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Diagnostic yield as an important metric for the evaluation of 
novel tuberculosis tests: rationale and guidance for future 
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Better access to tuberculosis testing is a key priority for fighting tuberculosis, the leading cause of infectious disease 
deaths in people. Despite the roll-out of molecular WHO-recommended rapid diagnostics to replace sputum smear 
microscopy over the past decade, a large diagnostic gap remains. Of the estimated 10·6 million people who developed 
tuberculosis globally in 2022, more than 3·1 million were not diagnosed. An exclusive focus on improving tuberculosis 
test accuracy alone will not be sufficient to close the diagnostic gap for tuberculosis. Diagnostic yield, which we define 
as the proportion of people in whom a diagnostic test identifies tuberculosis among all people we attempt to test 
for tuberculosis, is an important metric not adequately explored. Diagnostic yield is particularly relevant for 
subpopulations unable to produce sputum such as young children, people living with HIV, and people with subclinical 
tuberculosis. As more accessible non-sputum specimens (eg, urine, oral swabs, saliva, capillary blood, and breath) are 
being explored for point-of-care tuberculosis testing, the concept of yield will be of growing importance. Using the 
example of urine lipoarabinomannan testing, we illustrate how even tests with limited sensitivity can diagnose more 
people with tuberculosis if they enable increased diagnostic yield. Using tongue swab-based molecular tuberculosis 
testing as another example, we provide definitions and guidance for the design and conduct of pragmatic studies that 
assess diagnostic yield. Lastly, we show how diagnostic yield and other important test characteristics, such as cost and 
implementation feasibility, are essential for increased effective population coverage, which is required for optimal 
clinical care and transmission impact. We are calling for diagnostic yield to be incorporated into tuberculosis test 
evaluation processes, including the WHO Grading of Recommendations, Assessment, Development, and Evaluations 
process, providing a crucial real-life implementation metric that complements traditional accuracy measures.

Introduction
Tuberculosis diagnosis has relied on low sensitivity 
sputum smear microscopy for more than 100 years. In 
2022, of the estimated 10·6 million people who developed 
tuberculosis, 3·1 million were not diagnosed and 
reported.1 The persistent tuberculosis diagnostic gap is 
closely associated with the inability of countries to reach 
the WHO standard of universal access to rapid molecular 
tuberculosis diagnostics.2 In 2022, for example, only 
47% of patients diagnosed with tuberculosis were initially 
tested with a WHO-recommended rapid diagnostic test.1,3 
Constraints in diagnostic access are central to these 
institutional failures, spanning from being identified as 
needing a test, obtaining specimens, and receiving 
testing to starting and completing treatment.4

Figure A illustrates key moments in the past century 
that have been instrumental in defining how tuberculosis 
diagnostics are evaluated. Since 2007, WHO has been 
applying the Grading of Recommendations, Assessment, 
Development, and Evaluations (GRADE)23 process to 
guideline development. GRADE prioritises randomised 
controlled trials that directly evaluate the effect of a 
diagnostic test on patient-important outcomes in real-life 
conditions.24 However, in the absence of direct evidence 
from randomised controlled trials, WHO’s guideline 
development groups usually link accuracy studies to 
patient-important outcomes, such as cure, mortality, time 
to diagnosis, and time to treatment, and integrate these 

into GRADE’s evidence to decision framework to infer the 
probable effects of tests and develop recommendations.25 
If a test is not likely to improve patient-important 
outcomes or population health, then the health-care 
system has no reason to use it, regardless of its accuracy.

A new pipeline of tuberculosis diagnostics is emerging, 
in part as a dividend from the massive diagnostic 
investments made during the COVID-19 pandemic.26 
While traditional accuracy metrics and individual patient-
important outcomes remain critical, population health-
focused measures are equally important in defining how 
diagnostics can be deployed to achieve public health 
objectives. Such measures are less emphasised within 
GRADE, and accordingly recommendations for new 
diagnostics could fail to focus on the potential to identify 
more people with tuberculosis and close the diagnostic 
gap.27 In this Health Policy, we aim to emphasise the 
importance of diagnostic yield for emerging tuberculosis 
diagnostics and how yield relates to effective population 
coverage.

