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Approximately 3.6 million cases of active tuberculosis (TB) go potentially undiagnosed annually, partly due to limited access to 
confirmatory diagnostic tests, such as molecular assays or mycobacterial culture, in community and primary healthcare settings. 
This article provides guidance for TB triage test evaluations. A  TB triage test is designed for use in people with TB symptoms 
and/or significant risk factors for TB. Triage tests are simple and low-cost tests aiming to improve ease of access and implementa-
tion (compared with confirmatory tests) and decrease the proportion of patients requiring more expensive confirmatory testing. 
Evaluation of triage tests should occur in settings of intended use, such as community and primary healthcare centers. Important 
considerations for triage test evaluation include study design, population, sample type, test throughput, use of thresholds, reference 
standard (ideally culture), and specimen flow. The impact of a triage test will depend heavily on issues beyond accuracy, primarily 
centered on implementation.

Keywords.  diagnostics; study design guidance; target product profiles; triage; tuberculosis.

Of the estimated 10 million new active tuberculosis (TB) cases 
each year, approximately 3.6 million are not notified and are po-
tentially undiagnosed [1], resulting in poor individual outcomes 
and ongoing TB transmission within families and communities 
[2–4]. Systematic reviews have reported that reasons for delayed 
TB diagnosis include persons seeking care in the informal or 
private sectors or in community or primary healthcare settings 
[5, 6], where access to rapid, sensitive TB diagnostics is particu-
larly limited [7], hindering the potential for early diagnosis and 
prompt treatment initiation.

Despite continued reliance on smear microscopy in high TB 
incidence settings, there have been considerable advances in the 
development of molecular diagnostic tests for TB. GeneXpert 
MTB/RIF (Xpert) (Cepheid Inc., Sunnyvale, CA) is a cartridge-
based nucleic acid amplification test for rapid diagnosis of TB 
and rifampicin resistance that was first endorsed by the World 
Health Organization (WHO) in 2010 [8, 9]. The WHO currently 

recommends the use of the next-generation Xpert MTB/RIF 
Ultra (with improved sensitivity for TB detection) as the initial 
test to be used for all persons being evaluated for TB [10, 11]. 
However, Xpert has not been deployed at most lower level health 
facilities due to considerable implementation barriers, including 
cost and infrastructure requirements, low throughput, and a rel-
atively long testing turnaround time in field settings [12, 13]. 
A 2017 report evaluating policies in 29 high TB incidence coun-
tries highlighted that only 15 (52%) have adopted a policy of 
“Xpert for all”, only 7 (47%) of which have widely implemented 
Xpert [14]. There are some TB molecular diagnostic alternatives 
to Xpert that are available, such as line probe assays [15] or 
TB-loop-mediated isothermal amplification (TB-LAMP) [16], 
or those under development and evaluation, such as the Truenat 
MTB or AccuPower TB&MDR Real-Time PCR (for comprehen-
sive list see FIND diagnostics pipeline) [17]. However, these tests 
in development and evaluation are not yet shown to be field ap-
plicable and deployable at lower level health facilities, hence the 
need for a test that can be used in these settings.

Triage tests are typically simple and low-cost tests aiming to 
improve ease of access and implementation (compared with 
confirmatory tests) and decrease the proportion of patients 
requiring more expensive confirmatory testing (ie, a rule-out 
test with a high sensitivity and negative predictive value) [18]. 
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A TB triage test (Box 1) is designed to be used in adults and 
children identified as having symptoms compatible with TB or 
having risk factors for any form of active TB (or at a minimum 
for pulmonary TB) (Figure 1). Triage testing should stratify 
individuals for either confirmatory TB diagnostic testing (for 
triage test-positive patients) or further investigation of likely 
non-TB aetiologies (for triage test-negative patients). The key 
characteristics defined for a TB triage test at a WHO con-
sensus meeting to develop target product profiles (TPPs) for 
new TB diagnostic tests in 2014 [19] were that it should be as 
follows: nonsputum based; easy to use; rapid; accurate (opti-
mally 95% sensitive and 80% specific for any form of active TB 
when compared with the confirmatory test, or minimally 90% 

sensitive and 70% specific for pulmonary TB when compared 
with the confirmatory test); affordable; and usable with only 
minimal infrastructure and training needs. An optimized triage 
test for TB would likely have a large global market and high po-
tential to reduce TB burden [20].

