteristics. Thus, manufacturers may have to
consider trade-offs, whereby a novel test has some clear advantages that may offset other downsides.
For example, the benefits of a portable technology with a shorter time to result that can reach a larger
population may come at the expense of lower specificity. Likewise, a more expensive test may be
justified if it brings substantial added value in terms of improved performance and better suitability for
decentralization, and if it reduces the need for confirmatory tests or other operational costs.

For an infectious condition such as TB, with a large global burden of disease and death and a persistent
shortfall in case detection, the potential impact of a new screening technology will depend heavily on
operational factors that also influence a screening test’s ability to fulfil its role (i.e. to identify more
people who require further diagnostic work-up accurately and decrease their time to starting treatment).
Although the TPPs indicate the attributes to be considered at the developmental stage of the test,
these should not be dissociated from the factors to be considered at the implementation stage in the
framework of overall TB-oriented activities within a programme, such as the optimal positioning of
the test when scaling it up, the need to back it up with appropriate capacity to confirm or exclude a TB
diagnosis, the provision of appropriate treatment for TB and comorbidities, and sustained infection
control activities.
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5. Conclusion

Current WHO recommendations on tools to use for TB screening are an important step for countries as
they move towards the global targets for case-finding. However, by themselves, these recommendations
will be insufficient to fully achieve the targets and bridge the gap in TB treatment coverage. Technologies
that are intended for use at the level of the community or primary health care, and for which it is easy
to collect biological samples, are likely to be critical going forward. WHO is issuing these TPPs to guide
and encourage product development for new screening tools in these settings.

The pursuit of improved approaches to TB screening fits into the global commitment to reduce the TB
burden of disease and death. Providing access to effective screening to larger numbers of people at risk of
TB requires clear communication of programmatic needs among stakeholders, particularly researchers,
developers of technology and funders. Rapid identification of affected individuals needs to be matched
with the timely provision of appropriate treatment. Although recent years have seen advances in the
pipeline of tests for screening, important gaps remain. Hence, there is a need for improvements to
existing technologies or the development of new technologies that can be used closer to the level of
patient care, are priced affordably for low- and middle-income countries, and can provide accurate,
rapid and comprehensive solutions for detecting TB.

Addressing current challenges effectively and sustainably requires a multifaceted strategy that integrates
technological innovation with considerations of scalability, affordability and adaptability to populations
atrisk. Ideally, future screening tests would satisfy all the optimal requirements set out in this document
for the different test attributes. However, achieving such alignment across the different characteristics
is unrealistic and trade-offs will be necessary; for example, prioritizing the characteristics that are likely
to help in reaching universal health coverage, and delivering technologies that are reliable and practical
to use. Collaboration among stakeholders, ongoing research and sustained innovation will be vital to
overcome challenges on the path towards the realization of the ambitious targets set for TB.
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Annex 1. Overview of the results of the
Delphi-like consultation and WHO public
comment process for the TPP for TB
screening tests

To develop the updated World Health Organization (WHO) target product profiles (TPPs) for novel
screening tests for tuberculosis (TB), a Delphi-like consultation was conducted with the Scientific TPP
Development Group, to facilitate consensus-building around the core components of the updated TPP.
Following the consultation, a public commentary process was held to seek input from a broad range
of constituents; a total of 276 individuals expressed interest in this process, and 163 (59%) individuals
consented to participate and provided input.

During the Delphi-like consultation with the Scientific TPP Development Group, overall, there was
a high level of consensus on many key aspects of the TPP. Through subsequent discussions and
incorporating feedback from the public commentary, consensus was achieved on all parameters. This
annex summarizes the survey results, key discussions and inputs from public commentary on all aspects
of the TPP.

Scope

Overall, there was a high level of agreement for the parameters included in the “Scope” section. There
was complete agreement on the goal of a screening test; a public comment suggested separating
out symptomatic and asymptomatic populations for minimal and optimal tests but the expert group
agreed this was not ideal, given the desire for the next generation of screening tests to be able to detect
asymptomatic TB across all settings.

There was 98% and 91% agreement from the expert group on the target populations for novel screening
tests in the minimal and optimal cases, respectively. Some members of the group felt that targeting
populations down to 0.25% TB prevalence for screening was unrealistic given the high costs involved,
but ultimately the group felt that it was important to keep this level of ambition in the updated TPP
document. There were suggestions to include mention of pregnant women and paediatric populations
of different age ranges wherever possible.

There was 93% and 86% agreement on the target user of novel screening tests in the minimal and optimal
cases, respectively, with the expert group encouraging the inclusion of a self-testing modality in the TPP.

There was 93% agreement on the target setting of the test, with the expert group agreeing that, ideally,
novel screening tests should be able to be conducted in a variety of settings and not limited to health
care facilities, even in a minimal case.
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Performance

Although there was a diversity of thinking with regard to test performance, overall, there was high
agreement (>80%) on all the specific accuracy values (sensitivity and specificity) for all types of screening
tests included in the document, with two exceptions. The first exception was the minimum specificity
of a high-sensitivity test in a two-step algorithm; originally, this was set at 50%, and this value had
72% agreement. However, the expert group felt that the value of 50% was too low and would result in
extraneous costs for screening implementation; thus, it was amended to 60%. The second exception was
the minimum sensitivity of a high-specificity test; originally, this was set at 50%, and this value had 68%
agreement. However, the expert group again felt that the value of 50% was too low and would result in
unacceptable case detection for screening programmes; thus, it was amended to 60%.

Throughout the discussions, it was noted that the target accuracy values need to be combined with
other characteristics (e.g. the setting of the test, time to result and ease of use), to ensure that such a
novel test would be useful in programmatic screening implementation.

Pricing

Initially, there was less agreement in the area of pricing, with agreement levels of 56% and 66%,
respectively, for proposed minimal and optimal per-test costs. Many group members felt the proposed
unit costs were too high, given the volume of testing required in large-scale screening. There was
extensive discussion during the expert consultation, which resulted in updated unit costs for all three
types of screening tests described in the document. Although the group acknowledged the importance of
market value in screening tests, it also felt strongly that it is necessary to advocate for cheaper screening
tests, especially for a benchmark of a US$ 1 per test in the optimal case.

The group also felt that having a separate price point for capital costs for a screening test was unnecessary;
rather, members preferred to include all aspects of pricing under a unit cost.

Operational characteristics

There was generally high agreement across operational characteristic parameters. On the specimen type,
agreement was 88% and 84%, respectively, for the minimal and optimal cases, with some discussion to
ensure that the documentincluded a broad array of potential sample types that would be easy to obtain.

There was 70% and 86% agreement for the minimal and optimal time to result, respectively, with the
group largely agreeing on the optimal time frame for a screening test. Subsequent discussion focused
on the acceptable time to result for the minimal case. There was 86%agreement on the minimal
requirements for the instrument type for novel screening tests, but a slightly lower agreement level of
79% for the optimal case, as members of the Scientific Expert Group discussed how to capture a wide
range of possible new test technologies within the document.

The following characteristics all had over 80% agreement from the expert group in the Delphi-
like consultation: preparation of samples, instrument type, power requirements, maintenance and
calibration, training and education, documentation and display of results, regulatory requirements,
language support, operating temperature and storage, environmental impact, data storage, data
ownership, and security and privacy.
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For further information, please contact:

Global Programme on Tuberculosis & Lung Health

World Health Organization
20, Avenue Appia CH-1211 Geneva 27 Switzerland
Web site: www.who.int/tbh


http://www.who.int/tb
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