Diagnostic yield
Since the mid-20th century, diagnostic yield has become 
a metric in evaluating the use of various diagnostic tests 
and procedures across different medical specialties. 
Many of the initial publications focused on cancer 
screening, but it is increasingly used in infectious 
diseases as well.10,12–15,17–19,28–31
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In this Health Policy diagnostic yield (DYT; panel 1) is 
defined as the proportion of people identified with disease 
using a highly specific diagnostic test (thus resulting in 
mostly true positives, PT), out of all people eligible to be 
tested (D), irrespective of adequate specimen collection. 
Diagnostic yield is a comprehensive measure of the 
performance of a test because it considers access, 
specimen availability, sensitivity, and test completion. 
Considering the diagnostic literature more broadly, the 
common denominator is the total number of people for 
whom testing is attempted, which also includes people 
who were unable to provide a specimen and those 
for whom the test failed to deliver a result (due to 
indeterminates, invalids, or errors, which are linked to 
test robustness and user friendliness). Diagnostic yield 

among all those diagnosed (DYD) is another 
definition17–19,32–36 but only considers the diagnostic yield 
among those diagnosed with tuberculosis. While we 
subsequently use the DYT diagnostic yield definition, we 
still advocate for the assessment of both diagnostic yield 
and diagnostic yield among all those diagnosed in studies.

Usually, estimates of diagnostic yield are based on a 
single test attempt using a single diagnostic specimen 
from a single clinical encounter, as would happen in 
routine clinical care. Diagnostic yield could further 
include turnaround time such as diagnostic yield at 
the first clinical encounter or 24-h diagnostic yield. The 
concept of yield can also be extended to diagnostic 
algorithms involving more than one test as composite 
diagnostic yield.
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Figure: Diagnostic yield as an important metric for the evaluation of novel tuberculosis tests
(A) Key moments and seminal publications in the conceptualisation of diagnostic accuracy, policy development, and diagnostic yield that inform the current approach to evaluate tuberculosis 
diagnostics. (B) Tuberculosis testing metrics mapped to the tuberculosis care cascade. Accuracy evaluates step 4, diagnostic yield steps 3 and 4, and effective population coverage evaluates steps 1 to 5 of 
the care cascade. Tuberculosis testing and care metrics refer to the REASSURED criteria,20,21 which include Ease of specimen collection, Accuracy (Sensitivity and Specificity), User-friendly, Rapid and 
Robust, and are considered elements of diagnostic yield. REASSURED further includes Affordable, Deliverable, Equipment-free, and Real-time connectivity, which are relevant for effective population 
coverage. The tuberculosis care cascade is adapted from Subbaraman and colleagues22 and Ismail and colleagues,3 and universal access benchmarks are described in the WHO standard.2 (C) Comparison of 
tuberculosis diagnostic yield between urine lipoarabinomannan (Alere Determine TB LAM, Abbott, Chicago, IL, USA) and sputum Xpert (MTB/RIF or Ultra, Cepheid, Sunnyvale, CA, USA) among 
hospitalised people living with HIV from the first sample collected in the initial 2 days after enrolment.17 The diagnostic yield was calculated as the number of patients with positive test results among all 
people for whom testing was attempted. DYT=Diagnostic yield among all people attempted to test. GRADE=Grading of Recommendations, Assessment, Development and Evaluations.
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The importance of diagnostic yield and its link 
to effective population coverage
Figure B maps tuberculosis testing and care metrics to 
the tuberculosis care cascade. The ultimate goal of a 
diagnostic test is to achieve population-level impact on 
patient outcomes, which requires effective population 
coverage37–39 and universal access.2,3 Diagnostic yield is an 
important part of effective population coverage as it 
measures a test’s ability to deliver actionable positive 

diagnoses in those for whom testing is attempted 
(covering steps 3 and 4 of the tuberculosis care cascade in 
figure B). In addition to test accuracy, diagnostic yield 
covers other key aspects such as specimen availability, 
turnaround time, test robustness, failures, and user 
friendliness. All of these aspects collectively contribute to 
effective and timely result generation in a real-world 
clinical setting in high endemic countries but are not 
usually covered by diagnostic accuracy studies.