The current recommended approach to identifying patients 
presenting to healthcare facilities who should be evaluated for 
TB primarily relies on (1) patients reporting symptoms compat-
ible with TB (cough, hemoptysis, fever, night sweats, weight loss) 
through passive case finding and/or (2) systematic symptom 
screening of individuals with certain risk factors for TB such 
as human immunodeficiency virus (HIV) [21]. Patients who 
self-report symptoms or have a positive symptom screen should 
next undergo confirmatory testing with Xpert or other WHO-
endorsed molecular diagnostic tests where feasible and/or 
sputum smear microscopy when molecular tests are unavailable 
onsite. Of note, chest x-ray (CXR) typically remains a secondary 
diagnostic test after an initial negative sputum-based test and is 
often unavailable in community and many primary healthcare 
settings. The accuracy of symptom screening for pulmonary TB 
is highly variable, with one review demonstrating a sensitivity 
ranging from 25% to 50% for prolonged cough (longer than 2 
weeks) to 77%–84% for any TB symptom. Specificity dropped 
from around 92%–95% for prolonged cough to around 67%–74% 
for any TB symptom [22]. In addition, studies that have evaluated 
patients using exit interviews after presentation to healthcare 
clinics in high TB incidence settings have demonstrated that, al-
though a high proportion of clinic attendees reported 1 or more 
TB compatible symptoms (approximately 5%–15% of whom will 
have TB), only a subset of those who were identified as having 
TB symptoms (between 10%–25%) actually underwent sputum-
based TB diagnostic testing, resulting in a substantial early diag-
nostic gap in the cascade of care [23–26].

Prior evaluations of TB diagnostics, including the existing 
but suboptimal tests used for triage (eg, CXR), have often 
identified a lack of rigor with respect to sources of bias related 
to patient sampling, study design, and issues related to reference 
standard [27, 28] (see also Denkinger et al, Paper 1). In this ar-
ticle, we will focus on providing guidance for the design of di-
agnostic accuracy studies of novel TB triage tests, in view of the 
urgent need for these data to inform WHO review and guide 
potential policy recommendations. We will review general 
study design considerations and other key issues including 
each of the Quality Assessment of Diagnostic Accuracy Study 
(QUADAS-2) domains [29]. Impact data beyond accuracy, al-
though not the focus of this article, will also be discussed.

INTENDED USE SCENARIOS FOR TRIAGE TESTS

The cost efficiencies offered by introduction of a triage test 
(with respect to decreased numbers of patients requiring con-
firmatory testing) may improve case finding by reducing health 
system overload. This may make it more feasible and affordable 

Box 1.  Definitions of tests and risk factors.

Triage test: a test that can be used in people presenting 
to a health facility and reporting one or a combination of 
symptoms compatible with TB (cough, fever, night sweats, 
weight loss, chest pain, haemoptysis) or in those with risk 
factors for TB (such as HIV or those who have had contact 
with someone who had infectious TB) to determine those 
who need confirmatory TB testing.
Confirmatory test: a TB diagnostic test that provides a de-
finitive diagnosis of TB. This will typically be Xpert or other 
WHO endorsed confirmatory tests such as mycobacterial 
culture. Based on the results of confirmatory testing, TB 
treatment can be initiated.
Comparator test: this is a test or procedure that is compara-
tive to the index test (which in this case is a triage test). This 
could consist of an alternative triage test or the standard of 
care without triage testing.
Risk factors for TB:
People previously treated for TB
Household or other close/prolonged contacts
People with an untreated fibrotic lesion identified by chest 
radiography
People living with HIV and people attending HIV testing
People with diabetes mellitus 
People with chronic respiratory disease and smokers
Undernourished people
People with gastrectomy or jejuno-ileal bypass
People with an alcohol-use disorder and people who use 
intravenous drugs
People with chronic renal failure
People who are immunocompromised or are having 
treatments that compromise their immune system
Elderly people
People in mental health clinics or institutions
People in high risk congregate settings such as prisons or 
those who are homeless
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to offer confirmatory testing to patients with a higher pretest 
probability of TB, based on presenting with TB symptoms or 
TB risk factors and having a positive triage test. If a triage test 
can be implemented at lower levels of the healthcare system, 
triage testing may also facilitate earlier diagnosis by expanding 
TB case finding in these settings [19], because access to triage 
test should be greater than for the confirmatory test. Triage 
testing might also be used for initial testing at higher levels of 
the healthcare system, such as tertiary or reference hospitals, 
as part of a transmission control screening approach such as 
FAST (Find cases Actively, Separate safely and promptly Treat 
effectively) [30] to identify infectious patients. Although access 
to confirmatory TB testing is likely to be better in these settings, 
high rates of initially undiagnosed TB have been documented 
in hospitals, including referral centers [31].

