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Executive summary

Globally, one third of all tuberculosis (TB) cases are not notified, and many patients’ samples do not 
undergo drug-susceptibility testing (DST). To achieve the targets for TB prevention, care and control 
that have been agreed for after 2015, new health-system strategies and diagnostic tools are critically 
important (1). The development of target product profiles (TPPs) helps to align the needs of end-users 
with the targets and specifications that product developers should meet for the performance and 
operational characteristics of a test. The meeting convened by the World Health Organization in April 
2014 aimed to build consensus around four TPPs that were identified by stakeholders to be of high 
priority:

•	 a point-of-care non-sputum-based test capable of detecting all forms of TB by identifying 
characteristic biomarkers or biosignatures (known as the biomarker test);

•	 a point-of-care triage test, which should be a simple, low-cost test that can be used by first-contact 
health-care providers to identify those who need further testing (the triage test);

•	 a point-of-care sputum-based test to replace smear microscopy for detecting pulmonary TB (the 
smear-replacement test);

•	 a rapid drug-susceptibility test that can be used at the microscopy-centre level of the health-care 
system to select first-line regimen-based therapy (the rapid DST test).

Stakeholders were surveyed before the meeting to identify high-priority TPPs (2), and a Delphi-like 
process was used to facilitate consensus building around the TPPs. Shortened TPPs (including only 
key characteristics) were sent to invited participants (excluding industry representatives); participants 
were requested to provide a statement reflecting their level of agreement with each of the proposed 
characteristics for each of the TPPs. In total, 47 individuals were asked to participate in this process, of 
which 39 responded (response rate 83%). Prespecified agreement levels were achieved (that is, more 
than 50% of respondents gave a score of at least 4 (that is, mostly or fully agree)) for all characteristics. 
Characteristics for which less than 75% of the respondents agreed or with which a distinct subgroup 
disagreed were discussed at the meeting. 

Further discussions at the meeting led to agreement on all key characteristics of the first three TPPs. 
Extensive discussions on the fourth TPP (for the rapid DST test) led to the consensus that the following 
anti-TB agents should be included in resistance testing at the microscopy level (they are presented in 
order of decreasing priority): 

•	 rifampicin 

•	 fluoroquinolones (including moxifloxacin) 

•	 isoniazid and pyrazinamide, and 

•	 second-line injectable agents (aminoglycosides and capreomycin). 

Optimally, all anti-TB agents would be included, but as a minimum at least rifampicin should be 
included. Discussions about the highest acceptable price of a DST test did not result in an agreement. 

Revised TPPs with suggested improvements are included in this report.
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Background

Globally, one third of all tuberculosis (TB) cases 
are not notified, and many patients’ samples do 
not undergo drug-susceptibility testing (DST) (3). 
The global strategy for TB prevention, care and 
control after 2015 aims at a 95% reduction in TB 
deaths and a 90% reduction in TB incidence by 
2035. To achieve these goals the implementation 
of new health-system strategies and diagnostic 
tools are critically important (1). 

The TB community has expressed the need for 
several additional TB diagnostic tests (4). The 
tests needed include those that can be used for 
triage and screening (5), tests for patients whose 
disease can be difficult to diagnose (such as 
children, HIV-positive patients and patients with 
extrapulmonary TB) (6), a simple point-of-care-test 
for active pulmonary TB (7), a molecular test to 
replace smear microscopy (8) at the microscopy-
centre level of the health-care system, DST (9), 
predictive biomarker tests for latent TB infection 
(10) and tests to monitor treatment (11).

An increasing number of companies have shown 
interest in developing TB diagnostics, and several 
tests are in the pipeline. Partly this interest has 
been triggered by the success of the Xpert MTB/
RIF assay (Cepheid, Sunnyvale, CA, United 
States) (12, 13). For test developers it is important 
to understand which of these products are 
perceived to be the highest priority, the necessary 
performance and operational characteristics of 
the different tests and what the potential market 
size would be for these new tests.

A priority-setting exercise was conducted by 
McGill University and its partners to identify 
which of the diagnostic needs should be the 
highest priority for further TPP development, 
and investment in research and development. 
Predefined expert groups were asked to rank 
nine diagnostic needs (Figure 1) based on the 
following criteria: their prioritization according to 
key stakeholders; the potential impact of the test 
on TB transmission, morbidity and mortality; the 
market potential of the test; and how easy the test 
would be to implement and scale-up.

Figure 1. Diagnostic tests needed, by main indication

Triage test to rule out disease and for systematic screening
Triage test for those seeking care
Test that could be used in an HIV/ART clinic to rule out active TB
Systematic screening test for active case-finding
Rapid TB diagnosis (with optional drug-susceptibility testing)
Rapid, sputum-based cartridge-based molecular test for use in microscopy centres (with the option  
of an add-on DST cartridge-based test)
Rapid biomarker-based instrument-free test for non-sputum samples that could also detect childhood 
TB and extrapulmonary TB
Multiplexed test for TB and other infectious diseases
Next-generation drug-susceptibility test
Centralized, high-throughput drug-susceptibility test incorporating testing for new anti-TB agents  
to support the roll-out of new TB treatment regimens after 2014
Treatment monitoring test 
Test to monitor treatment (to test for cure)
Predictive test for latent TB infection 
Predictive test for latent TB infection in patients at high risk of active TB
HIV, human immunodeficiency virus; ART, antiretroviral therapy.
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The three diagnostic priorities identified were (2):

•	 a point-of-care biomarker-based non-
sputum-based test to detect TB;

•	 a point-of-care test that could be used for 
triage;

•	 a point-of-care sputum-based test that 
could be used as a replacement for smear 
microscopy with the capacity to do DST (at 
the microscopy-centre level).

1.1. Developing target product profiles

Manufacturers need TPPs at an early stage in the 
diagnostic development process to inform the 
targets and specifications for the performance and 
operational characteristics of a test that will also 
meet the needs of end users. At a minimum, the 
TPPs for diagnostic tests should specify the clinical 
purpose of the test, the goal to be met (for example, 
to initiate treatment), the target population that will 
be tested, the level of implementation in the health-
care system, and the intended end-users (4). In 
addition, TPPs should outline the most important 
performance and operational characteristics 
(with the term “minimal” used to refer to the 
lowest acceptable output for a characteristic, 
and “optimal” used to refer to the ideal target 
for a characteristic). The optimal and minimal 
characteristics define a range. Products should 
meet at least all of the minimal characteristics, 
but preferably they would meet as many of the 
optimal characteristics as possible.

For the three key diagnostic needs identified 
by the prioritization exercise, the following TPPs 
were developed by McGill University and the 
Foundation for Innovative New Diagnostics 
(FIND) with input from several stakeholders and a 
technical advisory group (funding was provided 
by the Bill and Melinda Gates Foundation):

•	 a TPP for a point-of-care non-sputum-based 
test capable of detecting all forms of TB 
by identifying characteristic biomarkers or 
biosignatures (referred to as the biomarker 
test);

•	 a TPP for a point-of-care triage test, which 
should be a simple, low-cost test that can be 
used by first-contact health-care providers to 
rule-out TB (referred to as a triage test);

•	 a TPP for a point-of-care sputum-based test 
to be used as a replacement for smear 
microscopy (the smear-replacement test); 
and 

•	 a TPP for rapid drug-susceptibility tests that 
can be used at microscopy centres (referred 
to as a rapid DST test).

The initial TPPs were detailed and tried 
to incorporate information about as many 
characteristics as possible (Annex A). The timeline 
envisioned in the TPPs for the development of the 
tests is 5 years. For several of the characteristics, 
only limited evidence was available and expert 
advice was sought from at least 20 stakeholders 
and technical experts for each of the TPPs 
(Annex A).

In addition to the consultative process that was 
carried out during the preparation of the TPPs, it 
was considered important to bring the TPPs to a 
larger stakeholder audience, including clinicians, 
implementers and representatives of countries 
and national TB programmes, before they were 
finalized. 

To meet this aim, a consensus-gathering meeting 
was organized in April 2014 by the Global TB 
Programme at WHO on behalf on the Global 
Laboratory Initiative and New Diagnostic 
Working Groups of the Stop TB Partnership. For 
the purpose of the meeting on high-priority TPPs, 
key characteristics for each of the TPPs were 
identified in order to shorten the TPPs and to 
facilitate the process of finding consensus on the 
most important characteristics.



10 HIGH-PRIORITY TARGET PRODUCT PROFILES FOR NEW TUBERCULOSIS DIAGNOSTICS

1.2. Delphi process

Before the meeting, a Delphi-like process 
was used to facilitate consensus building. The 
shortened TPPs were sent to all invited participants 
(excluding individuals working in the industry 
in order to avoid possible bias). Participants 
were requested to provide a statement on how 
much they agreed with each of the proposed 
characteristics for each of the TPPs. Agreement 
was scored on a Likert scale ranging from 1 to 
5 (1-disagree, 2-mostly disagree, 3-don’t agree 
or disagree, 4-mostly agree, 5-fully agree). 
Individuals were asked to provide comments 
when they did not agree with a statement (that is, 
when they scored a characteristic at 3 or lower).

To reach consensus it was prespecified that 
more than 50% of respondents should have 
provided a score of at least 4 on the Likert scale 
(indicating that they mostly or fully agreed with a 
characteristic). In total, 47 individuals were asked 
to participate in this process, and 39 responded 
(response rate, 83%). 

Nearly half of respondents were from academia 
or product-development partnerships. About 25% 
of respondents worked for national tuberculosis 
programmes or in TB Supranational Reference 
Laboratories; 13% were implementing partners 
of diagnostic technologies and clinicians. Six 
respondents (15%) worked for donors, funders or 
an international body such as WHO. 

Before the meeting, it had been anticipated 
that two rounds of the Delphi survey would be 
needed, but since predefined consensus for all 
characteristics was reached after the first round, 
no second round was initiated. Characteristics on 
which less than 75% of the respondents agreed, 
or on which a distinct subgroup disagreed, were 
discussed during the meeting with the comments 
that had been provided.

1.3. Consensus meeting

The meeting focused on building further consensus 
around the four high priority TPPs, the intended 
use of the diagnostics, and their performance, 
operational characteristics and pricing. 

Participants represented stakeholders from 
technical and funding agencies, researchers, 
implementers, representatives from countries and 
civil-society organizations, and representatives 
from companies working on the development of 
TB diagnostics (see Annex B and Annex C).



HIGH-PRIORITY TARGET PRODUCT PROFILES FOR NEW TUBERCULOSIS DIAGNOSTICS 11

2. A rapid biomarker-based non-sputum-based test for detecting TB

Presenter: Sandra V. Kik, McGill University, International TB Centre, Montreal, Canada

2.1. Background information

The majority of cases of pulmonary TB are 
diagnosed by sputum-smear microscopy. 
However, smear microscopy has suboptimal 
sensitivity, and children and individuals infected 
with the human immunodeficiency virus (HIV) 
often have difficulty providing good quality 
sputum samples (14–16). From 15% to 25% 
of all TB cases are extrapulmonary TB. The 
diagnosis of extrapulmonary TB is often missed by 
sputum evaluation, and requires invasive sample 
collection (3). While the Xpert MTB/RIF assay is 
more sensitive than sputum smears, it cannot be 
used in the majority of microscopy centres owing 
to the need for a continuous and stable power 
supply to operate the GeneXpert instrument. In 
addition, the type of samples required for the 
Xpert MTB/RIF assay (a sputum specimen or 
extrapulmonary specimens, such as cerebrospinal 
fluid, or samples of lymph nodes or other tissues) 
may be difficult to obtain in peripheral health-care 
settings and from individuals who are suspected 
of having extrapulmonary TB or paucibacillary TB 
(17).

According to the analysis of stakeholders’ 
requirements performed by McGill University, 
the most urgent need is for a rapid biomarker-
based non-sputum-based diagnostic test that 
uses an easily accessible sample and is able to 
accurately diagnose pulmonary TB (and ideally 
also extrapulmonary TB) (2).

Ideally, a biomarker test should be easy to 
perform and implement at health posts, where 
health-care workers with limited training would be 
able to conduct and interpret the test, and where 
standard TB treatment regimens can be initiated. 
Such a biomarker test would conceivably 
increase the number of individuals suspected of 
having TB who are tested as well as the number 

of patients diagnosed with TB. Additionally, if the 
sensitivity of the biomarker test were greater than 
that of smear microscopy for pulmonary TB and 
extrapulmonary TB, this would further add to the 
value of the test. However, when the aim of a 
biomarker test is to replace smear microscopy, 
at a minimum it should be able to accurately 
diagnose most smear-positive cases since these 
are known to contribute most to transmission (18). 
Also, the test would ideally be able to diagnose 
adults and children, and pulmonary TB and 
extrapulmonary TB alike. However, if biomarkers 
or biosignatures for adult TB are suboptimal for 
childhood TB, or different for pulmonary TB and 
extrapulmonary TB, then the need for separate 
products should be considered. 

To be successfully implemented at microscopy 
centres, health posts and primary-care clinics, 
the test should use an easily accessible sample 
(such as urine, blood, or breath condensate). 
Non-sputum-based samples are preferred, both 
for biosafety reasons and because of the stigma 
associated with TB. 

The simpler, more portable and more durable that 
the test is, the more likely it is to be implemented 
in peripheral settings. Due to conditions that 
prevail in peripheral settings in countries with a 
high burden of TB, it is necessary that the test 
uses simple sample preparation, has minimal 
operational and maintenance requirements, 
and provides results that are easy to interpret (8) 
(Table 1).
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Table 1. Scope for a biomarker-based diagnostic test for TB as defined prior to Delphi survey

Characteristic Optimal requirements Minimal requirements
Scope

Goal To develop a rapid biomarker-based test that can diagnose pulmonary 
TB and, ideally, also extrapulmonary TB using non-sputum samples 
(such as, urine, blood, oral mucosal transudates, saliva, exhaled air) for 
the purpose of initiating TB treatment during the same clinical encounter 
or on the same day

Target population Target groups are adults and children including those who are HIV-
positive who are suspected of having active TB; this includes both 
pulmonary TB and extrapulmonary TB in countries with a medium 
prevalence to a high prevalence of TB as defined by WHOa

Target user of test Health-care workers with a 
minimum of training

Trained microscopy technicians 

Setting 
(level of the healthcare 
system)

Health posts without attached 
laboratories (a level lower than 
microscopy centres)

Primary health clinics that have 
laboratories; peripheral microscopy 
centres

HIV, human immunodeficiency virus.
a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19).

2.2. Discussion

Table 2 lists the seven key performance and 
operational characteristics of the biomarker test as 
phrased for the Delphi process. The proportions 
of respondents that agreed with the optimal and 
minimal key characteristics as proposed are 
provided together with the most common areas 

of disagreement raised in the Delphi survey. 
For all seven key characteristics the majority of 
respondents (>50%) agreed with both the optimal 
specifications and the minimal specifications . 

During the meeting the discussion focused on 
three characteristics for which there was less than 
75% agreement.
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Table 2. Delphi survey results for seven proposed key characteristics of a rapid biomarker-based non-sputum-based test for detecting TB

Characteristic Optimal requirements % (range) 
agreeing with 
the optimal 
requirements 
for the 
characteristica 

Minimal requirements % (range) 
agreeing with 
the minimal 
requirements 
for the 
characteristica 

Comments

1 Diagnostic 
sensitivity for 
pulmonary TB  
in adults

Sensitivity should be ≥ 98% for 
smear-positive culture-positive 
pulmonary TB, and ≥ 68% for 
smear-negative, culture-positive 
pulmonary TB in adults (that is, 
similar to the sensitivity of the Xpert 
MTB/RIF assay); overall pooled 
sensitivity should be ≥ 80% in adults 
with HIV infection 

90% 
(75–91%)

Overall sensitivity should 
be > 65%, but should be 
> 98% among patients with 
smear-positive culture-positive 
pulmonary TB (that is, it 
should be similar to smear 
microscopy)

95%
(79–96%)

Optimal: sensitivity should be 
higher (better than the Xpert 
MTB/RIF assay)
Minimal: if the test had 
sensitivity < 65% it could 
still be extremely useful 
when combined with smear 
microscopy

2 Diagnostic 
sensitivity for 
extrapulmonary  
TB in adults

Sensitivity should be ≥ 85% 
in lymph node aspirates or 
tissue; sensitivity should be 
≥ 80% in cerebrospinal fluid for 
microbiologically confirmed TB (that 
is, sensitivity should be equal to that 
of the Xpert MTB/RIF assay) 

85% 
(70–87%)

No lower range of sensitivity 
was defined

69%
(57–74%)

Optimal: participants 
commented that sensitivity 
should not be defined since 
it will depend on the type of 
sample
Minimal: a minimal sensitivity 
should be defined and should 
be at least that of Xpert MTB/
RIF for the most common forms 
of extrapulmonary TB)

3 Diagnostic 
sensitivity  
in children

Sensitivity for childhood 
intrathoracic TB should be ≥ 66% 
for microbiologically confirmed TB 
(that is, equal to the sensitivity of the 
Xpert MTB/RIF assay)

85% 
(70–87%)

No lower range of sensitivity 
was defined

72% 
(60–77%)

Optimal: some participants 
thought that the sensitivity 
should be higher than that of 
Xpert MTB/RIF
Minimal: some participants 
thought that a minimal 
sensitivity should be defined 
and should be at least similar 
to Xpert MTB/RIF
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4 Diagnostic 
specificity

Should be at least as specific as the 
Xpert MTB/RIF assay for detecting 
pulmonary TB, extrapulmonary 
TB and childhood TB (that is, the 
test should have 98% specificity 
against a microbiological reference 
standard); the test should be able to 
distinguish between active TB and 
latent or past infection

92%
(77–94%)

Specificity should be as 
described for the optimal 
value 

87% 
(72–89%)

Minimal: there should be 
a difference between the 
optimal and minimal values. 
The minimal specificity may 
be lower, but it should be 
considered with the test’s 
sensitivity

5 Time to result < 20 minutes including time spent 
preparing the sample

97%
 (81–98%)

< 1 hour including time spent 
preparing the sample

85% 
(70–87%)

Minimal: comments about 
this value were diverse; both 
shorter and longer times until 
results were proposed

6 Maintenance and 
calibration

Disposable, no maintenance 
required

97% 
(81–98%)

Preventative maintenance 
should not be needed until  
after 1 year or > 1 000 
samples; only simple tools and 
minimal expertise should be 
required; an alert to indicate 
when maintenance is needed 
should be included; the 
instrument should be able to 
be calibrated remotely or no 
calibration should be needed

90% 
(75–91%)

Minimal: even minimal 
maintenance requirements 
may be challenging in many 
peripheral health-care settings 

7 Price of 
individual test 
(cost of reagent 
and consumables 
only; after scale-
up; ex-works 
[manufacturing costs 
only, excluding 
shipping])

<US$ 4.00 74% 
(62–79%)

<US$ 6.00 77% 
(64–81%)

Optimal: the price is too high

Minimal: comments about 
pricing were diverse; the price 
was considered both too high 
and too low by respondents; 
the price of an individual test 
should be considered together 
with other test characteristics

HIV, human immunodeficiency virus.
a A range was calculated assuming that non-respondents would either all agree (high margin) or disagree (low margin) with the proposed characteristic.
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2.3. �Sensitivity for detecting 
extrapulmonary TB in adults

In the proposed TPP, no minimal threshold 
was defined for the sensitivity of diagnosing 
extrapulmonary TB in adults. The main reason 
for this omission was that data to support an 
evidence-based threshold for a minimal sensitivity 
were limited, and any added sensitivity would 
in fact be better than what is achieved by 
smear microscopy. During the discussion the 
point was made that the wording in the TPP for 
this characteristic has the risk of not sufficiently 
emphasizing the benefits to individual patients 
that would result from a test that is able to 
diagnose extrapulmonary TB. The importance of 
this was emphasized even though the population-
level impact of detecting extrapulmonary TB is 
limited because it generally does not result in 
transmission. It was also mentioned that a test 
for extrapulmonary TB should be able to detect 
all forms of extrapulmonary TB, not only those 
included in WHO’s policy update on the use of 
Xpert MTB/RIF (that is, it should be able to detect 
TB in samples from lymph nodes, other tissues, 
cerebrospinal fluid and pleural fluid), and that the 
reference standard should be clarified (17).