Panel 1: Definition of diagnostic yield

Diagnostic yield among all tested
Diagnostic yield among all of those tested is defined as the 
proportion of people in whom a diagnostic test identifies 
tuberculosis among all people for whom testing is attempted. 
The crucial factor is that it should mimic real-world clinical 
practice in a tuberculosis endemic setting.

Formula
DYT=PT/D

• DYT=Diagnostic yield among all people attempted to test
• PT=Number of people with a positive diagnosis by the test
• D=Denominator defined as the total number of people for 

whom tuberculosis testing is attempted

Strengths
• Simplicity in study design: the focus on positive results 

simplifies study design, making studies feasible even in the 
absence of a comprehensive reference standard that would 
be required to distinguish between true and false positives

• Pragmatic assessment: enables studies that replicate real-
world clinical practices by considering factors such as test 
completion, specimen viability, and timely result availability 
in all people for whom testing is attempted

• Reflects real-world testing conditions: by considering a 
single test attempt using a single specimen from a single 
clinical encounter, diagnostic yield mirrors real-world 
testing conditions

Limitations
• Dependence on prevalence: diagnostic yield is influenced by 

tuberculosis prevalence, which could limit its generalisability 
across populations with different prevalences

• Specificity consideration: specificity requires careful 
consideration in light of the clinical goal, associated cost, 
and prevalence; diagnostic yield includes false positives in 
positive results; if test specificity has been well established 
(eg, in previous accuracy studies) and is high (ie, ≥98·5%), 
the effect of false positives on diagnostic yield is low, 
particularly if tuberculosis prevalence is high; in this case, 
positive results approximate the number of true positive 
results; diagnostic yield for tests with lower specificity 
should be adjusted (appendix 1) and be interpreted carefully

Diagnostic yield among all those diagnosed
Diagnostic yield among all those diagnosed is defined as the 
proportion of people in whom a diagnostic test identifies 

tuberculosis among tuberculosis positive people for whom 
testing is attempted. Diagnostic yield among those who are 
positive for tuberculosis is calculated as the number of people 
with a positive diagnosis by the test divided by the total 
number of people diagnosed with tuberculosis.

As for diagnostic yield among all those tested, diagnostic yield 
among all those diagnosed (DYD) could include a turnaround 
time component and is usually based on a single test, but can 
include a test series or standardised combination of tests used 
in real-world clinical practice.

Formula
DYD=PT/DD

• DYD=Diagnostic yield among tuberculosis positive people
• PT=Number of people with a positive diagnosis by the test
• DD=Denominator defined as the total number of people 

diagnosed with tuberculosis. Usually, a comprehensive 
microbiological reference standard that includes 
mycobacterial culture and a nucleic acid amplification test 
from any specimen including sputum, urine, blood, and 
other extrapulmonary samples. The participants who test 
positive from the index test being assessed can be included 
in the denominator permitted the specificity of the test is 
sufficiently high.