CLINICAL PATHWAY

Triage testing would be used to determine which patients with 
symptoms or risk factors for TB require confirmatory testing, 
which should be performed in all triage test-positive patients 
(Figure 1). Identification of patients with TB symptoms or risk 
may be done passively by patient self-reporting or by active 
symptom screening, either at the point of entry to the health-
care facility (often by a triage nurse) or by the clinician seeing 
the patient (including outreach workers evaluating house-
hold TB contacts). As mentioned previously, the accuracy of 
TB symptom screening across settings is highly variable and 
will thus affect the impact of a triage test being performed 
for patients identified to have symptoms (triage test sensi-
tivity will likely be lower for active rather than passive case 

Patient with TB presents to  health facility
and is assessed for TB symptoms 
or risk factors for TB

Patients reporting one or more TB 
symptoms (cough, hemoptysis, 
fever, night sweats or weight loss) 
undergo triage test 

Patients with a positive triage test undergo or are 
referred for confirmatory test (typically Xpert in clinical 
practice although accuracy studies should ideally use
mycobacterial culture, see Box 1– Definition and
examples of confirmatory tests).  

Subsequent care determined by confirmatory
TB test result. 

- If positive, patients should be started on TB therapy
unless further  drug susceptibility testing is required
e.g. if Xpert RIF-resistant.

- If negative, evaluation for other  causes of symptoms
should be pursued or clinician may consider  empiric
therapy if there is a high clinical concern for TB.

Patients reporting cough undergo 
triage test 

Examples of di�erent testing scenarios

Patients with risk 
factors for TB (see 
Box 1) undergo 
triage test

Figure 1. Clinical pathway for tuberculosis (TB) triage test.
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finding). Given the limitations of symptom screening, some 
patients whom clinicians consider sufficiently high-risk may 
be referred directly for triage (versus confirmatory) testing, 
even in the absence of symptoms [32]. We acknowledge that 
testing patients with TB risk factors but without TB symptoms 
may blur boundaries between triage testing (typically done in 
symptomatic patients) and active screening (typically done 
in asymptomatic people), but, for the purposes of this man-
uscript, we consider an initial, nonconfirmatory test in such 
patients to be included as a triage test.

CURRENT LANDSCAPE OF TUBERCULOSIS 
TRIAGE TESTS

No optimal triage test for TB currently exists. After symptom 
screening, CXR is currently the most commonly used triage 
test. However, the rollout of CXR has been largely limited 
by the infrastructure and training needs required. Although 
CXR has typically been evaluated by human readers, it is in-
creasingly being assessed by computer-assisted detection 
(CAD) software [33, 34]. The CAD software performance 
has varied widely compared with a microbiological reference 
standard: sensitivity (47%–100%) and specificity (23%–94%) 
[28]. In a simulated algorithm, based on data from South 
Africa, CXR with CAD software as a triage test before Xpert 
in patients with suspected TB (based on self-presentation 
with symptoms) resulted in decreased costs per screened case 
($6.72 versus $13.09 for patients tested with Xpert alone) and 
increased throughput from 45 to 113 patients per day [35]. 
The interest in an easy-to-use, nonsputum biomarker-based 
test has been substantial, and interest has focused primarily on 
host biomarkers. A recent systematic review and meta-analysis 
suggested that point-of-care C-reactive protein (CRP) may be 
able to meet TPP performance targets [36], and a large study 
in Uganda demonstrated 89% sensitivity (95% confidence in-
terval [CI], 83–93) and 72% specificity (95% CI, 69–75) for 
culture-confirmed TB in people living with HIV (PLHIV) 
in a clinic-based setting [37]. One consortium reported a 
7-marker serum protein-based biosignature that had a sensi-
tivity of 94% and specificity of 73% in a training cohort of 491 
participants with symptoms of pulmonary TB [38]. A more re-
cent proteomic analysis on 1470 specimens from patients with 
symptoms and signs suggestive of pulmonary TB revealed a 
6-marker-based protein signature that had a sensitivity of 90% 
and specificity of 80% [39]. Alternatives, including exhaled 
breath tests that measure volatile organic compounds (which 
are altered in disease states such as TB), have thus far not met 
triage test criteria [40].