The TPP was revised to highlight the importance 
of detecting extrapulmonary TB, and a footnote 
was added to clarify the reference standard for 
determining the accuracy of the test. 

2.4. �Sensitivity for detecting childhood 
TB

In the TPP no minimal sensitivity was proposed for 
diagnosing TB in children. The main reason for 
this omission was because unpublished modelling 
data have shown that over a 10-year timeframe, 
an improved test for detecting pulmonary TB in 
adults would have a greater population-level 
impact on mortality from childhood TB than 
would a test that specifically targeted TB in 
children (C. Denkinger et al, unpublished data, 
2013). Ideally, however, a test would improve 
the diagnosis of TB in both adults and in children 

because the individual-level impact on mortality 
of a test for childhood TB is more immediate. The 
revised wording in the TPP highlights the benefits 
to individual patients that would result from a test 
that is able to diagnose childhood TB. It was also 
noted that current tests for biomarkers (such as 
lipoarabinomannan, or LAM) generally perform 
better in adults than in children. This might make 
separate tests necessary for children and adults.

For optimal sensitivity it was suggested that it 
is important to specify the reference standard 
against which the performance of a test for 
childhood TB will be assessed. This information 
was included in a footnote.

2.5. Price of the test

In order to inform the discussion on pricing, 
the results of a continuing study on costs and 
affordability (A. Pantoja et al, unpublished data, 
2014) were presented at the meeting. This 
analysis has shown that compared with 2014 
spending on TB diagnosis in three countries 
(India, Kenya and the Russian Federation), a test 
at the minimal price target (US$  4.00) would 
be affordable in those countries, assuming that 
no confirmatory testing would be needed. At 
the higher cost (US$  6.00), the test would be 
affordable only in the Russian Federation. A test 
was considered affordable if it did not result 
in a higher proportion of a current TB budget 
being spent on TB diagnostics using the current 
diagnostic algorithm. 

It was concluded that a test needed to be 
affordable (that is, within the limitations of a 
programme’s current budget). However, the 
TPP is developed for a 5-year timeframe and, 
therefore, it might not be worthwhile to provide 
detailed specifications for a price range at this 
stage. Furthermore, the cost of the test would be 
driven by the types of biomarkers assessed and 
the number of markers included in the test. 

One additional comment made was that the 
costs of the biomarker test should not be more 
than the current alternative (that is, smear 
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microscopy). However, while costs for reagents 
and consumables for smear microscopy might 
be cheaper, the overall costs, including the costs 
of quality assurance, may come close to the 
minimum cost suggested for the biomarker test. 
If the biomarker-based test were simple enough 
that it did not require substantial external quality 
assurance, then it would result in savings.

In conclusion, there was general agreement on 
the importance of having an affordable test and 
on the price range provided in the revised TPP 
(Table 3).

2.6. Other comments

Additional points made during the discussion are 
summarized here. 

First, participants pointed out that there was no 
mention of a minimal sensitivity for diagnosing 
pulmonary TB in patients coinfected with HIV. 
Wording was added to improve the completeness 
of the description. 

Second, a biomarker-based test might be able 
to diagnose earlier stages of disease than culture 
does. This will be captured only if a composite 
reference standard is used.

Third, requirements for higher operating 
temperatures than the maximum of 45 °C that was 
incorporated into the TPP should be considered 
(in Brazil, India and other areas, temperatures 
often reach 50 °C).

Fourth, if the test is introduced by a national TB 
programme at levels of the health-care system 
that are below microscopy centres, decentralized 
diagnosis may be possible but patients may still 
need to be referred to start treatment unless links 
to treatment can be established.

Additionally, the ability to perform multi-analyte 
testing for different diseases on one platform 
would be considered an important advantage.

Table 3. Revised target product profile (TPP) for a rapid biomarker-based non-sputum-based test to 
detect TB, using input from a Delphi survey and discussions at a consensus meeting, 2014

Characteristic Optimal requirements Minimal requirements
Scope

Goal To develop a rapid biomarker-based test that can diagnose 
pulmonary TB and optimally also extrapulmonary TB using non-
sputum samples (for example, urine, blood, oral mucosal transudates, 
saliva, exhaled air) for the purpose of initiating TB treatment during 
the same clinical encounter or on the same day

Target population Target groups are adults and children including those who are HIV-
positive and suspected of having active pulmonary TB or extrapulmonary 
TB in countries with a medium prevalence to a high prevalence of TB as 
defined by WHOa

Target user of test b Health-care workers with a 
minimum of training

Trained microscopy technicians 

Setting 
(level of the healthcare 
system)

Health posts without attached 
laboratories (that is, levels below 
microscopy centres) or higher levels 
of the health-care system

Primary health-care clinics with 
attached laboratories; peripheral 
microscopy centres or higher levels 
of the health-care system
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Performance characteristics

Diagnostic sensitivity  
for pulmonary TB  
in adultsb

Sensitivity should be ≥ 98% for 
smear-positive culture-positive 
pulmonary TB, and ≥ 68% for 
smear-negative culture-positive 
pulmonary TB in adults (that is, 
sensitivity should be similar to that 
of the Xpert MTB/RIF assay)
Overall pooled sensitivity should be 
≥ 80% in adults with HIV infection

Overall sensitivity should be ≥ 65% 
but should be > 98% among 
patients with smear-positive culture-
positive pulmonary TB (that is, 
sensitivity should be similar to that of 
smear microscopy)
Overall pooled sensitivity should be 
better than the sensitivity of smear 
microscopy in adults with HIV 
infection

Diagnostic sensitivity  
for extrapulmonary TB  
in adults

Ideally, sensitivity should be ≥ 80% 
for all forms of microbiologically 
confirmed extrapulmonary TBc,d

Diagnosis of extrapulmonary TB is 
an important need, and a test that 
can diagnose extrapulmonary TB in 
addition to pulmonary TB will have 
significant benefits for individual 
patients; additionally, it is likely to 
be better accepted in the community 
of care providers.
No lower range of sensitivity was 
defined

Diagnostic sensitivity  
in children

Sensitivity for childhood 
intrathoracic TB should be ≥ 66% 
for microbiologically confirmed TB 
(that is, similar to the sensitivity of 
the Xpert MTB/RIF assay)e

Diagnosis of childhood TB is an 
important need, and a test that 
improves the diagnosis of TB in 
children will have significant benefits 
for individual patients; additionally, 
it is likely to be better accepted in 
the community of care providers.
No lower range of sensitivity was 
defined

Diagnostic specificityb At least as specific as the Xpert MTB/RIF assay for detecting pulmonary 
TB, extrapulmonary TB and childhood TB (that is, the test should have 
98% specificity when compared against a microbiological reference 
standard); the test should distinguish between active TB and latent or 
past infection

Operational characteristics

Sample type Not invasive or minimally invasive, non-sputum samples (such as, urine, 
blood, oral transudates, saliva, exhaled air)

Manual preparation of 
samples (steps needed 
after obtaining sample)

Sample preparation should be 
integrated or manual preparation 
should not be required

A limited number of steps only; 
precise measuring should not be 
needed for any step (such as precise 
measuring of volumes or time)

Time to result b < 20 minutes including time spent 
preparing the sample

< 1 hour including time spent 
preparing the sample
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Instrument and power 
requirement

No instrument needed Small, portable or hand-held 
instrument (weighing < 1 kg) that 
can operate on battery or solar 
power in places where power 
supplies may be interrupted

Maintenance and 
calibrationb

Disposable, no maintenance 
required

Preventative maintenance should 
not be needed until after 1 year or 
> 1 000 samples; only simple tools 
and minimal expertise should be 
required; an alert to indicate when 
maintenance is needed should be 
included; the instrument should be 
able to be calibrated remotely or no 
calibration should be needed

Operating temperature 
and humidity level

Between +5 °C and +50 °C with 
90% humidity

Between +5 °C and +40 °C with 
70% humidity

Result capturing, 
documentation, data 
display

An instrument-free test with the 
ability to save results using a 
separate, attachable reader

The test menu must be simple to 
navigate; the instrument should 
have an integrated LCD screen, 
simple keypad or touch screen, 
and the ability to save results 
using either the instrument or a 
separate reader 

Internal quality control Internal controls should be included 
for processing the sample and 
detecting TB

Internal control included only for 
processing the sample

Pricing

Price of individual test b 

(costs of reagents and 
consumables only; 
after scale-up; ex-works 
[manufacturing costs only, 
excluding shipping])

< US$ 4.00 < US$ 6.00

HIV, human immunnodeficiency virus; LCD, liquid crystal display.
a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19).
b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a 
Delphi survey.
c The sensitivity for detecting extrapulmonary TB should also be tested against a composite reference standard that includes culture 
with or without a nucleic acid amplification test, histology, smear microscopy, biochemical testing, presenting signs, and response 
to treatment with anti-TB therapy, depending on site of infection. Xpert MTB/RIF testing has an estimated sensitivity for diagnosing 
TB of 84% for lymph node aspirates or other tissue samples, and 55% sensitivity for samples of cerebrospinal fluid, when compared 
with a composite reference standard, but Xpert MTB/RIF testing requires invasive samples (17).
d Xpert MTB/RIF has an estimated sensitivity for microbiologically confirmed TB of 85% for detecting TB in lymph node aspirates or 
other tissue samples, 80% for cerebrospinal fluid, and 44% for pleural fluid but testing requires invasive samples (from aspiration, 
biopsy, lumbar puncture or thoracentesis).
e The test’s sensitivity in children should be evaluated against a composite reference standard as defined by an international panel 
of experts (6).
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3. �Community-based triage or referral test for identifying people 
suspected of having TB

Presenter: Claudia Denkinger, FIND, Geneva, and McGill University, Montreal, Canada

3.1. Background information

The Xpert MTB/RIF assay has greater accuracy 
in diagnosing active TB than sputum-smear 
microscopy, and it is being rolled out in more than 
90 countries around the world (13). However, 
the placement of the GeneXpert instrument in 
peripheral settings is limited by a lack of sufficient 
infrastructure (such as a stable power supply) and 
by extreme environmental conditions (20).

In most countries with a high burden of TB, 
2 weeks of cough is widely used to define 
individuals suspected of having active pulmonary 
TB who require diagnostic testing. However, 
the prevalence of TB among these patients 
is relatively low (21). Since most individuals 
suspected of having TB do not have TB, a triage 
test could help narrow the population that needs 
costly confirmatory testing.

A triage test needs to be a simple low-cost test 
that can be used by first-contact providers in the 
community (such as community health workers) to 
rule out TB (that is, to identify people who are 
triage-test negative) and direct individuals who 
require further evaluation (that is, those who are 
triage-test positive) to a confirmatory test (such 
as the Xpert MTB/RIF assay or similar molecular 
test) (Table 4). Triage testing could take place at 
the same level of care as confirmatory testing, 
especially in settings that see a large number of 
patients (such as outpatient clinics), but typically a 
triage test is conceived to be used at lower levels 
of care (for example, at the microscopy-centre 
level and below).

Ideally, the sensitivity of a triage test would be as 
good as that of the confirmatory test. However, 
if a triage test is done at lower levels of care, 
or if it is easier to use than a confirmatory test 

and more people suspected of having TB will be 
tested, then the test might increase the number of 
TB patients identified even if its sensitivity were 
lower than that of the confirmatory test. There 
are no data that can provide information on this 
trade-off between sensitivity and ease of use, and 
on the impact of lower sensitivity.

A triage strategy that reduces the use of expensive 
tests and potentially tests more patients could 
benefit patients and health systems. It may reduce 
costs for the programme and the workload of 
health-care staff, and may increase the number 
of patients who are identified as having TB (5).

The specificity required must consider the 
prevalence of TB in the population tested. The 
prevalence of TB among individuals who seek 
care and testing in the community is likely to be 
lower (estimated to be less than 5%) than that 
among individuals who seek care and testing in 
clinics or health posts (estimated to be less than 
10%). Therefore, when testing in the community a 
test with a higher specificity is necessary in order 
to achieve a sufficiently high post-test probability 
that justifies referral (for example, when there is 
a 5% prevalence among people seeking care, if 
a test with 95% sensitivity and 80% specificity is 
used then the post-test probability after a positive 
triage test is 24%). A test with low specificity 
(resulting in a high number of false-positive results) 
may jeopardize the motivation of patients and 
health-care workers to act on a positive result.

To be successfully implemented at the community 
level, a test would ideally use an easily 
accessible sample (for example, urine or blood 
from a finger-stick). The simpler, more portable 
and more durable the test is, the more likely it will 
be implemented in peripheral settings. Ideally, 
the test would not require a device or the device 
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would be battery operated or not require power 
(8, 20). The ideal time to result (including sample 
preparation and processing time) has not been 
studied, and might vary significantly between 
countries and between settings where patients are 
tested; however, a rapid test will be more likely 
to be integrated into the workflow and result in a 
decision being made during the same visit.

Furthermore, it will be essential that only simple 
tools and minimal expertise are necessary for both 
operation and maintenance since the expertise of 
operators might be limited. An internal quality 
control needs to be included in the test (22). 
Given the expected environmental conditions in 
endemic countries, tolerance of high temperatures 
and humidity is also required (8, 20).

Table 4. Scope for a triage test for detecting TB as defined prior to Delphi survey

Characteristic Optimal requirements Minimal requirements
Scope

Goal To develop a test that can be used 
at the entry point to the health-
care system to identify patients 
with signs and symptoms of active 
TB including those who may be 
coinfected with HIV, those who 
do not have TB and those in need 
of referral for further confirmatory 
testing

To develop a test that can be used 
at the entry point to the health-care 
system to identify patients with signs 
and symptoms of active pulmonary 
TB, including those who may be 
coinfected with HIV, those who 
do not have TB and those in need 
of referral for further confirmatory 
testing

Target population Target groups are adults and 
children with signs and symptoms 
of active TB at any site in countries 
with a medium prevalence to a high 
prevalence of TB as defined by 
WHOa

Target groups are adults and 
children with signs and symptoms 
of active pulmonary TB in countries 
with a medium prevalence to a high 
prevalence of TB as defined by 
WHOa

Target user of test Community health workers who 
have had a minimum of training, 
and informal providers

Health workers trained to the level 
of auxiliary nurses

HIV, human immunodeficiency virus.
a High-prevalence countries are those with >40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with <20 cases per 100 000 population (19).

3.2. Discussion

Table 5 lists the six key performance and 
operational characteristics of the triage test as 
they were phrased for the Delphi process. The 
proportions of respondents that agreed with 
the optimal and minimal key characteristics as 
proposed are provided together with the most 
common areas of disagreement raised in the 
Delphi survey. For all six key characteristics, the 

majority of respondents agreed with both the 
optimal specifications as well as the minimal 
specifications. 

The discussion focused on the two key operational 
characteristics for which more than 75% 
agreement was reached: the minimal number of 
manual steps required to perform the test and its 
price. 
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Table 5. Delphi survey results for six proposed key characteristics of a community-based triage or referral test for identifying people suspected of having TB

Characteristic Optimal requirements % (range) 
agreeing with 
the optimal 
requirements 
for the 
characteristica 

Minimal 
requirements

% (range) 
agreeing with 
the minimal 
requirements 
for the 
characteristica 

Comments

1 Diagnostic 
sensitivity

Overall sensitivity 
should be >95% 
compared with the 
confirmatory test for 
pulmonary TB; no lower 
range of sensitivity 
was defined for 
extrapulmonary TB

84% 
(66–87%)

Overall sensitivity 
should be >90% 
compared with 
the confirmatory 
test for pulmonary 
TB

81% 
(65–84%)

Several participants commented that considerations of 
sensitivity, specificity and price are interrelated.
One suggestion was that a triage test should have 
higher sensitivity or sensitivity equal to that of the 
confirmatory test. On the other hand, it was commented 
that sensitivity targets might be overambitious and that it 
would be useful to model the effect of a screening test 
that had lower levels of sensitivity. Another comment 
was that if a test could do multiplexed testing for other 
diseases (for example, for HIV or malaria as well) that 
may make a lower sensitivity more acceptable.

2 Diagnostic 
specificitya

Specificity should be 
> 80% when compared 
with the confirmatory test

81% 
(64–85%)

Specificity should 
be > 70% when 
compared with 
the confirmatory 
test

81% 
(64–85%)

One respondent commented that reduced specificity 
would be acceptable only if sensitivity is > 95%. 
Several suggested that the test could be used for triage 
(that is, in patients with symptoms) only in areas where 
the prevalence is typically at least 10 %; for low-
prevalence settings, the positive predictive value would 
be too low as a false-positive rate of 20–30% is too 
high.