Strengths
• Not depending on prevalence: diagnostic yield among all 

those diagnosed is independent of tuberculosis prevalence, 
making it easier to compare across studies conducted in 
different settings or populations

• Addressing false positives: the comprehensive reference 
standard enables the exclusion of false positives in the 
count of people with a positive diagnosis

• Has been used in several tuberculosis studies

Limitations
• Requires comprehensive reference standard: diagnostic 

yield among all those diagnosed requires a comprehensive 
microbiological reference standard, with multiple tests for 
defining the total number of people diagnosed with 
tuberculosis in the denominator; this might not be feasible 
in all settings, particularly in pragmatic studies; even the 
most comprehensive reference standard could still miss 
people with tuberculosis

See Online for appendix 1
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Specimen availability is particularly relevant for key 
subpopulations who are often unable to produce sputum, 
such as people living with HIV, children, people with 
extrapulmonary tuberculosis, and people with subclinical 
tuberculosis who do not exhibit overt signs and 
symptoms associated with active tuberculosis.17,40

Sputum induction could be necessary for patients 
who cannot expectorate, but this puts health-care 
workers at risk of infection and requires expertise, 
motivated staff, equipment, and time, potentially 
delaying specimen collection and time to diagnosis. 
Furthermore, sputum is a complex viscous sample 
requiring complex sample processing, which leads to 
longer turnaround times and high requirements on test 
robustness to avoid indeterminate and invalid tests. 
Despite these challenges, sputum remains the primary 
tuberculosis diagnostic specimen. Recognising the 
limitations of sputum-based diagnostics triggered the 
explicit inclusion of non-sputum specimens as a priority 
element of target product profiles for new tuberculosis 
diagnostics.16,41,42

In principle, tuberculosis tests with only moderate 
sensitivity, which use a more easily accessible specimen, 
have the potential to diagnose a higher number of 
people than a more sensitive molecular test reliant 
on sputum. For example, in an individual participant 
data meta-analysis17 of tuberculosis testing among 
3662 hospitalised people living with HIV, 

69% (2531/3662) had a sputum specimen obtainable in 
the first 2 days, whereas 98% (3585/3662) had a urine 
specimen obtained in the first 2 days. Diagnostic yield 
was comparable, at 9·3% (342/3662) for urine Alere 
Determine TB LAM (AlereLAM, Abbott, Chicago, IL, 
USA) and 9·0% (330/3662) for sputum Xpert (MTB/RIF 
or Ultra, Cepheid, Sunnyvale, CA, USA; figure C). This 
result was obtained despite the lower sensitivity of the 
lipoarabinomannan test used in the studies (42% for 
urine AlereLAM) relative to the sputum assay (77% for 
sputum Xpert). The comparability in diagnostic yield 
was purely attributable to higher urine specimen 
availability. Although everyone can provide a urine 
sample, only a certain fraction of people can produce 
sputum samples.

Another example, albeit hypothetical, is to consider 
replacing Xpert Ultra on a single spot sputum (assuming 
specimen availability of 80%, sensitivity of 91%, and 
specificity of 98·5%) with tongue swab specimen and a 
nucleic acid amplification test (assuming specimen 
availability of 100%, sensitivity of 73%, and specificity 
of 98·5%). When applied to the same population, the 
same number of patients with tuberculosis would be 
identified by the two testing approaches, since the 
specimen collection advantage compensates for the loss 
in sensitivity when assessing tongue swab specimens.

An important consideration for the concept of 
diagnostic yield is test specificity. If test specificity has 
been well established in diagnostic accuracy studies and 
confirmed to be high (ie, ≥98·5%), then the number of 
positive results in a high incidence setting would be 
representative of the true positive cases. This simplifies 
diagnostic yield study design when highly specific tests 
are evaluated allowing more pragmatic studies, even in 
the absence of a comprehensive reference standard, to 
distinguish between true and false positives. For tests 
with lower specificity, assessment of diagnostic yield is 
more complex, and adjustment could be performed 
using Bayesian Latent Class Analysis (or other methods 
with similar properties) to allow explicit incorporation of 
additional information about an individual and their 
probability of having tuberculosis, eg, including chest 
x-ray results, whether a clinical diagnosis was made, 
or if follow-up is possible, response to therapy; and to 
include appropriate considerations of uncertainty about 
specificity estimates.43 For reporting, the diagnostic yield 
can be adjusted by considering test specificity from other 
studies or meta-analyses (appendix 2 p 1).