GENERAL STUDY DESIGN CONSIDERATIONS

Diagnostic test accuracy of TB triage tests should be assessed 
in cross-sectional or cohort studies by evaluating a consecu-
tive series or a random sample of patients with symptoms of 

TB or risk factors for TB who are attending healthcare facilities. 
Using healthy controls and/or patients with severe disease can 
introduce spectrum bias, which may overestimate test accu-
racy. When designing triage test accuracy studies, investigators 
should ensure data can be reported according to the Standards 
for Reporting of Diagnostic Accuracy (STARD) guidelines [41].

Well characterized specimens from patients being evaluated 
for TB symptoms are critical for the development of triage tests. 
Banked specimens can also play an important role to supple-
ment data collected from prospective evaluations. However, 
few sample banks have specimens from patients presenting 
to peripheral healthcare settings, which may introduce spec-
trum bias, because specimens may be more likely to origi-
nate from patients with higher disease severity. Thus, studies 
demonstrating reproducibility of test results on fresh and 
banked specimens are needed to confirm data based on studies 
with banked specimens.

The choice of sample size is a critical consideration for any 
study that aims to be informative in its own right (ie, outside 
of a systematic review and meta-analysis). Figure 2 shows 
a plot of the precision of accuracy estimates as a function of 
sample size for sensitivity and specificity in line with the TPP 
minimal requirements. Although sample size planning needs 
to account for a multitude of factors, reasonable precision (CI 
width of 10%–15%) of the sensitivity estimate can be achieved 
with ~100 TB patients (this assumes that a given test being 
evaluated meets TPP minimal requirements and that standard 
methods are used to estimate CI based on sample size and point 
estimate), with additional precision gains requiring significant 
additional enrollment. At a TB prevalence of 5% versus 10% 
versus 20% (reflective of different healthcare settings) [42, 43], 
this would require enrolling 1500 versus 1000 versus 500 pre-
sumptive TB patients depending on the setting, to ensure that 
sensitivity estimates are reasonably precise.

POPULATION AND SETTING

The study populations selected for triage test evaluation studies 
should reflect the target populations in settings of intended use. 
The key initial study population for the evaluation of triage 
tests may often be adults (≥15  years, including PLHIV) with 
symptoms suggestive of pulmonary TB that include cough who 
are able to produce a sputum specimen. This group is a useful 
starting point because there is a reasonably strong reference 
standard (liquid culture) and it is the group that is also already 
prioritized in international guidelines for infection control 
purposes. Important subgroups and additional patient groups 
include patients being evaluated for paucibacillary/smear-
negative TB (more common in PLHIV), extrapulmonary TB, 
and/or pediatric TB. We acknowledge that certain triage tests 
may be more applicable to children than adults, in which case 
evaluation in children may occur before or concurrently with 
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evaluation in adults. To expand diagnosis to other forms of TB 
beyond pulmonary disease, the test would ideally need to be 
nonsputum based. Specimens with the greatest potential are 
blood (venous or preferably fingerstick), urine, and breath.

Patient enrollment and testing should ideally be performed 
in the primary settings of intended use, ie, L0: community 
health outposts, L1: primary healthcare centers, and L2: district 
hospitals, where other TB testing modalities and potentially 
L2 district hospitals are often not present or only to a min-
imal extent [7]. Because the reference standard tests are often 
not available for routine clinical use in these settings, it may be 
that an initial evaluation takes place in a more centralized loca-
tion such as a hospital-based outpatient department. However, 
assessments that include the more challenging settings of in-
tended use (ie, L0/1) are essential to investigate robustness and 
ease of use of the triage test by nonlaboratory personnel.

The number and choices of study sites for triage test eval-
uation should ideally be based on the distribution of factors 
that are known, or hypothesized, to lead to variability in triage 
test performance. This will vary according to the specific triage 
test being evaluated, but such factors may include host varia-
bility (eg, immune system status), comorbidities (such as HIV 
coinfection, type-2 diabetes), or environmental conditions 
(such as temperature, humidity, dust, nontuberculous 

mycobacterial exposure) that may vary by geographic location. 
Initial assessments regarding implementation feasibility and 
triage test performance variability would ideally be incorpo-
rated into early diagnostic accuracy studies (and considered at 
the design stage) and subsequently be assessed in greater detail 
in dedicated implementation studies.