3 Manual  
preparation  
of samples (steps 
needed after 
obtaining sample)

Sample preparation 
should be either 
integrated or manual 
preparation should not 
be required (excluding 
waste disposal); precise 
timing and measuring 
should not be required

78% 
(62–83%)

Should require 
only 2 steps 
(excluding waste 
disposal); precise 
timing and 
measuring should 
not be required

73% 
(57–79%)

Minimal: if implemented at the community level, 2 steps 
might be prohibitive and also would require additional 
quality control; Optimally, the same sample would be 
able to be used for a confirmatory test
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4 Maintenance  
and calibration

Device should be 
disposable, and should 
not require maintenance 
or calibration 

86% 
(68–89%)

Preventative 
maintenance should 
not be needed 
until after 1 year 
or 1 000 samples; 
only simple tools 
and minimal 
expertise should be 
required; an alert 
to indicate when 
maintenance is 
needed should be 
included; the device 
should be able 
to be calibrated 
remotely, should 
calibrate itself, 
or no calibration 
should be required

81% 
(64–85%)

Minimal: requiring any maintenance or calibration at 
lower levels of the health-care system is challenging; for 
quality assurance purposes, any maintenance would 
need trained personnel

5 Time to result < 5 minutes 89% 
(70–91%)

< 30 minutes 81% 
(60–85%)

Minimal: 3 respondents suggested that 30 minutes is 
too long for a triage test to be feasible in crowded 
settings; 2 respondents suggested that the minimal time 
requirement should be extended to 1 hour
Optimal: 5 respondents considered 5 minutes to be 
unrealistic and suggested <15 minutes

6 Price of individual 
test (costs of reagents 
and consumables 
only; after scale-
up; ex-works 
[manufacturing costs 
only, excluding 
shipping])

< US$ 1.00 70% 
(55–77%)

< US$ 2.00 62% 
(49–70%)

Minimal: equal numbers of respondents argued that 
price should be higher (highest price suggested was 
US$ 5.00) or lower (lowest price suggested was 
<US$ 1.00).
The differences in price between the minimal and 
optimal requirements were considered too small

a A range was calculated assuming that non-respondents would either all agree (high margin) or disagree (low margin) with the proposed characteristic. 
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3.3. Manual preparation of samples

Manual preparation of samples that takes two 
steps (as described by the minimal scenario) 
was considered to possibly be prohibitive at the 
lower levels of the health-care system where this 
test might be used, and a two-step procedure 
would also require additional quality control. 
Additionally, the confirmatory test would ideally 
use the same sample as the triage test had used 
(that is, confirmatory testing would not require an 
additional visit by the patient or another specimen 
to be collected). However, participants at the 
meeting agreed with the specification as defined 
under ‘minimal’ for the sample preparation, and 
no changes were made to the specifications.

3.4. Price of the test

In order to inform the discussion on pricing, the 
results of an analysis of costs and affordability 
were presented at the meeting (A. Pantoja et al, 
unpublished data, 2014). This analysis has shown 
that a triage test followed by Xpert MTB/RIF as a 
confirmatory test would result in increased spending 
on diagnosing TB in the three countries studied 
(India, Kenya and the Russian Federation), even 
when the triage test would cost only US$ 1.00. 
The results of this affordability analysis contrast with 
data published in 2013 that showed that if triage 
testing were used at the same level of the health-
care system as the Xpert MTB/RIF assay (that is, 
at the district level), it would be cost effective even 
when the triage test costs more than US$ 1.00 (5). 
The differences between the two analyses relate 
to the populations tested: the cost–effectiveness 
analysis assumed that the same patient population 
receives the triage test and the confirmatory test, 
while the affordability analysis assumed that 30% 
more patients would be reached (the additional 
patients would be reached at the health-post level) 
and there is testing for extrapulmonary TB and 
paucibacillary TB.

As shown in the Delphi survey (Table 5), equal 
numbers of respondents suggested a more 
expensive price for the test as suggested a cheaper 
price (the maximum was US$  5.00 versus a 
minimum of less than US$  1.00). However, in 

general it was felt that the triage test should be 
the cheapest of all the tests described in the TPPs, 
and this is reflected in the proposed target price 
in this TPP. There was general agreement with 
the importance of having an affordable test and 
with the price range provided in the revised TPP 
(Table 6).

3.5. Other comments

Other general points that were raised related 
in part to the characteristics specified in the TPP 
that were not part of the Delphi survey. First, it 
was noted that even though it is not specifically 
outlined in the TPP, the triage test should ideally 
maintain its sensitivity in HIV-positive patients. 
Second, in the Delphi survey one respondent 
voiced concern over the ease of interpreting 
a visual display of results and the likelihood 
of variability in interpreting the results among 
readers, noting that both should be considered 
during test development. 

It was suggested that when describing the goal 
of the test, a clarification was needed as to 
which individuals should be tested. For instance, 
if symptom screening (for example, 2 weeks of 
cough) is used as a requirement before testing, 
then this might limit the number of patients tested 
and might still miss people with TB. Therefore, 
several participants suggested specifying that 
individuals with any symptoms suggestive of TB 
or risk factors for TB in the absence of symptoms 
(for example, people with HIV or diabetes) should 
be eligible for testing. The text in the TPP was 
adjusted accordingly.

A triage test should not be confused with a test 
that can be used for screening (active case-
finding). The characteristics of a screening test 
may be considerably different, in particular with 
regard to its specificity. Therefore, it is necessary 
to develop a separate TPP for a screening test.

Another important point was that earlier stages 
of disease and extrapulmonary TB might 
be diagnosed with a biomarker-based test, 
and it might be challenging to differentiate 
between false-positive and true-positive results 
using a microbiological reference standard or 
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confirmatory test. Thus, it is important to consider 
using a composite reference standard that 
includes both clinical and microbiological results.

Lastly, it was mentioned that a prerequisite for 
a triage test should be that patients will have 

access to a good confirmatory test as well (that 
is, it is not sufficient to use smear microscopy as a 
confirmatory test).

Table 6. Revised target product profile (TPP) for a community-based triage or referral test to identify 
people suspected of having TB, using input from a Delphi survey and discussions at a consensus 
meeting, 2014

Characteristic Optimal requirements Minimal requirements

Scope

Goal To develop a test that can be used 
during a patient’s first encounter with 
the health-care system to identify 
patients with any symptoms of or 
risk factors for active TB, including 
patients coinfected with HIV, those 
who do not have TB and those who 
need referral for further confirmatory 
testing

To develop a test that can be used 
during a patient’s first encounter with 
the health-care system to identify 
patients with any symptoms of or 
risk factors for active pulmonary 
TB, including patients coinfected 
with HIV, those who do not have 
TB and those who need referral for 
further confirmatory testing

Target population Adults and children with signs and 
symptoms of active TB at any site in 
countries with a medium prevalence 
to a high prevalence of TB as defined 
by WHO a

Adults and children with signs and 
symptoms of active pulmonary TB in 
countries with a medium prevalence 
to a high prevalence of TB as 
defined by WHO a

Target user of the test b Community health workers and 
informal providers who have had a 
minimum of training

Health workers trained to the level of 
auxiliary nurses

Setting  
(level of the health-care 
system)

Community level or village level or 
higher levels of the health-care system

Health posts and primary-care clinics 
or higher levels of the health-care 
system

Performance characteristics

Diagnostic sensitivity b Overall sensitivity should be > 95% 
when compared with the confirmatory 
test for pulmonary TB c no lower 
range of sensitivity was defined for 
extrapulmonary TB d

Overall sensitivity should be > 90% 
compared with the confirmatory test 
for pulmonary TB c

Diagnostic specificity b Specificity should be > 80% 
compared with the confirmatory test

Specificity should be > 70% 
compared with the confirmatory test

Operational characteristics

Sample type Non-sputum samples (such as urine, 
oral mucosal transudates, saliva, 
exhaled air or blood from a finger-
stick)

Sputum; non-sputum samples are 
preferred (such as urine, oral 
mucosal transudates, saliva, exhaled 
air, or blood from a finger-stick; 
imaging technology
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Manual preparation  
of samples (steps 
needed after obtaining 
sample)

Sample preparation should be 
integrated or manual preparation 
should not be required (excluding 
waste disposal); precise timing and 
measuring should not be required

2 steps (excluding waste disposal); 
precise timing and measuring should 
not be required

Time to result b < 5 minutes < 30 minutes

Instrument and power 
requirement

None Small, portable or hand-held device 
(weighing < 1 kg); should have an 
option for battery power or solar 
power

Maintenance  
and calibration b

Disposable, no maintenance required Preventative maintenance should 
not be needed until after 1 year or 
1 000 samples; only simple tools 
and minimal expertise should be 
required; an alert to indicate when 
maintenance is needed should be 
included; the device should be able 
to be calibrated remotely, should 
calibrate itself, or no calibration 
should be required

Operating temperature 
and humidity level

Between +5 °C and +50 °C with 
90% humidity

Between +5 °C and +40 °C with 
70% humidity

Result capturing, 
documentation and 
data display

An instrument-free test with visual 
readout and with the ability to save 
results using a separate, attachable 
reader

The test menu must be simple to 
navigate; the instrument should have 
an integrated LCD screen, a simple 
keypad or touch screen, and the 
ability to save results using either the 
instrument or a separate reader

Internal quality control Internal controls should be included 
for processing the sample and 
detecting TB

Internal control included only for 
processing the sample

Pricing

Price of individual 
test b (costs of reagents 
and consumables only; 
after scale-up; ex-works 
[manufacturing costs only, 
excluding shipping])

< US$ 1.00 < US$ 2.00

HIV, human immunodeficiency virus; LCD, liquid crystal display.
a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19).
b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a 
Delphi survey.
c The performance characteristics of the triage test need to match those of the confirmatory test that will be used. 
d The sensitivity of the triage test should be compared with the sensitivity of a composite reference standard (that includes culture 
with or without a nucleic acid amplification test, histology, smear microscopy, biochemical testing, presenting signs and response 
to treatment with anti-TB therapy, depending on site of infection) to account for the fact that the test may detect cases of early TB or 
extrapulmonary TB in cases in which a standard microbiological reference standard might not perform well.
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4. �Rapid sputum-based test for detecting TB  
at the microscopy-centre level of the health-care system

Presenter: Claudia Denkinger, FIND, Geneva, and McGill University, Montreal, Canada

4.1. Background information

Although progress has been made in increasing TB 
cure rates, WHO’s latest global report indicates 
that 33% of all TB cases are still not being notified 
(3). Additionally, the incidence of TB decreased 
by only 2% in 2013, and a substantial amount of 
transmission continues to occur (3). 

A rapid, sensitive, easy to perform sputum-based 
test for detecting TB that could replace sputum-
smear microscopy in decentralized settings, 
such as microscopy centres, has the potential 
to improve programmes and patient care in 
two ways. First, it would increase the number of 
patients with TB who are diagnosed and treated 
and thus reduce transmission; and, second, it 
would reduce morbidity because patients would 
be diagnosed and treated earlier (23). A test 
that is available at the level of a microscopy 

centre would leverage the infrastructure that is 
used for smear microscopy. It is conceivable that 
nucleic acid amplification tests (NAATs) or other 
technologies could replace smear microscopy. A 
test that can replace smear microscopy for both 
initial diagnosis and the monitoring of treatment 
(for example, by detecting viable bacteria) would 
be likely to be adopted more widely compared 
with a test that would facilitate only the initial 
diagnosis of TB.

Due to conditions that prevail in microscopy 
centres in countries with a high burden of TB, it 
will be necessary for the test to be robust, require 
simple sample preparation and have minimal 
operational requirements (Table 7). The scale at 
which such a test is adopted will likely depend 
on how well a new product meets the specified 
operational characteristics (8, 20).

Table 7. Scope for a test to replace smear microscopy for diagnosing TB as defined prior to Delphi 
survey

Characteristic Optimal requirements
Scope

Goal To develop a sputum-based test to detect pulmonary TB at the 
microscopy-centre level of the health-care system to support initiation 
of TB therapy during the same clinical encounter or on the same day

Target population Target groups are all patients suspected of having pulmonary TB who are 
able to produce sputum in countries with a medium prevalence to a high 
prevalence of TB as defined by WHOa

Target user of test Health-care workers with a minimum of training

Setting (level of the 
healthcare system)

Microscopy-centre level (that is, primary health-care centres with 
attached peripheral laboratories)

a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19).
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4.2. Discussion

Table 8 lists the seven key performance and 
operational characteristics of the rapid sputum-
based test as they were phrased for the Delphi 
process. The proportions of respondents that 
agreed with the optimal and minimal key 
characteristics as proposed are provided together 
with the main areas of disagreement. For all 
key characteristics, the majority of respondents 

agreed with both the optimal specifications as 
well as the minimal specifications. 

The discussion focused on the price of the test 
since this was the only characteristic for which less 
than 75% agreement was reached. In addition, 
the need to be able to monitor treatment was 
discussed because one subgroup of respondents 
disagreed with the necessity of being able to use 
the test to monitor treatment. Specificity was also 
discussed.
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Table 8. Delphi survey results for seven proposed key characteristics of a rapid sputum-based test for detecting TB at the microscopy-centre level 

Characteristic Optimal requirements % (range) 
agreeing with 
the optimal 
requirements 
for the 
characteristica 

Minimal requirements % (range) 
agreeing with 
the minimal 
requirements 
for the 
characteristica 

Comments

1 Diagnostic 
sensitivity

Sensitivity should be > 
95% for a single test when 
compared with culture (for 
smear-negative cases it should 
be > 68%; for smear-positive 
it should be 99%)

95% 
(77–96%)

Sensitivity should be > 80% 
for a single test when 
compared with culture (for 
smear-negative cases it should 
be >60%; for smear-positive it 
should be 99%)

92% 
(74–94%)

Minimal: the usefulness of a test that 
is less sensitive was questioned; 
2 respondents suggested a sensitivity of 
> 68% for smear-negative TB
Optimal: a sensitivity of 95% 
compared with culture appears to be 
unrealistic

2 Diagnostic 
specificity

Specificity should be > 99% 
for a single test compared 
with culture

97%
(79–98%)

Specificity should be > 99% 
for a single test compared 
with culture

89% 
(72–91%)

Several respondents thought that 99% 
specificity might be too high and 
suggested 98%

3 Possibility of 
using the test 
for treatment 
monitoring 

Yes 97% 
(79–98%)

No 82%
(67–85%)

4 respondents (mostly from high-burden 
countries) highlighted as an essential 
requirement the importance of having a 
test that also could be used to monitor 
treatment (it is currently listed as an 
optimal requirement); one respondent 
suggested that the capability for 
treatment monitoring needs to be 
evaluated in trials separately, and that 
further specifications should be outlined
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4 Manual preparation 
of samples (steps 
needed after 
obtaining sample)

< 2 steps; precise volume 
control and precise timing 
should not be required

95% 
(77–96%)

≤ 3 steps; precise volume 
control and precise timing 
should not be required

79% 
(64–83%)

Optimal: no sample preparation steps 
should be needed (that is, the sample 
would go in, and the result would 
come out)
Minimal: could allow for a maximum 
of 3 steps if no steps require precise 
volume control; In general, it is not so 
much the number but the types of steps 
to be performed 

5 Time to result < 20 minutes 92%
(74–94%)

< 1 hour 92% 
(74–94%)

Minimal: 2 respondents suggested 
that 1 hour would be too long 
for tests performed in the field; 1 
respondent suggested 2 hours would 
be acceptable; the simplicity of the test 
is the key to avoiding batching, or the 
time to result will not matter

6 Maintenance and 
calibration

Preventative maintenance 
or calibration should not be 
needed until after 2 years or 
5 000 samples; only simple 
tools and minimal expertise 
should be required; an alert to 
indicate when maintenance is 
needed should be included; 
the instrument should be able 
to be calibrated remotely or 
should not require calibration

92% 
(74–94%)

Preventative maintenance 
should not be needed 
until after 1 year or 
1 000 samples; only simple 
tools and minimal expertise 
should be required; an alert to 
indicate when maintenance is 
required should be included; 
the instrument should be able 
to be calibrated remotely, 
should calibrate itself, or no 
calibration should be required

92% 
(74–94%)

Optimal characteristics should be 
clarified (too many options are listed)
Optimal: 1 respondent suggested 
that the instrument should not require 
maintenance
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7 Price of individual 
test (cost of reagent 
only; after scale-
up; ex-works 
[manufacturing costs 
only, excluding 
shipping])

< US$ 4.00 for TB detection 76%
(62–80%)

< US$ 6.00 for TB detection 68% 
(55–74%)

Some respondents thought the price 
was too high, and others thought it 
was too low -
Optimal: 5 respondents suggested that 
the price was too high and should be 
< US$ 3.00 (the lowest cost suggested 
is the same as for smear microscopy, 
which is <US$ 1.00); 4 respondents 
considered the price to be too 
low to be realistic and to stimulate 
manufacturers’ interest
One respondent suggested that “we 
should allow a minimal price that is 
higher if we get more for the money, 
but should push for an optimal price 
that is lower”

a A range was calculated assuming that non-respondents would either all agree (high margin) or disagree (low margin) with the proposed characteristic.
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4.3. Specificity

Several respondents stated that a specificity 
of 99% might not be achievable because of 
difficulties with the reference standard. Therefore, 
the specificity target was adjusted to 98%. 

4.4. Treatment monitoring

Despite a high percentage of agreement being 
reached in the Delphi survey on the treatment-
monitoring characteristic, representatives from 
countries with a high burden of TB consistently 
argued that a smear replacement test should 
also be able to be used to monitor treatment in 
order to completely replace smear microscopy. 
Otherwise, two tests would be necessary. 
However, other participants indicated that the 
absence of a capability for monitoring treatment 
did not make a test useless if the test surpasses 
smear microscopy in other aspects. The decision 
was made to leave the characteristic as it is but to 
emphasize the importance of treatment monitoring 
as a competitive advantage.

4.5. Price of the test

In order to inform the discussion on pricing, 
again the results of the continuing study on costs 
and affordability were presented (A. Pantoja et 
al, unpublished data, 2014). This analysis has 
shown that in three countries (India, Kenya and 
the Russian Federation) the use of a replacement 
test for smear microscopy without further 
confirmatory testing would be affordable (that 
is, lead to expenditures from a TB budget on 
diagnostics that were comparable to those of the 
current algorithm) at the optimal cost of US$ 4.00 
per test only in the Russian Federation. The main 
reasons for the higher cost for a replacement test 
for smear microscopy compared with current 
practice were the assumed capital costs for 
the instrument (optimal, less than US$  4000; 
minimal, less than US$ 8000). 

In order to decrease the initial cost and barriers to 
implementation, the cost of a new instrument would 

need to be low, particularly since a large number 
of them would be needed. Several participants 
perceived the capital costs as described in the 
revised TPP as too high (Table 9), especially if the 
cost is per module, given that many instruments 
will be necessary.

Considering that the price for a GeneXpert 
module is around US$  4250 (calculated using 
the price of the four-module instrument) and 
that on average three to five times the number 
of instruments would be needed for a test to be 
implemented at a microscopy centre (compared 
with a district-level hospital where the GeneXpert 
instrument is placed preferentially), the minimal 
cost for a new instrument should be less than 
US$ 1400. The optimal cost would be less than 
US$  500 per module or platform capable of 
performing one test.

During the meeting, general agreement was 
reached on the range of the price per test 
proposed in the TPP. The capital costs were 
revised to reflect the calculations in the preceding 
paragraph.

4.6. Other comments

During the discussion, a couple of additional 
points were made that related in part to 
characteristics that were specified in the TPP but 
were not scored in the Delphi survey. 

Several participants commented on the number 
of manual steps needed to prepare the samples. 
Three steps were considered to be too many for 
implementation at the microscopy-centre level 
since each step would increase error rates and 
the need for quality assurance. The importance of 
not needing to monitor timing precisely and not 
needing to pipette was emphasized.