Using more readily accessible specimens can 
enable higher diagnostic yield for tuberculosis. Paired 
with near-patient testing, including home-testing 
and self-testing, the higher diagnostic yield lays the 
basis for higher effective population coverage, including 
for disadvantaged and vulnerable groups. A diagnostic 
test with a high accuracy will have a limited effect on 
the population if it does not also have high diagnostic 
yield and is not widely available and used. Therefore, 

Panel 2: Example of the proposed two-step study approach and population, 
intervention, comparison, and outcome (PICO) questions to establish diagnostic 
accuracy and yield for a tongue swab-based molecular tuberculosis test

Accuracy study
• Population: patients at risk of tuberculosis (with and without symptoms) presenting 

to a health facility
• Intervention: tongue swab-based molecular test
• Comparator: sputum-based molecular test
• Primary outcome: diagnostic accuracy (sensitivity and specificity) in reference to a 

microbiological reference standard (including a sputum culture and sputum 
molecular test)

• Secondary outcomes: proportion indeterminate, diagnostic accuracy against 
alternative reference standards (ie, clinical reference standard, extended 
microbiological reference standard, or latent class modelling),43,45 negative predictive 
value, positive predictive value, turnaround time, and quality and proportion 
indeterminate of the reference standard methods

Diagnostic yield study
• Population: patients at risk of tuberculosis (with and without symptoms), ideally in 

health-care settings or community settings
• Intervention: tongue swab-based molecular test
• Comparator: sputum-based molecular test
• Outcomes: diagnostic yield defined as the proportion of people with a positive tongue 

swab among the total number of people for whom testing is attempted
• Secondary outcome: composite yield of both tests or test algorithms, time to diagnosis, 

sample provision, proportion indeterminate, effectiveness of implementation, and 
user-friendliness in programmatic setting with the intended user

See Online for appendix 2
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not only should the diagnostic yield of a test be 
emphasised, but also, its coverage (figure B). Effective 
population coverage refers to the population at risk that 
is reached by a specific health intervention, such as a 
diagnostic test, and who are therefore able to benefit 
from it. As such it combines need, use, and quality.39,44 
For a test to reach high effective population coverage, it 
needs to be feasible to implement at scale, affordable, 
and cost-effective, and it should achieve high diagnostic 
yield within a clinically relevant turnaround time 
(figure B).

How to integrate diagnostic yield into 
diagnostic research
Panel 2 shows an example study approach to establish 
diagnostic accuracy and diagnostic yield for a tongue 
swab-based molecular tuberculosis test and a checklist 
for the design of a diagnostic yield study is shown in 
appendix 2 (pp 3–4). In general, the same criteria used 
for high-quality accuracy studies apply.45–47 A two-step 
process might be most appropriate with the initial 
establishment of diagnostic accuracy (especially 
specificity) using a comprehensive and well validated 
reference standard from sputum (including methods 
that facilitate sputum production; detailed guidance on 
such studies is published elsewhere),48 followed by a 
real-life diagnostic yield study. In some instances, a 
pragmatic combined effectiveness-implementation study 
might be useful, if accuracy and yield assessment can be 
incorporated into a single study.

For the diagnostic accuracy study, showing specificity 
against a comprehensive reference standard will be 
crucial to ensure that additional cases identified in the 
diagnostic yield study are true positives. A comprehensive 
reference standard might be less of a concern in the 
example of a swab-based molecular test that specifically 
detects Mycobacterium tuberculosis DNA (the caveat being 
presence of M tuberculosis DNA after cure).49,50 However, 
if there is less confidence in the specificity of a test, as is 
the case for lipoarabinomannan-detecting urine-based 
tuberculosis assays, this consideration gains crucial 
importance and could be addressed by analytical means 
(eg, Bayesian latent class analysis) as outlined 
previously.43

Diagnostic yield studies should be designed with the 
necessary statistical power and similar statistical 
methods used for accurate sample size calculations.45,51 
For example, for a test with 20% diagnostic yield, 
49 tuberculosis test positives would be required to 
achieve a 95% CI width of less than 10%. Assuming a 
prevalence of 25%, the study would require the 
enrolment of 246 participants, ideally without selection 
bias, as is often observed in studies that only enrol 
participants who are highly symptomatic and who can 
spontaneously expectorate sputum.