INDEX TEST

Triage test evaluation studies should clearly report how the 
index test (the test under investigation) is performed (admin-
istration, interpretation, and setting). Reporting should include 
indeterminate or invalid results and instrument failures. If the 
assay readout is not automated and requires a degree of sub-
jective interpretation (eg, visual reader), cutoffs for positivity 
must be prespecified and readers of index-test results must 
be blinded to results of the reference standard and other tests. 
Interreader reliability also needs to be assessed.

Triage test developers and evaluators will also need to con-
sider special issues pertaining to tests that use machine learning 
techniques to classify patients. Machine learning may be used 
to analyze the results generated from x-ray patterns detected by 
CAD or breath biomarkers to provide a test score. Test scores, 
above which a result is labeled as “test-positive”, are usually 
determined based on fixed probability thresholds. However, 
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some test developers have proposed the use of variable (eg, 
population-specific) thresholds, which will pose regulatory and 
feasibility issues. In either case, prespecification of thresholds 
(whether a single threshold or multiple) is essential for late-
stage studies aiming to provide unbiased estimates of sensitivity 
and specificity, particularly pertaining to tests as they might be 
used in actual practice [44]. It is possible that there will not be 
a single threshold appropriate for all use cases because these 
may be chosen depending on the epidemiological characteris-
tics and resources available in a given healthcare setting where 
triage testing is used. Biomarker-based tests that use probability 
thresholds should prespecify and report the thresholds used.

REFERENCE STANDARD AND COMPARATORS

We recommend that mycobacterial culture (with speciation) 
should be used as the primary reference standard for diag-
nostic test accuracy evaluations of TB triage tests. This should 
be performed on commercial liquid media (MGIT), alone or 
in addition to solid culture (Lowenstein Jensen or Middlebrook 
7H10 or 7H11 agar), in line with the WHO recommendation 
that low- and middle-income countries should implement 
liquid culture systems [45]. However, we suggest that triage test 
diagnostic accuracy results should also be compared with the 
confirmatory test used in practice at a given setting (typically 
Xpert), as has been done in some prior studies [37].

It is conceivable that biomarker-based triage tests de-
tect early or incipient TB [46], which may be culture nega-
tive. For this form of TB and other forms such as pediatric, 
extrapulmonary TB, and TB in PLHIV, sputum is difficult to 
obtain and, even if available, sputum culture alone is an im-
perfect reference standard. Attempts should be made for the 
reference standard to include extrapulmonary sampling. The 
use of a composite reference standard should be considered, 
particularly in populations with a higher likelihood of early, 
incipient, extrapulmonary, and/or paucibacillary disease. 
Follow-up of culture-negative patients that are not started on 
TB therapy empirically should ideally be performed, to detect 
those who may become culture-positive subsequently. In ad-
dition, studies should work with clinicians to standardize the 
approach to deciding when to start empiric therapy using pre-
defined criteria. Researchers may consider the use of several 
reference standards for analysis, for example, using clinical or 
composite reference standards, or more sophisticated estima-
tion approaches such as latent class analysis [47] or sensitivity 
analysis including different reference standards for analysis 
(see also Drain et al, Paper 3).

When conducting diagnostic test accuracy evaluations for 
new TB triage tests, it is also important to consider relevant 
comparator tests (Box 1) when and where available, to deter-
mine the additional contribution of the new test. As mentioned 
earlier, CRP could be considered as a comparator test for triage 
tests designed for PLHIV [37]. Of note, studies comparing the 

diagnostic accuracy of 2 or more tests will require a much larger 
sample size to detect small differences in sensitivity and/or 
specificity.

FLOW AND SPECIMEN ISSUES

Depending on the type of triage test being evaluated, rigorous 
attention to sample type and test throughput should be part of 
the diagnostic test evaluation. Triage testing, as well as refer-
ence standard testing, should ideally be performed on the same 
day and always before treatment initiation because this could 
influence reference standard and index test results. Because 
mycobacterial culture is not typically available at the primary 
settings of intended use, courier systems should be set up such 
that specimens can be transported to the site where reference 
testing can be performed on the same day to minimize bias as 
far as possible.