Several participants suggested that the feasibility 
of performing DST using the same platform would 
be beneficial and would avoid the need to have 
several different platforms for testing. However, 
an improved test for detection would be the most 
important to curb transmission. Additionally, the 
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value of the test would increase and capital costs 
might decrease if the test could also be used to 
identify non-tuberculous mycobacteria or could 
test multiple analytes.

It was suggested that the humidity level under 
which the instrument could operate should be 
increased in the optimal scenario. Up to 90% 
humidity is often reached in the Amazonas state 
of Brazil or in east India. Additionally, operating 
temperatures above 45 °C were also mentioned 

as being relatively common in some regions. 
Therefore, the operating temperature under the 
optimal scenario was increased to 50 °C. 

Requirements for tests might differ substantially in 
urban and rural settings (for example, with regard 
to requirements for daily throughput). As outlined, 
the TPP has tried to ensure applicability to the 
majority of countries with a high burden of TB, 
but there may be specific differences between 
and within countries. 

Table 9. Revised target product profile (TPP) for a test to replace smear microscopy for detecting TB, 
using input from a Delphi survey and discussions at a consensus meeting, 2014

Characteristic Optimal requirements Minimal requirements

Scope

Goal To develop a sputum-based test for detecting pulmonary TB at the 
microscopy-centre level of the health-care system to support the initiation of 
TB therapy during the same clinical encounter or the same day

Target population Target groups are all patients suspected of having pulmonary TB who are 
able to produce sputum, in countries with a medium prevalence to a high 
prevalence of TB as defined by WHO a

Target user of the test b Health-care workers with a minimum amount of training (that is, with skills 
that are similar to or less demanding than those needed for performing 
smear microscopy)

Setting (level of the 
health-care system)

Microscopy-centre level (primary health-care centres with attached 
peripheral laboratories) or higher levels of the health-care system

Performance characteristics

Diagnostic sensitivity b Sensitivity should be > 95% for a 
single test when compared with 
culture (for smear-negative cases it 
should be > 68%; for smear-positive it 
should be 99%)

Sensitivity should be > 80% for a 
single test when compared with 
culture (for smear-negative cases it 
should be > 60%; for smear-positive 
it should be 99%)

Diagnostic specificity b > 98% specificity when compared with culture

Possibility of using 
test for treatment 
monitoring 

Yes: a test that is able to replace 
smear microscopy and also be used 
to monitor treatment is more likely 
to be adopted and more likely to 
completely replace smear microscopy

No

Operational characteristics

Manual preparation of 
samples (steps needed 
after obtaining sample)

 No steps or 1 step; precise volume 
control and precise timing should not 
be required

A maximum of 2 steps; precise 
volume control and precise timing 
should not be required
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Reagent integration All reagents should be contained in a 
single device

A maximum of 2 external reagents 
should be required; these should be 
part of test kit

Data export 
(connectivity and 
interoperability)

Integrated ability for all data to be 
exported (including data on use of the 
device, error rates and rates of invalid 
tests, and personalized, protected 
results) over a USB port and network

Integrated ability for all data to be 
exported (including data on use of 
the device, error rates and rates of 
invalid tests, and non-personalized 
results) over a USB port

Time to result b < 20 minutes < 2 hours

Power requirements Battery operated with recharging capability and a circuit protector

Maintenance and 
calibration b

Preventative maintenance and 
calibration should not be needed until 
after 2 years or 5 000 samples; only 
simple tools and minimal expertise 
should be required; an alert to 
indicate when maintenance is needed 
should be included; the device should 
be able to be calibrated remotely or 
no calibration should be required

Preventative maintenance should 
not be needed until after 1 year or 
1 000 samples; only simple tools 
and minimal expertise should be 
required; an alert to indicate when 
maintenance is needed should be 
included; the device should be able 
to be calibrated remotely, should 
calibrate itself or no calibration 
should be required

Operating temperature 
and humidity level

Between +5 °C and +50 °C with 
90% humidity

Between +5 °C and +40 °C with 
70% humidity

Reagent kit – storage, 
stability, and stability 
during transport

2 years at 0 °C to +50 °C with 90% 
humidity; should be able to tolerate 
stress during transport (72 hours at 
+50 °C); no cold chain should be 
required

12 months at 0 °C to +40 °C 
with 70% humidity; should be able 
to tolerate stress during transport 
(72 hours at +50 °C); no cold chain 
should be required

Internal quality control Full internal process controls are necessary, including controls for sample 
processing and amplification (for NAAT)

Pricing

Price of individual 
test b (costs of reagent 
only; after scale-up; 
ex-works [manufacturing 
costs only, excluding 
shipping])

< US$ 4.00 for detecting TB < US$ 6.00 for detecting TB 

Capital costs  
for instrument b

< US$ 500 per module < US$ 1400 per module

NAAT, nucleic acid amplification test.
a High-prevalence countries are those with >40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with <20 cases per 100 000 population (19).
b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a 
Delphi survey.
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5. Next-generation drug-susceptibility testing at microscopy centres

Presenter: Claudia Denkinger, FIND, Geneva, and McGill University, Montreal

5.1. Background information

Although progress has been made in increasing 
TB cure rates, these gains are threatened by the 
global spread of drug-resistant TB (3). WHO’s 
latest global report indicates that samples from only 
5% of new bacteriologically confirmed TB cases 
and 9% of bacteriologically confirmed retreatment 
cases undergo DST (3). A test that detects both TB 
and resistance to first-line anti-TB agents, and that 
is used at lower levels of the health-care system, 
can aid care providers in choosing the most 
appropriate first-line regimen to use. 

Currently, there is only one first-line regimen, 
which includes isoniazid (INH), rifampicin (RIF), 
pyrazinamide (PZA) and ethambutol (EMB) (the 
regimen is known as HRZE). However, two 
alternative regimens have been evaluated for first-
line therapy in phase II clinical studies (24, 25): 
REMox – that is, RIF, moxifloxacin (MOX), PZA 
and EMB; and PaMZ – that is, Pa824, MOX and 
PZA. If phase III studies show benefits from either 
one or both of these regimens, it is likely that these 
regimens will be introduced and implemented, at 
least initially, in parallel with HRZE. Consequently, 
DST at the microscopy-centre level will be needed 
to aid the choice of first-line regimen, and this TPP 
was designed to be used in this setting (Table 10).

Novel diagnostic tests used at a microscopy 
centre should ideally test for resistance to RIF, INH, 
PZA and MOX to enable the most appropriate 
treatment regimen to be selected.

This prioritization of testing to these for drugs is 
based on an assessment of the importance of 
each anti-TB agent in the three different first-line 
regimens and on the prevalence of resistance.

•	 Testing for resistance to RIF:
– �RIF is a key component of HRZE and 

REMox;

– �RIF is also an indicator drug – if resistance 
to RIF is present, resistance against 
other anti-TB agents is more likely to be 
present; resistance to PZA and INH is 
highly associated with resistance to RIF, 
and resistance to fluoroquinolones (FQs) 
is moderately associated with resistance 
to RIF  – that is, more than 80% of RIF-
resistant strains are also resistant to PZA 
or INH, or both, and 10–30% are also 
resistant to FQs (26–30);

– �the prevalence of resistance to FQs and 
PZA is expected to be less than 3% in most 
countries across all patients presenting for 
testing. The specificity of DST for MOX 
and PZA would have to exceed 99.7% 
to ensure that 90% of positive results 
are true positives in settings where the 
prevalence of resistance to FQs and PZA 
is less than 3%. If DST for MOX and PZA 
is done only when a test is positive for 
resistance to RIF, this stringent specificity 
requirement can be relaxed because 
resistance to RIF increases the pretest 
probability for resistance to additional 
anti-TB agents. Therefore, it is important 
to test for resistance to RIF independently 
of whether RIF is included in the regimen. 

•	 MOX is a key component of REMox, PaMZ, 
and therapy for multidrug-resistant TB (MDR-
TB). Ideally, a test would detect resistance 
across all FQs; however, data on cross-
resistance among FQs are limited, and only 
MOX is included in first-line regimens.

•	 PZA is included in all first-line regimens and 
is a key component of PaMZ.

•	 INH is a key component of HRZE. Although 
modelling data for India show that on a 
population level testing for resistance to 
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INH has minimal incremental value over 
testing for resistance to RIF alone to control 
MDR-TB and INH monoresistance (9), this 
might change as more INH preventative 
therapy is rolled out (10).

Performance characteristics of DST need to be 
optimized but compromises can be made that 
depend on the trade-off between a false-positive 
and a false-negative result.

•	 A compromise on specificity can be made 
if the trade-off for a false-positive result is not 
substantial because alternative regimens 
are available that are effective, safe and 
not too cumbersome. For instance, a true-
negative resistance to RIF with a false-
positive resistance to MOX will lead to a 
treatment decision to use HRZE rather than 
REMox. However, a true-positive resistance 
to RIF with a false-positive resistance to PZA 
would lead to initiation of treatment for 
MDR-TB rather than the use of PaMZ.

•	 A compromise on sensitivity can be made 
if the efficacy of a regimen will not be 
substantially reduced and the likelihood 
of developing additional resistance on a 
suboptimal regimen is limited.

When DST is performed at higher levels of 
care where additional tests for resistance are 
available, DST can aid providers in making 
decisions about second-line therapy. For second-
line anti-TB agents, DST for aminoglycosides 
(AGs) and capreomycin (CAP) would be critical 
to ensure that patients are not treated for MDR-
TB when they have pre-extensively drug-resistant 
(XDR) TB. Modelling data suggest that to attain 
cost effectiveness, a sensitivity of at least 88% 
should be achieved for detecting resistance to 
second-line anti-TB agents (4).

The operational requirements of the test will vary 
depending on the site of implementation. However, 
the most important considerations pertain to 
quality control, maintenance and calibration, 
and the ability to export data. This TPP aimed 
at implementing DST at peripheral levels of the 
health-care system (that is, microscopy centres); 
thus, more challenging minimal operational 
characteristics (such as ensuring an adequate 
power supply) need to be met to successfully 
implement DST at this level than at the centralized 
level (8, 20, 31).

Table 10. Scope for a next-generation drug-susceptibility test for TB to be implemented at the 
microscopy-centre level of a health-care system as defined prior to Delphi survey

Characteristic Optimal requirements Minimal requirements

Scope

Goal Diagnosis of TB disease and detection of  
drug resistance simultaneously using only a  
single reaction to inform decision-making  
about optimal first-line therapy for a patient 
(HRZE, REMox or PaMZ), the presence of 
additional resistance to second-line anti-TB 
agents and the need for further testing

Diagnosis of TB disease using 
only one reaction followed by a 
second reaction to detect drug 
resistance to inform decision-
making about optimal first-line 
therapy (HRZE, REMox or PaMZ) 
and the need for further testing

Target population Target groups are all patients suspected of having TB, with a special focus 
on those at high risk of morbidity and mortality from drug-resistant TB, such as 
people living with HIV, and those at high risk of having MDR-TB (for example, 
household contacts of patients diagnosed with MDR-TB, and persons with a 
history of TB, especially those for whom first-line therapy has failed) in countries 
with a medium prevalence to a high prevalence of TB as defined by WHO a
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Lowest setting of 
implementation 
(level of the health-
care system)

Microscopy-centre level Microscopy-centre level

HRZE, isoniazid , rifampicin, pyrazinamide, ethambutol; REMox, rifampicin, moxifloxacin, pyrazinamide, ethambutol; PaMZ, 
Pa824, moxifloxacin, pyrazinamide; MDR-TB, multidrug-resistant TB; HIV, human immunodeficiency virus.
a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19). 

5.2. Discussion

Table 11 lists the key performance and 
operational characteristics of next-generation DST 
capable of being implemented at the microscopy-
centre level of the health-care system as they were 
phrased for the Delphi process. The proportions 
of respondents that agreed with the optimal and 
minimal key characteristics as proposed are 
provided together with the most common areas 
of disagreement raised in the Delphi survey. For 
all key characteristics the majority of respondents 
agreed with both the optimal specifications as 
well as the minimal specifications.

As a result of concerns and disagreements 
expressed through the Delphi process, the 
following topics were prioritized for discussion:

•	 the priority of the anti-TB agents to be tested 
under the optimal and minimal scenarios; 
more than 75% of respondents agreed with 
the proposals but several concerns were 
raised during the Delphi process; thus, it 
was considered important to discuss this 
critical aspect of the TPP;

•	 the diagnostic sensitivity (less than 75% of 
respondents agreed on this characteristic); 

•	 the price per test (less than 75% of respondents 
agreed on the minimal requirement).
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Table 11. Delphi survey results for proposed key characteristics of a next-generation drug-susceptibility test for TB to be used at peripheral microscopy centres 

Characteristic Optimal  
requirements

% (range) 
agreeing with 
the optimal 
requirements 
for the 
characteristica 

Minimal  
requirements

% (range) 
agreeing with 
the minimal 
requirements 
for the 
characteristica 

Comments

1 Priority 
of anti-TB 
agents for 
testing

In order of 
decreasing 
importance:
1. RIF
2. FQs
3. PZA
4. INH
5. AG and CAP 

87%
(72–89%)

In order of decreasing 
importance: 
1. RIF
2. MOX

85% 
(70–87%)

Minimal: 4 respondents suggested the order (1) RIF, (2) MOX, (3) 
INH; 3 respondents favoured including PZA
Optimal: One respondent suggested that considering timelines for 
regimen roll-out and the 5-year timeframe for the TPP, a more objective 
priority list for DST assays intended to be used at microscopy centres is 
(1) RIF, (2) MOX, (3) INH, (4) AG and CAP, (5) PZA.
One respondent questioned whether it was realistic to include PZA 
under optimal.
One respondent stated that priority should be given to bactericidal 
agents or sterilizing agents over static drugs.
One respondent suggested that the test should detect resistance to 
all FQs and not be restricted only to MOX if REMox turns out to be 
unsuccessful (LVX is more widely used than MOX).
One participant commented that the focus should be more on status 
quo and not on hypothetical regimens that might get rolled out.
One respondent suggested that new drugs should be included such as 
bedaquiline and delaminid.

2 Diagnostic 
sensitivity  
of DST

Should have >95% 
sensitivity for detecting 
resistance to RIF, FQ, 
PZA, INH and AGs 
when compared with 
phenotypic liquid 
culture DST

79% 
(66–82%)

Should have >95% 
sensitivity for 
detecting resistance 
to RIF and >90% 
sensitivity for 
detecting resistance 
to MOX when 
compared with 
phenotypic liquid 
culture DST

72% 
(60–77%)

Several respondents suggested that the optimal requirements are 
unrealistic, especially for PZA and INH.
The requirement for >95% sensitivity for AG and CAP will be hard to 
meet without affecting the specificity according to one respondent. 
In relation to the reference standard, the new test should at least reach 
the sensitivity for clinically relevant resistance – that is, the higher values 
for minimum inhibitory concentrations.
Independent of the sensitivity specifications here, several respondents 
reiterated their disagreement with the priority list for testing anti-TB 
agents.
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3a Diagnostic 
specificity 
of DST 
compared 
against 
phenotypic 
DST

Should be ≥98% for 
any anti-TB agent 
for which the test 
is able to identify 
resistance irrespective 
of the prevalence of 
underlying resistance; 
the estimates of 
specificity for 
molecular tests when 
compared with 
phenotypic testing as 
a reference standard 
might be falsely low 
since the reference 
standard has limited 
sensitivity

92% 
(77–94%)

Should be ≥98% for 
any anti-TB agent 
for which the test 
is able to identify 
resistance irrespective 
of the prevalence of 
underlying resistance; 
the estimates of 
specificity for 
molecular tests when 
compared with 
phenotypic testing as 
a reference standard 
might be falsely low 
since the reference 
standard has limited 
sensitivity

90% 
(74–91%)

Optimal: 98% specificity requirement might be hard to meet for 
PZA and probably also for the second-line injectable agents 
(AGs and CAP).
The requirements should not make statements about imperfect 
reference standards but should instead specify what the 
reference standard is.
A respondent noted that the profile could opt for lower 
specificity in higher prevalence settings; a respondent asked 
whether there could be a profile for two different prevalence 
settings.
One respondent stated for AGs and CAP there is a critical 
trade-off with sensitivity.
Another respondent suggested that the ability to rule out (that 
is, have high sensitivity) seems important given the high levels 
of toxicity associated with treatment with second-line anti-TB 
agents, but clinicians may think otherwise 

3b Diagnostic 
specificity 
for DST 
against 
genetic 
sequencing

Should be ≥99.7% for 
any anti-TB agent for 
which the test is able 
to identify resistance 
if the prevalence 
of underlying 
resistance is <3%; 
if the prevalence of 
resistance is ≥20% 
(as determined using 
resistance to RIF as an 
indicator or by testing 
only high-risk patients), 
specificity of >97% is 
sufficient to achieve 
a positive predictive 
value of 90%

87% 
(72–89%)

Should be ≥99.7% for 
any anti-TB agent for 
which the test is able 
to identify resistance 
if the prevalence 
of underlying 
resistance is <3%; 
if the prevalence of 
resistance is ≥20% 
(as determined using 
resistance to RIF as an 
indicator or by testing 
only high-risk patients), 
specificity of >97% is 
sufficient to achieve 
a positive predictive 
value of 90%

84% 
(70–87%)

Participants commented that we should understand the likely 
sensitivity and specificity of the reference standard for genetic 
sequencing relative to phenotypic testing and then require the 
new test to have a certain accuracy relative to the reference 
standard for genetic sequencing 
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4 Operating 
temperature 
and 
humidity 
level

+5 °C to +45 °C with 
70% humidity

95%
(79–96%)

+5 °C to +40 °C with 
70% humidity

90%
(74–91%)

Minimal: several experts suggested that the temperature should 
be +45 °C; 1 respondent mentioned that a lower temperature 
(+30 °C) would be acceptable for microscopy centres in most 
endemic settings

5 Time to 
result

< 30 minutes 85% 
(70–87%)

< 2 hours 79% 
(66–83%)

Participants commented that if DST is done only in cases with 
confirmed TB (a 2-step approach), they would be willing to 
wait longer than 30 minutes
Minimal: could be a range between 2 hours and 24 hours
Optimal: might be unachievable

6 Data 
analysis

Integrated data 
analysis (no 
requirement for a 
PC); exported data 
should be capable of 
being analysed on a 
separate or networked 
PC

97%
(81–98%)

Integrated data 
analysis (no 
requirement for a 
PC); exported data 
should be capable of 
being analysed on a 
separate or networked 
PC

87% 
(72–89%)

Participants commented that they must be able to see raw data, 
although this may not be a critical aspect because it raises the 
need for an electronic device
Minimal: might be reasonable to require a PC for integrated 
data analysis; some asked whether we want to force DST to be 
better than Xpert MTB/RIF in its minimal characteristics

7 Data export Integrated ability 
for all data to be 
exported (including 
data on use of the 
device, error rates and 
rates of invalid tests, 
and personalized, 
protected results) over 
a USB port and over a 
mobile phone network

94%
(79–95%)

Integrated ability 
for all data to be 
exported (including 
data on use of the 
device, error rates and 
rates of invalid tests, 
and non-personalized 
results) over a USB 
port

86%
(72–88%)

Minimal: it would be acceptable to tolerate print-outs from 
or uploads to other computers; requirement should include 
transmissibility of data; should include exporting personalized 
data to a web link or to third-party devices
Optimal: should include Internet connectivity, which is important 
for quality assurance 
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8 Maintenance 
and 
calibration

Preventative 
maintenance should 
not be needed until 
after 2 years or 
> 5 000 samples; 
an alert to indicate 
when maintenance 
is needed should 
be included; the 
instrument should be 
able to be calibrated 
remotely or should not 
require calibration

100%
(84–100%)

Preventative 
maintenance should 
not be needed 
until after 1 year 
or 1000 samples; 
an alert to indicate 
when maintenance 
is needed should 
be included; the 
instrument should be 
able to be calibrated 
remotely or should not 
require calibration

95% 
(79–96%)

No comments

9 Internal 
quality 
control

Full process controls 
are necessary, 
including controls for 
sample processing, 
amplification and 
detection of TB

92%
(77–94%)

Full process controls 
are necessary, 
including controls for 
sample processing, 
amplification and 
detection of TB

87%
(72–89%)

No comments

10 Price of 
individual 
test

<US$ 10.00 for TB 
detection and DST

90% 
(74–91%)

<US$ 45.00 for DST 
only

64% 
(53–70%)

Minimal: respondents said that the price needed to be lower; 
respondents also commented that testing for resistance to FQs 
should be considered as a reflex test after testing for resistance 
to RIF to reduce cost; US$ 45.00 is not a sustainable price
Optimal: 1 respondent said that the optimal price was too high; 
1 respondent asked what the industry could achieve and what 
countries could afford? A participant noted that the technical 
and operational specifications are directly proportional to costs 
so trade-offs will need to be made 

Capital 
costs for 
instrument

US$ 5000 US$ 14 000

DST, drug-susceptibility testing; RIF, rifampicin; FQ, fluoroquinolone; PZA, pyrazinamide; INH, isoniazid; AG, aminoglycoside; CAP, capreomycin; LVX, levofloxacin; PC, personal computer.
a A range was calculated assuming that non-respondents would either all agree (high margin) or disagree (low margin) with the proposed characteristic. 
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5.3. �Prioritizing anti-TB agents  
for testing

Although the prioritization of anti-TB agents 
as presented for the Delphi survey resulted in 
consensus prior to the meeting for both the initial 
criteria (more than 50% of respondents agreed 
with the proposed criteria) and the more stringent 
criteria (more than 75% agreement among 
respondents), there was a perceived need for 
additional discussion.