Lessons on diagnostic yield and effective 
population coverage
For several diseases, diagnostic innovation has improved 
both yield and coverage. The table lists diagnostic 

Use-case Sample type Test method Accuracy Diagnostic yield Population coverage

HIV52–56 Community-based 
point-of-care 
testing and self-
testing 

Oral mucosal 
transudate

Rapid 
antibody 
testing 

Reduced accuracy (sensitivity 
98·7% and specificity 99·8%) 
against laboratory-based blood 
tests; confirmatory testing is 
recommended

High diagnostic yield due to 
accessible sample type and high 
acceptability

High population coverage; in 2020, 84% of 
people living with HIV knew their HIV status; 
expansive coverage was achieved by a successful 
roll-out funded by the UNITAID STAR Program 
and the Bill & Melinda Gates Foundation; 
between 60% and 90% of participants opted for 
self-testing depending on setting; self-testing 
increased uptake by 145%

Syphilis57 Screening and 
point-of-care 
testing

Finger-stick Rapid 
antibody 
testing 

Reduced accuracy (sensitivity 
75–100% and specificity 
65–100%) for rapid tests in 
minimal to no infrastructure 
areas compared with laboratory 
tests

High diagnostic yield; fingerprick 
capillary blood is feasible in 
community settings and health 
facilities during one encounter 
without laboratories; minimal 
infrastructure tests could alleviate 
47% of disease burden despite low 
sensitivity and specificity 

High population coverage; countries have begun 
using dual HIV and syphilis rapid diagnostic tests 
to increase effective population coverage for HIV 
and syphilis; syphilis rapid diagnostic tests were 
added to WHO’s list of essential diagnostics; tests 
that require minimal infrastructure and return 
results in <2 h can alleviate 30–50% of disease 
burden

Malaria58,59 Point-of-care 
testing

Finger-stick Rapid antigen 
testing

Reduced accuracy (62% sensitivity 
and 99% specificity) compared 
with laboratory-based molecular 
testing

High diagnostic yield: fingerprick 
capillary blood is feasible in 
community settings and health 
facilities during one encounter 
without laboratories

High population coverage; in 2021, 413 million 
rapid diagnostic tests were sold by 
manufacturers

SARS-
CoV-260–66

Screening and self-
testing to identify 
people with 
infections, which 
effectively limits 
further spread

Nasal swab Rapid antigen 
testing 

Reduced accuracy (76% sensitivity 
and 98·9% specificity) against 
reference standard PCR; similar 
sensitivity for self-testing 
compared with professional 
testing

High diagnostic yield; accessible 
sample types (ie, self-performed 
anterior nasal swab); more than 
80% of users found rapid antigen 
tests easy to perform

High population coverage; improved 
substantially, initially through large publicly-
funded screening programmes; initially with 
assisted testing and further through lay 
self-testing 

Table: Diagnostic tests that achieved high effective population coverage



Health Policy

e1189 www.thelancet.com/lancetgh   Vol 12   July 2024

examples from different diseases to illustrate the 
interplay of test characteristics to achieve effective 
population coverage, including yield.