For nonsputum-based tests, other issues may arise depending 
on the type of specimen, such as blood sample volume 
restrictions, issues with sample storage and biomarker stability, 
and sample transportation. If the triage test is sputum-based, 
considerations may include evaluation of the test performance 
using expectorated versus induced sputum specimens (see also 
Schumacher et  al, Paper 2). In addition, if a test is sputum-
based, performing the index test and reference standard(s) on 
the same specimen enables the most direct comparison of ac-
curacy, although the potentially large sputum volume required 
may be prohibitive (see also Schumacher et al, Paper 2).

KEY ISSUES BEYOND ACCURACY

It is important to emphasize that triage tests are expected to offer 
advantages, such as cost, feasibility, acceptability, and scalability, 
that are not captured by evaluations that solely evaluate accuracy. 
The primary advantage of a triage test is that it would expand TB 
diagnostic test capability to lower levels of the healthcare system 
and allow improved targeting of patients that require confirma-
tory testing. The decision to implement a triage test at the lowest 
levels of the healthcare system or in patients who do not report 
symptoms but have risk factors for TB will depend on its char-
acteristics including feasibility of implementation, cost, and po-
tential variation in test performance. Factors such as access to 
confirmatory testing, and whether this requires transporting 
patients or specimens, will also affect the likelihood of successful 
implementation and impact of a triage test at a given level of 
the healthcare system. For subsequent impact or cost-effec-
tiveness evaluations, complete algorithms should be compared 
(eg, with triage test versus without triage test) [48]. Studies 
looking beyond accuracy and directly evaluating the effects of 
implementing a triage test are important to assess whether ex-
pectations about the impact of triage tests [22] hold in practice. 
Implementation studies should evaluate process indicators that 
may be affected by the use of triage testing such as the number of 
patients presenting with symptoms who undergo triage testing, 
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the number who receive confirmatory testing, the number 
testing positive for TB, and the time to TB diagnosis. It must 
be remembered that improving patient-centered outcomes, such 
as time to effective treatment initiation, treatment completion, 
cure, and mortality (and subsequently population metrics such 
as annual risk of infection), relies on improved linkage to and 
retention in care. More importantly, a nonsputum-based triage 
test such as CRP could also expand the diagnostic net to patients 
who are currently unable to produce sputum, including some 
PLHIV as well as other groups such as children and those with 
extrapulmonary TB, but overall diagnostic yield is limited by the 
performance of existing nonsputum-based confirmatory tests. 
In an ideal setting, a triage test would not serve as a confirm-
atory test in patients unable to produce sputum, but the lack of 
reliable and validated biomarker-based nonsputum diagnostic 

tests remains yet another gap in the TB diagnostic landscape 
(see Drain et al, Paper 3). Avoidance of sputum-based sampling 
in the L0 and L1 healthcare settings may also help to reduce the 
risk of transmission to healthcare workers. Some triage tests 
may point to diagnoses other than TB, for example, CXR-based 
tests may reveal other pulmonary diseases, or a multiplexed 
assay could reveal other diagnoses such as HIV or malaria; 
thus, triage testing could potentially improve diagnosis and pa-
tient care more broadly. Triage testing also has the potential to 
reduce costs, both due to the reduced number of confirmatory 
tests needed as well as the number of triage test-negative patients 
who would not require potential travel to sites where confirma-
tory testing is available. Implementation studies should evaluate 
some of these other potential benefits of the use of triage tests in 
different contexts.

Table 1. Overview of Recommendations for TB Triage Test Diagnostic Accuracy Evaluations Grouped by QUADAS Domains

Topic Recommendation

General Study 
Design

• Use a cross-sectional or cohort study enrolling a consecutive series or random sample of patients who require evaluation for TB (avoid 
using patients with known severe disease or healthy controls, because this introduces spectrum bias and can overestimate test accu-
racy) 

• Banked specimens may play an important role to supplement data collected from prospective evaluations (while recognizing the possi-
bility of spectrum bias) 

• Consider how many reference standard positive and negative samples are required to obtain a precise estimate of the sensitivity and 
specificity respectively (sample size calculations should take into account factors including TB prevalence) 

• Refer to the STARD (Standards for Reporting of Diagnostic Accuracy) guidelines in addition to the more detailed advice pertaining to TB 
triage test evaluation in this article