The TPP assumes that new first-line regimens will 
be available. This was perceived as problematic 
by some participants because uncertainty about 
the availability of new regimens in the near future 
makes it difficult to decide which anti-TB agents 
should be included in the TPP. While the need 
for rapid DST for regimens that are currently 
available is clear, it is difficult to predict if and 
how new regimens will be rolled out, and thus it 
is difficult to predict future needs. However, other 
participants argued that some anti-TB agents (for 
example, PZA and FQs) are likely to be important 
components of many future regimens. Therefore, 
the recommendation emphasizing PZA and FQs 
is independent of the regimens that are currently 
being evaluated in late-phase trials (such as 
REMox and PaMZ).

There was extensive debate about which anti-
TB agents should be tested for resistance by 
next-generation DST; the primary objective was 
to identify an acceptable compromise between 
current and future needs for rapid DST.

Testing for resistance to PZA

•	 The inclusion of PZA in the optimal 
requirements was not questioned, although 
concerns were raised over the feasibility of 
testing for resistance to PZA at the specified 
performance characteristics. 

•	 Some participants also advocated for 
the inclusion of PZA in the minimal 
requirements, given the importance of PZA 
in novel regimens.

•	 Knowledge about the molecular basis of 
resistance to PZA is limited, and given 
the large number of single-nucleotide 
polymorphism (SNPs) associated with 
resistance, the tests would likely have to be 
performed in a separate, additional step. 

•	 It was considered whether resistance to RIF 
could be used as a proxy for resistance to 
PZA, given the good negative predictive 
value of susceptibility to RIF (that is, if a 
strain is susceptible to RIF then it is likely 
to be susceptible to PZA). However, the 
positive predictive value was considered to 
be too variable to be useful, and it would 
limit the use of PaMZ because depending 
on the epidemiological setting, up to 70% 
of patients could be treated with PaMZ 
rather than with MDR-TB therapy.

•	 If detection of resistance to PZA is not 
included initially with other resistance tests 
but only as a reflex test – for example, if it 
is used when resistance to RIF is detected – 
then the market volume would be small 
(essentially, it would be only patients with 
MDR-TB), which would limit the industry’s 
interest in such a test.

Testing for resistance to INH

•	 The overall prevalence of resistance to INH 
is high (on average, it is three times higher 
than resistance to RIF). Some settings (such 
as countries in the former Soviet Union) 
have a very high prevalence of INH-
resistant strains. Therefore, detecting INH 
resistance might be more important in some 
settings than in others.

•	 Individual patients will benefit if resistance 
to INH is recognized. This needs to be 
considered even if the population-level 
impact of testing might not be substantial 
(data from a model representative of the 
South-East Asian epidemic) (32).

•	 As the use of INH preventive therapy 
increases, resistance to INH is likely to 
increase.
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•	 The perceived need for tests to detect 
resistance to INH was high among 
clinicians in a survey done by the Stop TB 
Partnership’s New Diagnostics Working 
Group and presented to the meeting; 
therefore, the acceptance of a test that 
includes testing for resistance to INH will 
likely be high.

•	 Novel regimens do not include INH but INH 
will continue to be used in individualized 
therapy.

Testing for resistance to FQs or only MOX

•	 FQs are likely to be important components 
of many novel regimens, and they are a 
critical component of therapy for MDR-TB.

•	 While new first-line regimens currently under 
evaluation include only MOX, levofloxacin 
(LVX) is commonly used to treat MDR-TB. 
The ability of a test to differentiate between 
resistance to different FQs is necessary for 
individualized therapy. Although the need 
for tests that can guide clinical decision-
making about individualized therapy might 
be more relevant at higher levels of care 
in some settings, it was emphasized that 
in practise the decentralized use of DST 
assays described in the TPP will likely 
also be used to detect MDR-TB and guide 
treatment for MDR-TB.

•	 Differentiating resistance among FQs is 
more a function of interpreting mutations 
(that is, evaluating the hierarchical structure 
of mutations) rather than detecting different 
mutations. This can be achieved with 
bioinformatics, and is not a function of 
targets included in the test.

Testing for resistance to AGs 

•	 Detection of incomplete cross-resistance is 
limited; but

•	 With revised lower critical concentrations 
for capreomycin resistance, cross-resistance 
is almost uniform (J. Posey et al, unpublished 
data, 2014).

General considerations around the inclusion 
of testing for anti-TB-drugs

•	 The importance of achieving high sensitivity 
in all tests that detect resistance to anti-
TB agents was emphasized. Because 
resistance to FQs and PZA correlate well 
with resistance to RIF, RIF resistance can 
be used as a triage test to decide which 
samples should be tested for resistance 
against other agents. If regimens are 
available despite observed resistance, 
then treatment can occur at the microscopy-
centre level. If it is not possible to treat 
patients at the microscopy-centre level, then 
the patient must be referred to a higher level 
of care, where confirmatory testing and 
additional DST can be performed. 

•	 Survey data have shown that a positive 
predictive value (PPV) of more than 90% for 
detecting resistance would be necessary to 
result in health-care providers excluding an 
anti-TB agent from a regimen. This supports 
the need for high specificity in settings 
with a low prevalence of resistance or for 
testing only high-risk patients in areas with 
a high prevalence of resistance. However, 
providers found that a test would be useful 
if it had a high negative predictive value 
(NPV) even if the PPV were lower, which 
supports the idea of developing a triage 
test for DST.

Testing anti-TB agents not mentioned in the 
initial TPP

•	 One participant suggested, that testing for 
resistance to delamanid and bedaquiline 
should be included because they will be 
available before new regimens are. The 
counter-argument was that delamanid and 
bedaquiline are used in individualized 
therapy, which is unlikely to be provided 
at the microscopy-centre level given the 
type of training given to staff at this level 
and the limited resources available there. 
However, the availability of rapid DST 
assays targeting these anti-TB agents would 
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be important at higher levels of care. These 
assays would be valuable for surveillance 
purposes in the short term, and for guiding 
individualized therapy in the medium term 
or long term. 

•	 The STREAM regimen will be the first short-
course regimen available to treat MDR 
disease (http://www.controlled-trials.
com/ISRCTN78372190/STREAM). 
Decentralized, rapid DST for FQs, and 
AGs and CAP could be useful for selecting 
patients at lower levels of the health-care 
system and deciding who should be 
enrolled into short-course treatment for 
MDR-TB. Although STREAM therapy is 
unlikely to be initiated at the microscopy-
centre level, initially triaging patients at 
microscopy centres might be useful to 
ensure that patients are referred for the most 
appropriate treatment.

Additional points in the debates were raised on 
the sequence of testing

•	 In low-prevalence settings, high specificity 
has to be achieved to ensure high PPVs. 

•	 Up-front combined testing for TB detection 
and drug susceptibility is preferred because 
it is likely to result in DST being performed 
more quickly, although this depends on 
the testing strategy. Loss to follow-up with 
two-step testing might not be substantially 
higher if patients are informed quickly of 
their TB diagnosis.

•	 There will be trade-offs with costs. From the 
standpoint of a national TB programme, 
testing for TB and DST at the same visit 
might be more costly than testing for 
detection and following that with a second 
test for DST. 

Comments from representatives of industry 

•	 The industry needs to know for which anti-TB 
agents resistance testing will be necessary 
for at least the next 3 years to ensure that it 
can plan appropriately.

•	 Assay designs cannot be flexible owing to 
stringent regulatory processes.

•	 Decisions about testing and the sequence 
of testing will affect the size of the market, 
and this will affect what companies will do 
and want to do.

•	 The need to prove a test’s ability to detect 
resistance to every anti-TB agent requested 
is costly.

•	 The industry’s commitment is likely to be 
low if the possible market volume is low (for 
example, when DST would be used only 
after a test to detect TB and resistance to 
RIF).

5.4. Conclusions

•	 Ultimately, consensus was reached on 
prioritizing anti-TB agents for testing in both 
optimal and minimal requirements in the 
following order: (1) RIF, (2) FQs (including 
MOX), (3) INH and PZA (equally important), 
(4) AGs/CAP. This acknowledges that 
detecting resistance to INH is a priority for 
current regimens, while detecting resistance 
to PZA is an equally important priority 
considering future regimens. The TPP was 
adjusted accordingly (Table 12). 

•	 With regard to the sequence of testing 
(that is, detecting TB and drug susceptibility 
simultaneously or as part of a two-step 
test), there are insufficient data to express 
preferences for tests that simultaneously 
detect TB and drug susceptibility or 
tests that detect TB and then use DST or 
those that detect TB and resistance to 
RIF simultaneously and follow this with 
additional DST. 

•	 There was consensus that independent of 
implementing DST at the microscopy-centre 
level, centralized DST needs to be improved 
to facilitate individualized therapy, which 
may include additional anti-TB agents such 
as delamanid and bedaquiline.
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5.5. �Diagnostic sensitivity  
of anti-TB agents

Seventy  two percent of those who responded 
to the Delphi survey agreed with the minimal 
requirements for sensitivity that were outlined for 
the different anti-TB agents. However, the majority 
of respondents commented that they disagreed 
with how the anti-TB agents had been prioritized, 
but did not provide any information about why 
they disagreed with the proposed sensitivity. 
During the meeting no additional comments were 
made about this characteristic. No changes were 
made to the TPP. 

5.6. Price of the test

In order to inform the discussion on pricing, 
again the results of a continuing study on costs 
and affordability were presented for three 
representative countries (India, Kenya and the 
Russian Federation) (A. Pantoja et al, unpublished 
data, 2014). For the affordability study it was 
assumed that DST would be used without further 
confirmatory testing. Compared with current 
expenditures in TB budgets for diagnostics, a test 
that initially detected TB and was then followed 
by DST (when TB is detected) would be more 
costly than current practices used to diagnose 
MDR-TB (that is, DST for all first-line agents) even 
if a target of US$ 15.00 per test and a capital 
cost of US$ 14 000 were considered. Therefore, 
such a test might not be affordable for many 
highly endemic countries. A test that combines 

DST and detection and costs US$  10.00 per 
test with a capital cost of US$ 5 000 would be 
affordable only in the Russian Federation. 

The discussion highlighted, that similar to the 
considerations of capital costs related to the 
rapid sputum-based test, the cost of instruments 
would need to be low to decrease the initial 
costs and barriers to implementation, particularly 
since the number of instruments needed will be 
sizeable (one instrument per microscopy centre). 
The participants perceived that the capital cost in 
the TPP was too high, especially because the cost 
was indicated per module.

Considering that the price for a GeneXpert 
module is about US$  4250 (calculated from 
the cost of the four-module instrument) and that 
on average three to five times the number of 
instruments would be needed for a test to be 
implemented at a microscopy centre (compared 
with a district-level hospital where the GeneXpert 
instrument is placed primarily), the minimal cost 
should be less than US$ 1400. 

Based on the discussion, the proposed capital 
costs were lowered.

Time did not allow discussion on the price per 
test proposed in the TPP. In general, agreement 
was reached about the importance of having an 
affordable test and on the optimal target price per 
test (less than US$ 10.00) but further discussion 
on what would be an acceptable price range 
could not be pursued.

Table 12. Revised target product profile (TPP) for a next-generation drug-susceptibility test to be 
implemented at peripheral levels of the health-care system, using input from a Delphi survey and 
discussions at a consensus meeting, 2014

Characteristic Optimal requirements Minimal requirements

Scope

Goal To develop a test to diagnose TB disease and detect drug resistance to inform 
decision-making about optimal current and likely future first-line therapy (HRZE, 
REMox or PaMZ), and possibly to detect resistance to additional second-line 
anti-TB agents and determine whether there is a need for further testing
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Target population Target groups are all patients suspected of having TB, with a special focus 
on those at high risk of morbidity and mortality from drug-resistant TB, such as 
people living with HIV, and those at high risk of having MDR-TB (for example, 
household contacts of patients diagnosed with MDR-TB, and persons with a 
history of TB, especially those for whom first-line therapy has failed) in countries 
with a medium prevalence to a high prevalence of TB as defined by WHO a 

Priority of anti-TB 
agents for testing b

1. RIF
2. FQs (including MOX)
3. INH and PZA (equally important)
4. AGs and CAP 
Ordered by preference. Optimally, all anti-TB agents would be included, but as 
a minimum at least RIF should be included

Lowest setting of 
implementationb 
(level of the health-
care system)

Microscopy-centre level or higher levels of the health-care system

Performance characteristics

Diagnostic 
sensitivity 
compared against 
genetic sequencing 
as the reference 
standard b

Sensitivity should be > 98% for 
detecting targeted SNPs for resistance 
to RIF, FQs, PZA, INH, and AGs and 
CAP when compared with genetic 
sequencing

Sensitivity should be > 98% for 
detecting targeted SNPs for resistance 
to RIF, and 95% for detecting SNPs for 
resistance to FQs, PZA, INH, and AGs 
and CAP when compared with genetic 
sequencing

Diagnostic 
sensitivity 
compared against 
phenotypic DST 
as the reference 
standard

Sensitivity should be > 95% for 
detecting resistance to RIF, FQs, 
PZA, INH, and AGs and CAP when 
compared with the recommended 
reference phenotypic culture DST for a 
specific anti-TB agent

Sensitivity should be > 95% for 
detecting resistance to RIF and > 90% 
for detecting resistance to FQs, PZA, 
INH and AGs when compared with 
the recommended reference phenotypic 
culture DST for a specific anti-TB agent

Diagnostic 
specificity 
compared against 
genetic sequencing 
as the reference 
standard b

Specificity should be ≥ 98% for any anti-TB agent for which the test is able to 
identify resistance when compared against genetic sequencing as the reference 
standard
The positive predictive value (PPV) of a resistance call will depend on the 
underlying prevalence of resistance in the population tested: if the prevalence is 
< 3% then very high specificity (that is, ≥ 99.7%) must be achieved to obtain a 
PPV of > 90%; if the prevalence of resistance is ≥ 20% (for example, by testing 
only high-risk patients), a specificity of > 97% is sufficient to achieve a PPV of 
90%

Diagnostic 
specificity 
compared against 
phenotypic DST 
as the reference 
standard 

Targeted sequencing for the mutations included in the test that indicate resistance 
against any anti-TB agent should exceed 98% when compared against the 
phenotypic reference standard recommended for each anti-TB agent.
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Operational characteristics

Maintenance  
and calibration b

Preventative maintenance should 
not be needed until after 2 years or 
> 5 000 samples; an alert to indicate 
when maintenance is needed should 
be included; the instrument should 
be able to be calibrated remotely or 
should not require any calibration 

Preventative maintenance should 
not be needed until after 1 year or 
1 000 samples; an alert to indicate 
when maintenance is needed should be 
included; the instrument should be able 
to be calibrated remotely or should not 
require any calibration 

Time to result b < 30 minutes < 2 hours

Data analysis Data analysis should be integrated (there should be no requirement for a 
PC); exported data should be capable of being analysed on a separate or 
networked PC

Data export 
(connectivity and 
interoperability)

Integrated ability for all data to be 
exported (including data on use of the 
device, error rates and rates of invalid 
tests, and personalized, protected 
results) over a USB port and network

Integrated ability for all data to be 
exported (including data on use of the 
device, error rates and rates of invalid 
tests, and non-personalized results) over 
a USB port

Operating 
temperature and 
humidity level

Between +5 °C and +50 °C with 90% 
humidity

Between +5 °C and +40 °C with 70% 
humidity

Reagent kit – 
storage, stability, 
and stability  
during transport

2 years at +5 °C to +50 °C with 
90% humidity; no cold chain should 
be required; should be able to tolerate 
stress during transport for a minimum of 
72 hours at 0 °C to +50 °C

18 months at +5 °C to +40 °C with 
70% humidity; no cold chain should 
be required; should be able to tolerate 
stress during transport for a minimum of 
72 hours at 0 °C to +40 °C

Internal quality 
control

Full controls are necessary, including controls for sample processing, 
amplification and detection of TB

Price of individual 
test b, c (reagent 
and consumables 
only; after scale-
up; ex-works 
[manufacturing  
costs only,  
excluding  
shipping])

Optimal price: < US$ 10.00
Meeting participants emphasized the critical need for the price to be kept within 
an affordable range. A price higher than currently available technologies (for 
example, molecular testing for simultaneous detection of TB and resistance to RIF 
or for resistance to RIF and INH both cost approximately US$ 10.00 per test) 
would be justified only if the new tests add substantial value in terms of improved 
performance, greater suitability for decentralization, and the number of anti-TB 
agents for which resistance can be detected. The market size for reflex testing 
will also need to be taken into account. Consensus was not reached on the 
minimal requirement (that is, the highest acceptable price point) 

Capital costs  
for instrument c

US$ 1400 per module (for a test 
combining detection and DST) 

US$ 1400 per module for DST only 

HRZE, isoniazid, rifampicin, pyrazinamide, ethambutol; REMox, rifampicin, moxifloxacin, pyrazinamide, ethambutol; PaMZ, 
Pa824, moxifloxacin, pyrazinamide; MDR-TB, multidrug-resistant TB; RIF, rifampicin; FQ, fluoroquinolone; MOX, moxifloxacin; 
PZA, pyrazinamide; INH, isoniazid; AG, aminoglycoside; CAP, capreomycin; SNP, single nucleotide polymorphism; PPV, positive 
predictive value; PC, personal computer.
a High-prevalence countries are those with > 40 cases per 100 000 population; medium-prevalence countries are those with 
20–40 cases per 100 000 population; and low-prevalence countries are those with < 20 cases per 100 000 population (19).
b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a 
Delphi survey.
c Italics indicate characteristics for which no consensus was reached.
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6. Closing remarks

After 2 days of informative discussion, consensus was reached for all of the characteristics of the 
first three TPPs and a large part of the TPP for DST. While many of the characteristics were defined 
based on expert opinion, further work to shape the TPPS is continuing. Also, a team composed of 
representatives from McGill University, FIND, UNITAID, the Bill and Melinda Gates Foundation, and 
country-level partners is working to develop estimates of market size for the priority TPPs. This work is 
expected to be completed in the autumn of 2014. The TPPs represent the needs perceived by the TB 
community to be the highest priority, and they will hopefully translate into concrete tests that can help 
to curb the TB epidemic.
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Annex A. Detailed target product profiles

Detailed target product profiles (TPPs) were 
prepared before the consensus meeting by 
Claudia Denkinger (FIND), Sandra Kik (McGill 
University) and Madhukar Pai (McGill University), 
with input from numerous stakeholders; funding 
was provided by the Bill and Melinda Gates 
Foundation. These detailed TPPs formed the 
basis of the short TPPs that were discussed at the 
consensus meeting and used during the Delphi 
process. The detailed TPPs are provided here for 
background information for readers.