For syphilis diagnosis, for example, one study indicated 
that improvement in the sensitivity of antenatal syphilis 
tests without a corresponding increase in patient return 
rate would not yield any substantial gains in health 
outcomes, highlighting the importance of turnaround 
time.57 Nowadays, serological syphilis rapid diagnostic 
tests, which are less accurate but more accessible than 
laboratory diagnostics, are part of WHO’s list of essential 
diagnostics.67

HIV self-testing also provides crucial lessons for the 
tuberculosis community. HIV rapid test uptake is 
negatively affected by the stigma and discrimination 
associated with the visibility of testing in health facilities. 
In 2012, when the US Food and Drug Administration 
approved oral self-tests for HIV, the concerns about lower 
accuracy of oral self-tests compared with laboratory-
based tests were overridden because of their potential to 
expand diagnostic yield due to ease of sampling (eg, oral 
vs fingerprick blood), their potential for expanded access 
to testing, and thus increase in effective population 
coverage compared with laboratory tests. WHO’s release 
of self-testing guidelines in 2016 catalysed the global 
availability, accessibility, and impact of these tests.52 

Improved population coverage was achieved in southern 
Africa by a successful roll-out of oral self-tests for 
screening followed by blood-based tests for confirmation, 
resulting in a reduction of the proportion of undiagnosed 
individuals without knowledge of their HIV serostatus 
from 40–50% in 2000 to 16% in 2020.52

For malaria, the development of antigen-based rapid 
diagnostic tests changed the landscape by offering 
accurate diagnosis while circumventing both venous 
blood collection and microscopy obstacles in peripheral 
health-care settings, including cost of equipment, time to 
result, and the need for skilled personnel. The first 
malaria rapid diagnostic tests emerged in the early 
1990s,68 and WHO held its first meeting on rapid 
diagnostic testing in 1999.69 Initial adoption was 
hampered by variable field performance, which led WHO 
and other agencies to create an international quality 
control programme for malaria rapid diagnostic tests.58 

In the past 20 years, rapid diagnostic test testing has 
been substantially expanded around the world. In 2021, 
413 million rapid diagnostic tests were sold by 
manufacturers and 262 million were distributed by 
national malaria programmes.70

The COVID-19 pandemic also showed the benefits of 
shifting attention from the narrow focus on test accuracy 
to diagnostic yield and effective population coverage to 
address diagnostic gaps.27,60 Nasal rapid antigen tests 
achieved high diagnostic yield and effective population 
coverage despite their reduced sensitivity relative to 
nucleic acid amplification tests from nasopharyngeal 
swabs.61,71,72

Novel testing solutions for tuberculosis testing
Developing non-sputum-based rapid tests for tuberculosis 
presents substantial challenges due to the anatomical 
location of tuberculosis infection that usually involves the 
lung parenchyma with resultant lung pathobiology. Very 
few biomarkers progress from early research to tests with 
clinical use.73 For pathogen markers (eg, antigens or 
DNA), abundance in non-respiratory specimens (such as 
blood or urine) is very low, complicating sensitive 
detection with low-cost point-of-care tests.74 For host 
markers, detection has also proved challenging due 
to similarities in the immune response related to 
M tuberculosis infection (without disease) and active 
disease.75 Nevertheless there are several exciting non-
sputum tests based on urine, tongue swab, breath, blood, 
and stool on the tuberculosis testing horizon.26,76–78 Notably, 
two non-sputum-based tests are already recommended by 
WHO and are available. These include the urine 
AlereLAM test to assist in tuberculosis diagnosis in 
people living with HIV and Xpert stool testing in 
children.79 The greater appreciation of yield within the 
tuberculosis field will be crucial to increase acceptance 
and uptake of these existing tests and new non-sputum-
based tests and will help to address major implementation 
gaps that continue to exist for these tests.

Conclusion
As part of urgent efforts to identify and treat people with 
tuberculosis who are missed and not receiving appropriate 
care, placing a stronger focus on diagnostic yield and 
effective population coverage is necessary. Using more 
readily accessible specimens together with novel near-
patient tests, including home-testing and self-testing, will 
improve diagnostic yield and coverage, especially in 
disadvantaged and vulnerable groups who are at the 
greatest risk of disease development and spread. Thus, we 
propose the inclusion of diagnostic yield as an additional 
metric when evaluating the value of novel diagnostic tests 
for tuberculosis, as well as in the GRADE evidence 
synthesis process that informs WHO policy decisions.
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