Population and 
Setting

• Avoid selecting patients in whom TB has already been diagnosed by another test or who have already started on TB treatment 
• For initial studies focus on adults, including PLHIV, who have respiratory symptoms suggestive of TB; subsequent evaluation should in-

clude other key groups such as children and people being evaluated for extrapulmonary TB 
• Studies should potentially enroll patients in the primary settings of intended use, ie, L0: community health outposts, L1: primary health-

care centers, and L2: district hospitals 
• Perform testing (particularly for reference standard because triage test may be a point-of-care assay) in quality assured laboratories; 

followed by testing in settings of intended use 
• Provide stratified accuracy estimates for key subpopulations (by HIV-status, smear-status, presence of comorbidities such as chronic lung 

disease that may present with TB symptoms such as cough)

Index Test • Studies should report the specifics of the triage test under investigation (administration, interpretation, and setting) 
• Indeterminate or invalid results and instrument failures should be reported 
• If a test has a nonautomated readout, blinding is essential to make sure the index test is interpreted independently of the reference test 

or comparators

Reference  
Standard and 
Comparators

• Use automated liquid mycobacterial culture as the primary reference standard 
• Studies may also compare triage tests to the confirmatory test used in practice at the setting where the test is being evaluated (eg, 

Xpert or other WHO-endorsed molecular diagnostic tests), but this should optimally be done in addition to culture 
• Avoid partial or differential verification bias; ie, all those who received the index test should also receive the same reference standard 
• Include clinical case definition, additional measures, as well as follow-up, to understand discordant (triage-test-positive, culture-negative) 

results 
• Studies may compare triage tests to other comparator triage tests such as CXR or CRP, but these should be done in addition to the ref-

erence standard

Flow and  
Specimen  
Issues

• Studies should carefully design and report the sample flow and specimen processing 
• The triage test and reference standard should ideally be performed on the same day (and same specimen if the triage test is sputum-

based) 
• For tests that use machine learning techniques, test results may be based on probability thresholds. Prespecification of thresholds 

(whether a single or multiple) is essential for late-stage studies aiming to provide unbiased estimates of sensitivity and specificity

Key Issues Beyond 
Accuracy

• Test characteristics other than diagnostic accuracy, such as cost, feasibility, acceptability, and scalability, are often not captured by 
evaluations that solely evaluate accuracy but are critical and need to be evaluated systematically 

• Implementation studies should evaluate factors such as the testing infrastructure, which includes access to confirmatory testing, and 
whether this requires transporting patients or specimens, as well as test performance in different environments (temperature, humidity, 
dust) 

• Implementation studies should include process indicators that may be affected by the use of triage testing 
• The potential clinical and population level impact of new triage tests needs to be assessed through empirical studies, cost-effectiveness 

evaluations, and modeling, which should compare complete algorithms (eg, with triage test versus without triage test)

Abbreviations: CRP, C-reactive protein; CXR, chest x-ray; HIV, human immunodeficiency virus; PLHIV, people living with HIV; QUADAS, Quality Assessment of Diagnostic Accuracy Studies; 
TB, tuberculosis; WHO, World Health Organization. 
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CONCLUSIONS

A TB triage test has the potential to expand and improve TB 
diagnostic testing and identify at least a subset of the estimated 
3.6 million so-called “missing patients” with TB who are cur-
rently not detected or notified. In this paper, we provide guid-
ance on the design for TB triage test evaluation studies (see 
summary of recommendations in Table 1). Test evaluators 
should ensure that their studies are designed to best answer 
key questions regarding performance in populations and 
settings of intended use, to provide high-quality evidence for 
the development of WHO policy recommendations. Although 
diagnostic test accuracy is a critical step in triage test evalua-
tion, evaluating other aspects of test implementation beyond 
accuracy is also essential. A TB triage test that cannot be easily 
implemented in L0 and L1 settings may have limited impact on 
earlier stages of the patient diagnostic pathway. We acknowl-
edge that designing a triage test algorithm involves an explicit 
assessment of the prior probability of disease and rationaliza-
tion of resources, with consequences for the patient and health 
system. However, an accurate triage test used to determine 
which patients require confirmatory testing, primarily at the 
initial point of contact by patients into the healthcare system, 
could be a critical tool to decrease the TB diagnostic gap.
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