Definitions

Characteristic: This is a specific requirement 
or specification that is measurable; every 
characteristic stands by itself (for example, an 
optimal requirement would be that no instrument 
is needed to perform a test; however, if an 
instrument were to be used, then the optimal 

requirement would be that data export functions 
should be integrated into the instrument).

Minimal requirement: For a specific characteristic 
the minimal requirement is the lowest acceptable 
output for that characteristic. For clarification, 
solutions must meet the minimal requirements for a 
characteristic in order to be acceptable (caveat: 
a test may still be acceptable if targets are 
missed only marginally or shortcomings pertain 
only to desirable but not completely necessary 
characteristics). 

Optimal requirement: For a specific characteristic 
the optimal requirement provides information 
about the ideal output for that characteristic. 
Characteristics that meet the optimal requirements 
provide the greatest impact for end-users, 
clinicians and patients. Ideally, developers would 
design and develop their solutions to meet the 
optimal requirements for all characteristics. 
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Table A1. Detailed target product profile (TPP) for a rapid, biomarker-based non-sputum-based test for detecting TB 

Characteristic Optimal (ideal) 
requirements

Minimal requirements Explanations References

Scope

Goal and 
potential market

A rapid, biomarker-based test that can diagnose 
pulmonary TB and ideally also extrapulmonary 
TB using non-sputum samples (for example, urine, 
blood, oral mucosal transudates, saliva, exhaled 
air) for the purpose initiating TB treatment during 
the same clinical encounter or on the same day

The goal is to have a simple test to diagnose any form of active TB that uses easily 
accessible samples (such as, urine, blood, oral mucosal transudates, saliva, exhaled air) 
and that can be performed at peripheral-level microscopy centres, primary-care clinics 
and even health posts that do not have attached laboratories. If it is possible to identify 
a biomarker or biosignature that has acceptable performance for both pulmonary TB 
and extrapulmonary TB in both adults and children, then having one test for both disease 
presentations in both populations would be preferred. However, if the biomarkers or 
biosignatures for adult TB are suboptimal for detecting childhood TB, or if the biomarkers 
or biosignatures for pulmonary TB are suboptimal for detecting extrapulmonary TB, then 
separate products need to be considered. 
If the sensitivity for diagnosing pulmonary TB is sufficiently high, this test is likely to replace 
sputum-smear microscopy tests or sputum-based rapid molecular tests.

Potential market: In 2006, the potential market size for such a test was predicted by FIND 
and TDR to be about 50 million tests globally in 2020. More recently, in the public sector 
alone it was estimated that 62 million sputum smears are performed for the initial diagnosis 
of pulmonary TB each year (for approximately 31 million individuals suspected of having 
pulmonary TB) in 22 high-burden countries (37). The potential market should increase further 
when the diagnosis of extrapulmonary TB and childhood TB are included, and the use of 
non-sputum samples and testing at lower levels of the health-care system, as well as testing 
in the private sector.
Nevertheless, even if a biomarker test does not meet all required infrastructure needs 
detailed in this TPP, there can still be a considerable potential market for the test in selected 
countries or a subset of the facilities that are better equipped, or both. This may be the case 
for countries with emerging economies such as the BRICS (Brazil, Russian Federation, India, 
China and South Africa). 

(12, 33–37)

Drug-
susceptibility 
testing

None None A biomarker-based test will most likely not be able to detect drug resistance. Testing for drug 
resistance will need to be done as a reflex test using a different sample and technology, 
and perhaps at a higher level in the health-care system, where second-line treatment can be 
offered.
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Target population Target groups are adults and children including 
those who are HIV-positive who are suspected of 
having active pulmonary TB or extrapulmonary 
TB in countries with a medium prevalence to a 
high prevalence of TB as defined by WHO

Since a biomarker-based test uses non-sputum samples, its target population is broad and 
diverse. Using easily accessible, non-sputum samples will enable diagnosis in patients who 
are difficult to diagnose with conventional sputum-based diagnostics (for example, children, 
people who are HIV-positive, patients with extrapulmonary TB) as well as patients with 
pulmonary TB. 

WHO’s categories: High-prevalence countries are those with >40 cases per 100 000 
population; medium-prevalence countries are those with 20–40 cases per 100 000 
population; and low-prevalence countries are those with <20 cases per 100 000 
population (19).

(19)

Target user  
of the testa

Health-care workers 
with a minimum of 
training

Trained microscopy 
technicians 

Setting (level of 
the health-care 
system)

Health posts without 
attached laboratories 
(that is, levels below 
microscopy centres) 
or higher levels of the 
health-care system

Primary health-care 
clinics (with attached 
laboratories), 
peripheral-level 
microscopy centres 
or higher levels of the 
health-care system

Conditions that prevail in microscopy centres in high-burden countries have been described, 
and the characteristics required for novel tests at this level of the health-care system have 
also been proposed. Ideally, a biomarker test with the proper specifications (that is, one 
that does not require an instrument, can be used in a setting without a laboratory and 
can be operated by staff with a minimum of training) should be able to be used at a 
level of the health-care system that is lower than peripheral-level microscopy centres; this 
would enhance access to TB diagnostics. Depending on how well a new product meets 
the characteristics needed for these settings, its potential for wider use and scale-up may 
increase. 

(20, 33)

Pricing

Price of 
individual test 
(costs of reagent 
only; after scale-
up; ex-works 
[manufacturing 
costs only, 
excluding 
shipping])a, b

< US$ 4.00 < US$ 6.00 The final price may depend on whether volume-based pricing models are used. 
If the sensitivity for detecting pulmonary TB is at least as good as the sensitivity of smear 
microscopy then this test is expected to replace smear microscopy or alternative tests 
that are used for initial diagnosis. In addition, the test will be used for the initial testing of 
people suspected of having extrapulmonary TB or childhood TB. Since millions of smear 
microscopy tests are performed every year, the expected market for this product is likely to 
be substantial (37) and, therefore, volume-based pricing agreements may be possible. A 
more expensive test is less likely to penetrate the market.
If the sensitivity of the biomarker-based test for diagnosing pulmonary TB is lower than the 
sensitivity of alternatives tests, it may not completely replace available diagnostics for initial 
testing for pulmonary TB but it could still be adopted in specific settings (for example, if no 
electricity is required for the test then it may be adopted at lower levels of the health-care 
system, such as primary-care clinics) or be used for specific populations (for example, 
people with HIV, people suspected of having extrapulmonary TB, children). In this case, 
the overall volume of tests will be lower, although still sizeable, while the target price likely 
would need to remain the same.

(37)
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Capital costs for 
the instrument

No instrument needed < US$ 500 If possible, an instrument should not be necessary in order to ensure that the test is suitable 
for a diverse range of settings, including lower levels of the health-care system. 
When the test does require an instrument, the lower the capital costs of the instrument 
are, the lower the initial cost would be, and thus the barrier to implementation would 
also be lower, particularly since the volume of instruments that would be distributed would 
be sizeable. The cost of the instrument should include warranties, service contracts and 
technical support.

Performance

Diagnostic 
sensitivity a,b

For pulmonary TB 
in adults: Sensitivity 
should be ≥ 98% for 
smear-positive culture-
positive pulmonary TB, 
and ≥68% for smear-
negative culture-positive 
pulmonary TB (that is, it 
should be similar to the 
sensitivity of the Xpert 
MTB/RIF assay)
Overall pooled 
sensitivity should be 
≥ 80% in adults with 
HIV infection
For extrapulmonary 
TB in adults:
Ideally, sensitivity should 
be ≥ 80% for all forms 
of microbiologically 
confirmed 
extrapulmonary TB c, d 

For pulmonary TB 
in adults: Overall 
sensitivity should be 
≥ 65%, but should 
be > 98% among 
patients with smear-
positive culture-positive 
pulmonary TB (that is, 
it should be similar to 
smear microscopy)
Overall pooled 
sensitivity should be 
better than the sensitivity 
of smear microscopy in 
adults with HIV infection
For extrapulmonary 
TB in adults: The 
need to diagnose 
extrapulmonary TB is 
important and a test 
that can diagnose it will 
have significant benefits 
for individual patients; 
additionally, it is likely 
to be accepted in the 
community of care 
providers; no lower 
range of sensitivity was 
defined

Ideally, this test would be at least as sensitive and specific as the current standards for 
diagnosing pulmonary TB and extrapulmonary TB. 

The performance of a biomarker-based test might not differ in detecting smear-positive 
culture-confirmed TB and smear-negative culture-confirmed TB. However, when a biomarker-
based test aims to replace smear microscopy its performance should be evaluated 
separately for smear-positive culture-positive TB and smear-negative culture-positive TB. 
Moreover, it should be determined whether the test can identify those patients who are 
most infectious and whether biomarker levels correlate with bacterial load in sputum (in 
pulmonary TB cases). This may depend on the selected biomarker or biomarkers.
The test’s performance should be studied separately for each specific target population 
(groups should be stratified by the different case definitions proposed in 6), including 
children, patients with extrapulmonary TB at different sites, HIV-positive patients and HIV-
negative patients.
It may be necessary to evaluate the potential confounding effects of previous vaccination 
with BCG, latent TB infection or a previous episode of active TB. 
Optimally, this test would be at least as sensitive as the Xpert MTB/RIF assay for diagnosing 
pulmonary TB, extrapulmonary TB and childhood TB, but it would be easier to implement 
at lower levels of the health-care system. Systematic reviews that evaluated the performance 
of the Xpert MTB/RIF assay using non-sputum-based samples reported a high degree of 
heterogeneity in sensitivity for diagnosing extrapulmonary TB in adults and children, which 
depended on the type of sample used (biopsy, pleural fluid, gastric lavage aspirate, lymph 
fluid, urine, pus or cerebrospinal fluid) (17). Nevertheless, WHO recommends that the 
Xpert MTB/RIF assay should be used to diagnose extrapulmonary TB and childhood TB. 
Systematic reviews have suggested that the sensitivity of Xpert MTB/RIF is around 44% 
when the sample used is pleural fluid, 85% for lymph node tissue, 80% for cerebrospinal 
fluid, and 84% for other types of samples (17). Xpert MTB/RIF has a sensitivity of around 
66% for diagnosing pulmonary TB in children using expectorated sputum (95% for induced 
sputum) (17). 

(6, 17–42)
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For children: Sensitivity 
for childhood 
intrathoracic TB 
should be ≥ 66% 
for microbiologically 
confirmed TB (similar 
to the sensitivity of the 
Xpert MTB/RIF assay)e

For children: The need 
to diagnose childhood 
TB is important, and a 
test that can diagnose 
TB in children will have 
significant benefits for 
individual patients; 
additionally, it is likely 
to be accepted in the 
community of care 
providers; no lower 
range of sensitivity was 
defined

Currently, patients with extrapulmonary TB and/or childhood TB are treated either 
empirically or referred to the district level for further invasive diagnosis (such as biopsy 
or gastric lavage). Therefore, no minimum sensitivity has been set for this test, since any 
confirmatory diagnosis of extrapulmonary TB and/or childhood TB at the microscopy-centre 
level or lower levels of the health-care system would be an improvement over the current 
situation.
A modelling study suggested that increasing the proportion of TB patients initiated on 
treatment is more important than an equivalent decrease in sensitivity. This model showed 
that in WHO’s South-East Asia Region if a biomarker test with a sensitivity of 40% for 
smear-negative TB were used at the point of care in the most peripheral health-care setting 
it would result in a reduction in TB incidence similar to using a test with 70% sensitivity for 
smear-negative TB at the district level (for example, Xpert MTB/RIF) (38). However, the 
exact trade-off between a lower sensitivity for smear-negative TB and an increase in access 
to testing will depend on the setting, and modelling studies might be needed to identify the 
most suitable settings to implement the tests.
It is difficult to diagnose TB in children because it is difficult to obtain sputum specimens, 
and the disease is often paucibacillary. Moreover, cultures may not be positive in all 
children suspected of having TB. Therefore, children are considered one of the main target 
populations for a non-invasive biomarker-based test. Xpert MTB/RIF has been shown to 
have a sensitivity of around 66% for pulmonary TB in children using expectorated sputum 
(95% for induced sputum) (17); therefore, an ideal biomarker-based test would be as least 
as good. 

Diagnostic 
specificitya

The test should be at least as specific as the 
Xpert MTB/RIF assay for detecting pulmonary 
TB, extrapulmonary TB and childhood TB (that 
is, the test should have 98% specificity when 
compared against a microbiological reference 
standard); the test should distinguish between 
active TB and latent or past infection

The specificity of the test should be high to avoid the need for additional confirmatory 
testing at this level of the health-care system.

(17, 42)

Quantitation Qualitative Qualitative The test should give an objective qualitative result (such as, yes/no/invalid). However, 
if this test were to replace smear microscopy to monitor treatment or for follow-up, 
a semiquantitative result would be required that correlated with the bacterial load 
(infectiousness) as well as with treatment success.

Operational characteristics

Sample type Non-sputum-based samples (such as urine, 
blood, oral mucosal transudates, saliva, exhaled 
air)

If blood samples are needed, finger-stick samples would be preferred to venous blood 
samples, especially for samples from children.
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Sample volume Urine: <5 ml
Finger-stick blood:  
< 10 mcl
Saliva or transudates: < 
0.1 ml

Urine: < 10 ml
Finger-stick blood:  
< 25 mcl
Saliva or transudates: < 
0.2 ml

The lowest volume possible for all types of samples would be preferred, especially since 
children might have difficulty providing a larger volume for a sample; however, this 
requirement for the lowest volume possible should not come at the expense of decreased 
sensitivity. 
The test should also be able to accommodate larger volumes when they are available if 
they would potentially increase the sensitivity.

Sample 
preparation and 
assay processing 
(steps needed 
after obtaining 
sample)

Sample preparation 
should either be 
integrated or 
preparation should not 
be required

Only a limited number 
of steps should be 
required; precise 
measuring should not 
be needed for any step 
(for example, for either 
volumes or time)

The Xpert MTB/RIF assay has 2 steps. A new test should be as simple to perform as Xpert 
MTB/RIF.

Devices such as a centrifuge or heat block are available only infrequently at the level of 
microscopy centres; therefore, they should not be required for novel assays. The expertise 
needed to operate a micropipette is also often lacking.

(20)

Reagent 
integration

All reagents should 
be contained in a 
consumable device

Only 1 external reagent 
(provided by the 
manufacturer)

Time to result a, b < 20 minutes including 
time spent preparing 
the sample 

< 1 hour including time 
spent preparing the 
sample

Most rapid, lateral flow assays produce results within 20 minutes. However, the ideal time 
to result has not been studied, and might vary among countries and settings where the 
patient is tested. But in order to be usable as a test at the point of care, the result should be 
available during the same visit

Daily throughput > 25 tests per 6-hour 
working day; ability to 
test individual samples 
so that batching is not 
required 

> 10 tests per 6-hour 
working day; 
no need to batch tests

The need for a short turnaround time, the possibility of testing individual samples without 
batching (asynchronous testing) and testing multiple samples at the same time are 
interrelated. The time to result and the possibility of asynchronous testing are probably the 
most important parameters for implementing the test at the point of care and limiting the 
wait time for patients to prevent loss to follow-up.

The number of suspected cases that need to be tested per day at an average peripheral 
microscopy centre, health post or primary-care clinic will vary, but it will be smaller than the 
number at more centralized laboratories or clinics. 

Sample capacity Multiple samples should 
be able to be tested at 
the same time 

One sample at a time 

Biosafety No need for a 
biosafety cabinet; 
consumables should be 
able to be disposed of 
as general laboratory 
waste 

No need for a 
biosafety cabinet; 
consumables should be 
able to be disposed of 
as general laboratory 
waste

A biosafety cabinet is not commonly available at the level of a microscopy centre. If a novel 
test has increased biosafety (if it is safer to use) then its acceptability will be enhanced.
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Waste disposal – 
solid 

Simple trash; recyclable 
or compostable plastics 
and consumables

Simple trash; recyclable 
or compostable plastics 
and consumables

Reducing the steps required to dispose of waste will facilitate the test’s use in the most 
peripheral settings.

Waste disposal – 
infectious

No infectious waste 
should be generated

Incineration of infectious 
materials

Multiuse platform None None A multiuse platform is not required, but multiplexed testing for other diseases might increase   
acceptability of a test.

Instrument No instrument needed Preferably the test 
would not require 
an instrument; if an 
instrument is required, 
it should be small, 
portable or hand-held 
and weigh < 1 kg; 
it should be able to 
operate on battery or 
solar power in places 
where the power supply 
may be interrupted

The simpler, more portable and more durable the test is, the more likely it is to be 
implemented in peripheral settings. Many peripheral microscopy centres in countries with a 
high burden of TB do not have uninterrupted power supplies, and some have no access to 
clean water. 

(20)

Power 
requirements

None Optional battery 
or solar-powered 
operation

The fewer infrastructure requirements that an instrument has (such as for power, water and 
the skill levels of the staff), the more likely it is that the test can be adopted at lower levels of 
the health-care system, such as at health posts. Continuous power is not always available at 
the microscopy-centre level, and it is even less likely to be available at primary-care clinics; 
therefore, a battery-operated device that can be recharged using solar power would be 
ideal and would allow the test to be used in many different settings.

(20)

Maintenance a Disposable, no 
maintenance required

Preventative 
maintenance should 
not be needed until 
after 1 year or > 1 000 
samples; only simple 
tools and minimal 
expertise should be 
required; an alert should 
be included to indicate 
when maintenance is 
needed; the mean time 
to failure should be 
≥ 12 months

If a device is anticipated to have a longer lifespan, then a maintenance alert is essential 
to ensure that it functions properly in settings where it is unlikely that the device will be 
always used by the same person, and that records will be kept about the duration of 
use. It is essential that only simple tools and minimal expertise are necessary to perform 
maintenance, given the quantity of devices that are likely to be used. 
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Calibration None required The instrument 
should be able to be 
calibrated remotely, to 
calibrate itself, or no 
calibration should be 
needed

Result capturing, 
documentation, 
data display

Ideally, the test 
would not require an 
instrument; there should 
be a visual readout 
with the ability to save 
results using a separate, 
attachable reader

The test menu must be 
simple to navigate; 
the instrument should 
have an integrated 
LCD screen, a simple 
keypad or touch screen, 
and the ability to save 
results using either the 
instrument or a separate 
reader

Regulatory 
requirements

Manufacturing of the 
assay and system 
should comply with ISO 
EN 13485 or higher 
standards or regulations, 
and comply with ISO 
IEC 62304 Medical 
Device Data Systems; 
the manufacturing facility 
should be certified and 
authorized for use by 
a regulatory authority 
that is a member of the 
International Medical 
Device Regulators 
Forum, formerly 
known as the Global 
Harmonization Task 
Force; the assay must 
be registered for in vitro 
diagnostic use

Manufacturing of the 
assay and system 
should comply with ISO 
EN 13485 or higher 
standards or regulations, 
and comply with ISO 
IEC 62304 Medical 
Device Data Systems; 
the manufacturing facility 
should be certified and 
authorized for use by 
a regulatory authority 
that is a member of the 
International Medical 
Device Regulators 
Forum, formerly 
known as the Global 
Harmonization Task 
Force; the assay must 
be registered for in vitro 
diagnostic use
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Data export 
(connectivity and 
interoperability)

Ideally, the test would 
not require an instrument 
but data should be 
able to be exported, for 
instance using a reader 
with a mobile phone 
All data should be 
able to be exported 
(including data on use 
of the device, error rates 
and rates of invalid 
tests, and personalized, 
protected results) over a 
USB port and network; 
network connectivity 
should be available 
through a GSM/UMTS 
mobile broadband 
modem; results should 
be encoded using a 
documented standard 
(such as HL7) and be 
formatted as JSON text; 
JSON data should be 
able to be transmitted 
through HTTP(S) to 
a local or remote 
server as results are 
generated; results should 
be stored locally, and 
queued during network 
interruptions to be 
sent as a batch when 
connectivity is restored

All data should be 
able to be exported 
(including data on use 
of the device, error rates 
and rates of invalid 
tests, and personalized, 
protected results) over a 
USB port and network; 
network connectivity 
should be available 
through Ethernet, Wi-Fi, 
or GSM/UMTS mobile 
broadband modem, 
or a combination of 
these; results should 
be encoded using a 
documented standard 
(such as HL7) and be 
formatted as JSON 
text; JSON data should 
be transmitted through 
HTTP(S) to a local or 
remote server as results 
are generated; results 
should be stored locally, 
and queued during 
network interruptions 
to be sent as a batch 
when connectivity is 
restored

The ability to export data will enhance surveillance and allow for better supply-chain 
management.

Electronics  
and software

None Integrated

Data analysis Integrated Integrated Integrating the capacity for data analysis into the test will reduce interpretation errors.
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Operating tem-
perature and 
humidity level

Between +5 °C and 
+50 °C with 90% 
humidity

 Between + 5 °C and 
+40 °C with 70% 
humidity

High environmental temperatures and high humidity are often present in countries where TB 
is endemic. 

(20)

Reagent kit – 
transport

All reagents and 
consumables should be 
included in the device 
or kit (including water, 
alcohol swabs and 
lancets if needed); no 
cold chain should be 
required

All reagents and 
consumables should be 
included in the device 
or kit (including water, 
alcohol swabs and 
lancets if needed); no 
cold chain should be 
required

Reagent kit – 
storage and 
stability

2 years at +5 °C to 
+40 °C with 90% 
humidity; should be 
able to tolerate stress 
during transport (72 
hours at +50 °C); no 
cold chain should be 
required

12 months at +5 °C 
to +35 °C with 70% 
humidity; should be 
able to tolerate stress 
during transport (72 
hours at +50 °C); no 
cold chain should be 
required

Reagent 
calibration

No reagent should be 
necessary

No calibration should 
be necessary

Additional 
supplies (not 
included in the kit)

None None

Internal quality 
control

Internal controls for 
sample processing and 
detection of TB should 
be included

Internal controls for 
sample processing 
should be included

Internal quality controls should be used in addition to external quality assurance.

Training and 
education 

< 1 day for a primary 
health-care worker

< 3 days for a health-
care worker

The need for training and education in how to use the test should be low, given the high 
turnover of health-care workers. The test should be able to be conducted by non-laboratory 
personnel after a short training session. 

FIND, Foundation for Innovative New Diagnostics; TDR, Special Programme for Research and Training in Tropical Diseases; BCG, bacille Calmette–Guérin; LCD, liquid crystal display; GSM, Global 
System for Mobile Communications; UMTS, Universal Mobile Telecommunications System.
a These characteristics were considered to be the most important. b These characteristics were associated with the most uncertainty.
c The sensitivity for detecting extrapulmonary TB should also be tested against a composite reference standard that includes culture with or without a nucleic acid amplification test, histology, smear 
microscopy, biochemical testing, presenting signs, and response to treatment with anti-TB therapy, depending on site of infection. Xpert MTB/RIF testing has an estimated sensitivity for diagnosing 
TB of 84% in lymph node aspirates or other tissue samples, and 55% sensitivity for samples of cerebrospinal fluid, when compared with a composite reference standard, but Xpert MTB/RIF testing 
requires invasive samples (17).
d Xpert MTB/RIF has an estimated sensitivity for microbiologically confirmed TB of 85% for detecting TB in lymph node aspirates or other tissue samples, 80% for cerebrospinal fluid and 44% for 
pleural fluid, but testing requires invasive samples (aspirate, biopsy, lumbar puncture or thoracentesis).
e The test’s sensitivity in children should be evaluated against a composite reference standard as defined by an international panel of experts (6).



H
IG

H
-PRIO

RITY TA
RG

ET PRO
D

U
C

T PRO
FILES FO

R N
EW

 TU
BERC

U
LO

SIS D
IA

G
N

O
STIC

S
63

Table A2. Detailed target product profile (TPP) for a community-based triage or referral test to identify people suspected of having TB 

Characteristic Optimal (ideal) 
requirements

Minimal requirements Explanations References

Scope

Goal and 
potential market

A test used during a 
patient’s first encounter 
with the health-care 
system to identify 
patients with any 
symptoms or risk 
factors for active 
TB, including patients 
coinfected with HIV , 
those who do not have 
TB and those in need 
of referral for further 
confirmatory testing

A test used during 
a patient’s first 
encounter with the 
health-care system 
to identify patients 
with any symptoms 
or risk factors for 
active pulmonary 
TB, including patients 
coinfected with HIV, 
those who do not have 
TB and those in need 
of referral for further 
confirmatory testing

Since most individuals suspected of having TB do not have TB, a triage test can help 
narrow the population that needs confirmatory testing.

A triage test needs to be a simple low-cost test that can be used by first-contact providers 
in the community (for example, community health workers or informal providers) to test 
persons with any symptoms or risk factors suggestive of TB who are seeking care (that 
is, it would not be used for active case-finding) to rule out TB (identify those who are 
triage-test negative) and direct individuals who require further evaluation (those who are 
triage-test positive) to a confirmatory test. The triage test should have higher accuracy 
than currently available symptom screening (84% sensitivity and 74% specificity for 
any symptom in settings with a high prevalence of HIV, and 70% sensitivity and 60% 
specificity for any symptom in settings with a low prevalence of HIV). Furthermore, 
triage testing could ensure that patients are rapidly isolated if necessary during their first 
presentation to a clinical setting, where crowding could result in increased transmission.

(4, 12, 21, 
35, 36,)

Drug-susceptibili-
ty testing

None None Drug-susceptibility testing will be done higher levels of care (for example, at microscopy 
centres or the district level).

Target population Target groups are 
adults and children 
suspected of having 
active TB at any site 
in countries with a 
medium prevalence 
to a high prevalence 
of TB as defined by 
WHO 

Target groups are 
adults and children 
suspected of having 
active, pulmonary 
TB in countries with a 
medium prevalence 
to a high prevalence 
of TB as defined by 
WHO 

WHO’s categories: High-prevalence countries are those with > 40 cases per 100 000 
population; medium-prevalence countries are those with 20–40 cases per 100 000 
population; and low-prevalence countries are those with < 20 cases per 100 000 
population (19). 

(19)

Target user  
of the testa

Community health work-
ers and informal provid-
ers who have had a 
minimum of training

Staff trained to the level 
of auxiliary nurses
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Setting (level  
of the health-care 
system)

Community level, 
village level or higher 
levels of the health-care 
system

Health posts and 
primary-care clinics 
or higher levels of the 
health-care system

The lowest level of implementation for a triage test is at a lower level than a microscopy 
centre, where TB testing and anti-TB agents are available. Implementing a triage test at 
the peripheral level may increase the number of patients screened for TB, and potentially 
shorten the time to diagnosis.
In addition, a triage test could be useful in all settings where there is likely to be a 
large influx of patients at different levels of the health-care system (such as in crowded 
outpatient clinics or refugee camps). In these settings it can serve to enhance infection 
control by allowing early identification of patients who may have TB and early 
implementation of infection control measures.
A triage test can also be implemented at higher levels of care (that is, at the level of the 
confirmatory test) if it is at least as sensitive as the confirmatory test and is cheaper; it this 
case, it would reduce the cost of the confirmatory test. 

(23)

Pricing

Price of 
individual test 
(reagent costs 
only; after scale-
up; ex-works 
[manufacturing 
costs only, 
excluding 
shipping]) a, b

< US$ 1.00 < US$ 2.00 The acceptable cost of the triage test depends largely on the cost of the confirmatory test that 
is available, and on the specificity of the triage test. The lower the specificity, the more likely 
it is that confirmatory testing will be needed and, thus, the lower the cost of the triage test will 
have to be for the overall testing strategy to be cost effective. 
It is expected that an affordable, molecular test will be available at the microscopy-centre 
level within the next 2–5 years, and it will likely cost US$ 4.00 per test. Thus, the cost of 
the triage test should be lower than that of the confirmatory test. Given the expected large 
potential market for a triage test, volume-based pricing agreements may be available and 
may increase access.

(5)

Capital costs for 
the instrument

No instrument needed < US$ 50.00 The cost of the device has been estimated for a 1-year lifespan. Alternatively, a more 
expensive device could be considered but maintenance and calibration would need to 
be optimized to function remotely and to require simple tools and minimal expertise (or 
not to be necessary at all), considering that a large number of devices will be required 
for use in health posts and clinics. 
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Performance

Diagnostic 
sensitivity 
(compared with 
confirmatory 
test) a, b

Overall sensitivity 
should be > 95% 
when compared with 
the confirmatory test 
for pulmonary TB c 
no lower range of 
sensitivity was defined 
for extrapulmonary TB

Overall sensitivity 
should be > 90% when 
compared with the 
confirmatory test for 
pulmonary TB c

Performance characteristics need to be similar to those of the confirmatory test that will 
be used. Ideally, the test would be at least as sensitive as the available confirmatory test 
(for example, Xpert MTB/RIF has a diagnostic sensitivity > 98% for culture-positive smear-
positive TB and > 67% for culture-positive smear-negative TB). 
If the sensitivity of the triage test is not similar to that of the confirmatory test then the 
willingness to implement triage testing would likely depend on how much the sensitivity 
decreases in comparison with that of the confirmatory test and the standard used at the 
microscopy centre, as well as the expected increase in the number of patients tested for 
TB using the triage strategy (which would thus presumably increase the number of TB 
cases identified). 
A lower sensitivity would be acceptable only if there were a higher specificity (that is, 
if the sensitivity were 85% and the specificity were 70% at a TB prevalence of 5%, 
then the post-test probability of the confirmatory test being positive is only 13%, but if 
the specificity were 80%, the post-test probability would be 18%). If the instrument can 
perform multiplex testing for other diseases (for example, for HIV or malaria), a lower 
sensitivity may be more acceptable. 

(5)

Diagnostic 
specificity a, b

Overall specificity 
should be > 80% when 
compared with the 
confirmatory test

Overall specificity 
should be > 70% when 
compared with the 
confirmatory test

The prevalence of TB in the population being tested should be considered when planning the 
specificity requirement. The prevalence of TB in the community is likely to be lower than at 
clinics or health posts (prevalence in the community estimated at < 5%; prevalence at clinics 
or health posts estimated at < 10%). Thus, a higher specificity is necessary for testing in the 
community to achieve a sufficient post-test probability that justifies referral (for example, at a 5% 
prevalence among people seeking care, using a test with 95% sensitivity and 80% specificity 
gives a post-test probability of 24%).
The trade-off between cost and specificity, as well as the burden on the health system when a 
large number of false-positive patients are tested, need to be considered.
Furthermore, there might be a psychological and social component to triage testing if a large 
number of patients are referred but then are identified as not having TB. These psychological 
and social burdens might be less if the sample – not the patient – is sent for a confirmatory test.

(5)

Quantitation Qualitative
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Operational characteristics

Sample type Non-sputum samples 
(such as urine, oral 
mucosal transudates, 
saliva, exhaled air, or 
blood from a finger-
stick)

Sputum; a non-sputum 
sample type would 
be preferred (such as 
urine, oral mucosal 
transudates, saliva, 
exhaled air, or blood 
from a finger-stick); 
imaging technology

For successful implementation at the community level, a test would use an easily 
accessible sample (such as urine, blood, breath condensate). Non-sputum-based samples 
are preferred, both for biosafety and because of the stigma associated with TB.

Sample  
volume

Urine: < 5 ml
Finger-stick blood: 
< 10 mcl
Saliva or transudates: 
< 0.1 ml

Urine: < 10 ml
Finger-stick blood: < 25 
mcl
Saliva or transudates: 
< 0.2 ml
Sputum: < 0.1 ml

The lowest volume possible for all types of samples would be preferred, especially since 
children might have difficulty providing a larger volume for a sample; however, this 
requirement for the lowest volume possible should not come at the expense of decreased 
sensitivity. 
The test should also be able to accommodate larger volumes when they are available if 
they would potentially increase the sensitivity.

Manual 
preparation of 
samples (steps 
needed after 
obtaining sample)

Sample preparation 
should be integrated or 
not required (excluding 
waste disposal); 
precise timing and 
measuring should not 
be required

2 steps (excluding 
waste disposal); 
precise timing and 
measuring should not 
be required

The simpler, more portable and more durable the test is, the more likely it is to be 
implemented in peripheral settings. 

(8, 20)

Reagent 
integration

All reagents should 
be contained in a 
consumable device

Only 1 external 
reagent should be 
required and should be 
part of the test kit

Time to  
result a, b

< 5 minutes including 
time spent preparing the 
sample

< 30 minutes including 
time spent preparing the 
sample

The time to result includes the time needed to prepare the sample and processing 
time. The ideal time to result has not been studied and might vary significantly among 
countries and among settings where patients are tested (such as a busy clinic versus in the 
community).

Daily throughput > 30 tests per 8-hour 
day; ability to test 
individual samples so 
that batching is not 
required 

> 20 tests per 8-hour 
day; ability to test 
individual samples so 
that batching is not 
required 

The need for a short turnaround time, the possibility of batching or testing individual 
samples without batching (asynchronous testing), and the ability to test multiple samples at 
the same time are interrelated. The time to result is probably the most important parameter 
since extending the wait time for patients may result in loss to follow-up.

(4)
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Sample capacity Multiple samples 
should be able to be 
tested at the same time

One sample at a time If the time to result outlined above is achieved, then the capacity to test multiple samples 
simultaneously might not be necessary. 

Biosafety No need for a 
biosafety cabinet; 
consumables should be 
able to be disposed of 
as general laboratory 
waste; a sharps 
container should be 
provided if a lancet is 
necessary

No need for a 
biosafety cabinet; 
standard procedures 
should be used if 
sputum is the sample 
of choice; a sharps 
container should be 
provided if a lancet is 
necessary

Reducing concerns about biohazards will increase the acceptability of the test.

Waste disposal –  
solid

Simple trash, or 
recyclable or 
compostable plastics 
and consumables 
should be used 

Simple trash, or 
recyclable or 
compostable plastics 
and consumables 
should be used

Reducing the steps required to dispose of waste will facilitate the test’s use in the most 
peripheral settings.

Waste disposal – 
infectious

No infectious waste 
should be generated

Incineration of 
infectious materials

Simplifying waste disposal by using only non-infectious samples will facilitate the test’s use 
in the most peripheral settings.

Multiuse platform No platform None Providing multiplexed testing for other diseases may increase the acceptability of the test.

Instrument None A small, portable or 
hand-held device 
weighing < 1 kg

Power 
requirements a

None Optional battery 
or solar-powered 
operation

If no power is required or if an independent power source can be used, the test is more 
likely to be useful in peripheral settings.

Maintenancea Disposable, no 
maintenance required

Preventative 
maintenance should 
not be needed until 
after 1 year or 1 000 
samples; only simple 
tools and minimal 
expertise should be 
required; an alert 
should be included 
to indicate when 
maintenance is needed

If a device is anticipated to have a longer lifespan, then a maintenance alert is essential 
to ensure proper functioning in settings where it is unlikely that the same person will 
always handle the device, and that records will be kept about the duration of use. 
Furthermore, it will be essential that only simple tools and minimal expertise are necessary 
to maintain the device, given the quantity of devices that is likely to be in use. 



68
H

IG
H

-PRIO
RITY TA

RG
ET PRO

D
U

C
T PRO

FILES FO
R N

EW
 TU

BERC
U

LO
SIS D

IA
G

N
O

STIC
S

Calibration None required The instrument 
should be able to be 
calibrated remotely, to 
calibrate itself, or no 
calibration should be 
needed

Result capturing, 
documentation, 
data display

Ideally, the test 
would not require an 
instrument; there should 
be a visual readout 
with the ability to 
save results using a 
separate, attachable 
reader

The test menu must be 
simple to navigate; 
the instrument should 
have an integrated 
LCD screen, a simple 
keypad or touch 
screen, and the ability 
to save results using 
either the instrument or 
a separate reader

Output from the device should not need interpretation (for example, colour bands may be 
used to indicate results), and results should be clear (for example, positive/negative).

Regulatory 
requirements

The assay and system manufacturing should 
comply with ISO EN 13485 or higher standards 
or regulations, and comply with ISO IEC 62304 
Medical Device Data Systems; the manufacturing 
facility should be certified and authorized for 
use by a regulatory authority that is a member 
of the of the International Medical Device 
Regulators Forum, formerly known as the Global 
Harmonization Task Force; the assay must be 
registered for in vitro diagnostic use
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Data export 
(connectivity and 
interoperability)

All data should be 
able to be exported 
(including data on use 
of the device, error rates 
and rates of invalid 
tests, and personalized, 
protected results) over a 
USB port and network; 
network connectivity 
should be available 
over an Ethernet, Wi-Fi 
or GSM/UMTS mobile 
broadband modem, 
or a combination of 
these; results should 
be encoded using a 
documented standard 
(such as HL7) and be 
formatted as JSON text; 
JSON data should be 
able to be transmitted 
through HTTP(S) to 
a local or remote 
server as results are 
generated; results should 
be stored locally, and 
queued during network 
interruptions to be 
sent as a batch when 
connectivity is restored

None required The ability to export data may facilitate reporting to patients and providers, connectivity 
to an electronic record, improved surveillance, and allow for better supply-chain 
management.

(8, 20)

Electronics and 
software

None Integrated

Data analysis Integrated Integrating the capacity for data analysis into the test will reduce interpretation errors.

Operating 
temperature and 
humidity level a

Between +5 °C and 
+50 °C with 90% 
humidity

Between +5 °C and 
+40 °C with 70% 
humidity
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Reagent kit – 
transport 

A cold chain should not be required; there 
should be no special requirements

A cold chain and other special requirements should not be necessary since refrigerators 
are not likely to be present and continuous power is likely to be limited in the settings 
where the test will be used.

(8, 20)

Reagent kit – 
storage and 
stability

2 years at +5 °C to 
+40 °C with 90% 
humidity; should 
be able to tolerate 
stress during transport 
(72 hours at +50 °C); 
no cold chain should 
be required

12 months at +5 °C 
to +35 °C with 70% 
humidity; should 
be able to tolerate 
stress during transport 
(72 hours at +50 °C); 
no cold chain should 
be required

Reagent 
calibration

No reagent should be 
necessary

No reagent should be 
necessary

Additional 
supplies (not 
included in kit)

None

Internal quality 
control

Internal controls for 
sample processing and 
detection of TB should 
be included

Internal controls for 
sample processing 
should be included

Internal quality controls should be included in addition to external quality assurance.

Training and 
education 

< 1 hour for a health-
care worker who has 
had a minimum of 
training

< 1/2 day (4 work 
hours) for a health-care 
worker

The need for training and education about how to use the test should be low, given the 
high turnover of health-care workers.

(43)

LCD, liquid crystal display; GSM, Global System for Mobile Communications; UMTS, Universal Mobile Telecommunications System.
a These characteristics were considered to be the most important.
b These characteristics were associated with the most uncertainty.
c The performance characteristics of the triage test need to be matched with those of the confirmatory test that will be used. 
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Table A3. Detailed target product profile (TPP) for a rapid sputum-based test for detecting TB at the microscopy-centre level of the health-care system

Characteristic Optimal (ideal) 
requirements

Minimal requirements Explanations References

Scope

Goal and 
potential market

A sputum-based test to 
detect pulmonary TB 
to be used at the level 
of a microscopy centre 
to support initiation of 
TB therapy during the 
same clinical encounter 
or on the same day

A sputum-based test to 
detect pulmonary TB 
to be used at the level 
of a microscopy centre 
to support initiation of 
TB therapy during the 
same clinical encounter 
or on the same day

The test should be optimized for TB detection. It is conceivable that NAAT or another 
technology with simple sample preparation could be developed. The test would be used 
at peripheral-level microscopy centres as a replacement for sputum-smear microscopy. 
If the test has greater sensitivity than smear microscopy and is able to be implemented 
more widely than the Xpert MTB/RIF assay or culture, it has the potential both to increase 
the number of patients who are treated and to ensure that they are treated earlier in the 
course of their disease.

(37, 44–46)

Drug-
susceptibility 
testing

None Drug-susceptibility testing could be performed during the second step of the test (see the 
TPP for DST, Table 4). Ideally, this would be performed using the same platform.

Target population Target groups are all patients suspected of 
having pulmonary TB and able to produce 
sputum, in countries with a medium prevalence 
to a high prevalence of TB as defined by WHO

The target population described under the optimal and minimal requirements corresponds 
to WHO’s 2013 recommendations for using the Xpert MTB/RIF assay, although the 
resource implications need to be considered.
WHO’s categories: High-prevalence countries are those with > 40 cases per 100 000 
population; medium-prevalence countries are those with 20–40 cases per 100 000 
population; and low-prevalence countries are those with < 20 cases per 100 000 
population (19).

(17, 19)

Target user  
of test a

Health-care workers who have had a minimum 
of training (that is, trained to a level that is 
similar to that necessary for performing smear 
microscopy)

Setting (level of 
the health-care 
system)

Microscopy-centre level (that is, primary health 
centres with attached peripheral laboratories)

Conditions that prevail in microscopy centres in high-burden countries have been 
described, and the characteristics required for novel tests at this level of the health-care 
system have also been proposed. The potential of the new product and the scale at 
which it is adopted will depend on whether the product has the necessary characteristics.
A test that can be used at the level of a microscopy centre would leverage the 
infrastructure used for smear microscopy and could potentially reach large numbers of 
individuals suspected of having TB.

(8, 20)



72
H

IG
H

-PRIO
RITY TA

RG
ET PRO

D
U

C
T PRO

FILES FO
R N

EW
 TU

BERC
U

LO
SIS D

IA
G

N
O

STIC
S

Pricing 

Price of 
individual test 
(cost of reagent 
only; after scale-
up; ex-works 
[manufacturing 
costs only, 
excluding 
shipping]) a, b

<US$ 4.00 for TB 
detection

<US$ 6.00 for TB 
detection

The final price may depend on whether volume-based pricing models are used. Since 
millions of smear microscopy tests are done every year, the expected market for this 
product is likely to be substantial (17) and, therefore, volume-based pricing agreements 
may be possible. A more expensive test is less likely to penetrate the market.

(17)

Capital costs for 
the instrument

<US$ 500 per module <US$ 1400 per 
module

The lower the capital cost of the instrument is, the lower the initial cost would be and, 
thus, the barrier to implementation would also be lower, particularly since the volume of 
instruments that would be distributed to microscopy centres is sizeable. The cost of the 
instrument should include warranties, service contracts and technical support.

Performance

Analytical and 
diagnostic 
sensitivity for 
detecting TBa

Sensitivity for TB case-
detection should be 
better than Xpert MTB/
RIF – that is, < 4.5 
genome equivalents/
reaction and < 10e2 
CFU/assay using 1 
sample; ideally, the 
sensitivity would be 
as good as liquid 
culture (resulting in a 
diagnostic sensitivity 
of > 95% for a single 
test when compared 
with culture); sensitivity 
should be > 99% for 
culture-positive smear-
positive TB and > 68% 
for culture-positive smear-
negative TB using 1 
sample

Sensitivity for TB case-
detection should be 
between that of smear 
microscopy and Xpert 
MTB/RIF – that is, 
between 10e2 CFU/
assay and 10e5 CFU/
assay using 1 sample, 
resulting in sensitivity 
≥ 80% for a single 
test when compared 
with culture; sensitivity 
for smear-negative TB 
should be > 60%, and 
for smear-positive it 
should be 99%

To identify patients early and reduce transmission it is important to aim for a test with a 
better sensitivity than that of using 1 Xpert MTB/RIF assay to detect TB. However, if the 
new test were used at a microscopy centre with good links to treatment, then a test with 
performance characteristics that are better than smear microscopy and less good than 
Xpert MTB/RIF would reduce transmission more than using Xpert MTB/RIF only at the 
district level.

(23,42, 
47–49)
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Analytical and 
diagnostic 
specificity for 
detecting TB a

Specificity for TB case-
detection should be 
at least as good as 
Xpert MTB/RIF when 
compared with culture 
(≥ 98% specificity); 
there should be no 
cross-reactivity with other 
organisms, including 
non-tuberculous 
mycobacteria

Specificity for TB case-
detection should be 
at least as good as 
Xpert MTB/RIF when 
compared with culture 
(≥ 98% specificity); 
there should be no 
cross-reactivity with 
other organisms, 
including non-tuberculous 
mycobacteria

(42, 47, 48)

Treatment 
monitoring 
possible

Yes No A test that is able to replace smear microscopy for treatment monitoring (for example, by 
detecting viable bacteria) is more likely to be adopted and to completely replace smear 
microscopy.

Operational characteristics

Sample type Unprocessed sputum Unprocessed sputum

Sample volume 0.1—10 ml 0.5—5 ml The lowest volume possible for all types of samples should be 0.1 ml, especially since 
children and HIV-positive patients may have difficulty providing a sample; however, this 
ideal requirement should not come at the expense of decreased sensitivity. If a higher 
volume is available, the test should be able to use it if doing so would increase sensitivity.

Manual 
preparation 
of samples 
(steps needed 
after obtaining 
sample) a

No steps or 1 step; 
precise volume control 
and precise timing 
should not be required

Maximum of 2 steps; 
precise volume control 
and precise timing 
should not be required

The Xpert MTB/RIF assay has 2 steps.
Devices such as a centrifuge or heat block are available only infrequently at the level of 
microscopy centres; therefore, these should not be required for novel assays. Also, the 
expertise needed to operate a micropipette is often lacking; if pipetting is needed, this 
should be able to be done using a Pasteur pipette.

(8, 20)

Reagent 
integration

All reagents should be contained in a single 
device

A maximum of 2 external reagents should be needed and these should be included as 
part of the test kit

Time to result a, b < 20 minutes including 
time spent preparing the 
sample

< 2 hours including 
time spent preparing 
the sample

These limits include the time needed for sample preparation and processing. Two hours is 
the current time to result for the Xpert MTB/RIF assay.

(50, 51)

Daily throughput 15–20 tests 10 tests The daily throughput for the GeneXpert IV system is about 10 tests. The daily throughput 
needed in most microscopy centres is ≤10 tests (C. Denkinger, personal communication, 
2013).
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Sample capacity Single or multiple 
samples should be 
able to be tested at the 
same time

None The need for a short turnaround time, the possibility of batching or testing individual samples 
without batching (asynchronous testing), and the ability to test multiple samples at the same 
time are interrelated. The time to result is probably the most important parameter since 
extending the wait time for patients may result in loss to follow-up. If the optimal time to result 
is met, then in most settings the capacity for performing multiple tests at the same time will not 
be needed.

Walk-away 
operation, 
random access, 
STAT sampling

These features must be 
integrated into the test

None of these features Ideally, 1 sample should not occupy the instrument without it still being able to process 
other samples (that is, random access or parallel analyses should be possible). If the 
platform is multiplexed, then running different assays at the same time should be feasible. 
If the optimal time to result is met, then in most settings random access or STAT sampling 
will not be needed.

Biosafety Should have the same 
requirements as Xpert 
MTB/RIF

Same as smear 
microscopy

A biosafety cabinet is not commonly available at the level of a microscopy centre; 
therefore, a sample-collection device that can be sealed immediately or can be rapidly 
decontaminated, or both, is important for subsequent processing without a cabinet. If a 
novel test has increased biosafety (if it is safer to use) then its acceptability to providers 
will be enhanced. Further information is provided in WHO’s Tuberculosis Laboratory 
Biosafety Manual.

(8, 20, 52)

Waste disposal –  
solid

Should require no more 
than smear microscopy

Should require no more 
than Xpert MTB/RIF

Further information is provided in WHO’s Tuberculosis Laboratory Biosafety Manual and 
the policy update on using the Xpert MTB/RIF assay.

(17, 52)

Waste disposal – 
infectious 

Should require no more 
than smear microscopy

Should require no more 
than Xpert MTB/RIF

Further information is provided in WHO’s Tuberculosis Laboratory Biosafety Manual and 
the policy update on using the Xpert MTB/RIF assay.

(17, 52)

Multiuse 
platform 

Yes (to test for HIV 
and other diseases, 
depending on the local 
epidemiology)

None If the platform can perform multiplex testing or can be used for different tests, then the 
acceptability of the new test will likely be increased, especially in the private sector.

Instrument Ideally, a single device 
that is an integrated 
system

Up to 2 instruments 
that are independent of 
each other

Ideally, a single device is preferred but up to 2 instruments would be acceptable (for 
example, for separate sample processing and detection).

Power 
requirements a

Battery operated with recharging capability and 
a circuit protector

Continuous power is not always available at the level of a microscopy centre; therefore, 
a battery-operated device that can be recharged using solar power would be ideal and 
would allow the test to be used in microscopy centres in many different settings.

(8, 20)
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Maintenance 
and  
calibrationa

Preventative 
maintenance and 
calibration should not 
be needed until after 2 
years or 5000 samples; 
only simple tools and 
minimal expertise should 
be required; an alert 
should be included 
to indicate when 
maintenance is needed

Preventative 
maintenance should not 
be needed until after 1 
year or 1000 samples; 
only simple tools and 
minimal expertise should 
be required; an alert 
should be included 
to indicate when 
maintenance is needed

A maintenance alert is necessary to ensure proper functioning in settings where it is 
unlikely that the same person will always handle the device and that records will be kept 
about the duration of use. 
Furthermore, it will be essential that only simple tools and minimal expertise are necessary 
to perform maintenance, given the quantity of devices that are likely to be used; 
additionally, service visits are unlikely to be feasible outside of urban settings.

(31)

Calibration The instrument should be 
able to be calibrated 
remotely or no 
calibration should be 
needed

The instrument should be 
able to be calibrated 
remotely, to calibrate 
itself, or no calibration 
should be needed

Result capturing, 
documentation, 
data display

An integrated results 
screen and the ability 
to save and print results 
should be included; 
external printing would 
be acceptable

Integrated LCD screen 
and ability to save results

Regulatory 
requirements

Manufacturing of the assay and system should 
comply with ISO EN 13485 or higher standards 
or regulations, and comply with ISO IEC 62304 
Medical Device Data Systems; the manufacturing 
facility should be certified and authorized for use 
by a regulatory authority that is a member of the 
International Medical Device Regulators Forum, 
formerly known as the Global Harmonization Task 
Force; the assay must be registered for in vitro 
diagnostic use
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Data export 
(connectivity and 
interoperability)

All data should be 
able to be exported 
(including data on 
use of the device, 
error rates and rates 
of invalid tests, and 
personalized, protected 
results) over a USB port 
and network; network 
connectivity should 
be available through 
an Ethernet, Wi-Fi, or 
GSM/UMTS mobile 
broadband modem, 
or a combination of 
these; results should 
be encoded using a 
documented standard 
(such as HL7) and be 
formatted as JSON text; 
JSON data should be 
able to be transmitted 
through HTTP(S) to 
a local or remote 
server as results are 
generated; results should 
be stored locally, and 
queued during network 
interruptions to be 
sent as a batch when 
connectivity is restored

Integrated ability for all 
data to be exported 
from the device in a 
user-friendly format 
(including data on use 
of the device, error rates 
and rates of invalid tests, 
and non-personalized 
results) over a USB port

A data-export feature could be leveraged for data export, quality control, supply-chain 
management and surveillance.

(8, 20, 53)

Electronics  
and software

Should be integrated into the instrument If a separate PC is needed, it will likely limit the ability to update software since staff with 
the skills needed to operate a PC are not present in all microscopy centres. Furthermore, 
security will be an issue, and separate PCs might be stolen.

(8, 20)

Data analysis Integrated

Operating 
temperature and 
humidity level a

Between +5 °C and 
+50 °C with 90% 
humidity

Between +5 °C and 
+40 °C with 70% 
humidity

High environmental temperatures and high humidity are often present in countries where 
TB is endemic. Dust also is a problem in these settings, and the need to adequately 
protect optics should be considered.

(20, 31)
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Reagent kit – 
transport 

No cold chain should 
be required

No cold chain should 
be required

Refrigeration is often not available at customs or during transportation. (8, 20)

Reagent kit – 
storage and 
stability

2 years at +5 °C to 
+40 °C with 90% 
humidity; should 
be able to tolerate 
stress during transport 
(72 hours at +50 °C); 
no cold chain should 
be required

12 months at +5 °C 
to +35 °C with 70% 
humidity; should be 
able to tolerate stress 
during transport (72 
hours at +50 °C); no 
cold chain should be 
required

High environmental temperatures and high humidity are often present in countries where 
TB is endemic.

(8, 20, 31)

Reagent 
calibration

The kit should 
have a bar code 
for calibration, or 
calibration should not 
be required

External controls 
provided by the 
manufacturer should be 
tested once a week

(31)

Additional 
supplies (not 
included in the kit)

None Items that would be 
present in a laboratory 
that is capable of 
testing blood chemistry

(8, 20)

External  
quality control

Both positive and 
negative controls 
for Mycobacterium 
tuberculosis detection 
should be included 
as well as controls 
for drug-susceptibility 
testing

Both positive and 
negative controls for M. 
tuberculosis detection 
and drug-susceptibility 
testing should be 
included

External controls should be used periodically.
The need for external quality control should not exceed what has been established for 
smear microscopy.

Internal quality 
control

Controls for sample processing and 
amplification should be included

The need for external quality control should not exceed what has been established for 
smear microscopy.

(31)

Training and 
education 

6 work hours for 
staff at the level of a 
microscopy technician

3 days (or 24 work 
hours) for staff at the 
level of a laboratory 
technician

Training to use the Xpert MTB/RIF assay takes 1–3 days. (43)

NAAT, nucleic acid amplification test; CFU, colony forming units; LCD, liquid crystal display; GSM, Global System for Mobile Communications; UMTS, Universal Mobile Telecommunications System; 
PC, personal computer.
a These characteristics were considered to be the most important. 
b These characteristics were associated with the most uncertainty.
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Table A4. Detailed target product profile (TPP) for a next-generation drug-susceptibility test to be implemented at peripheral levels of the health-care 
system to inform decisions about first-line treatment regimens

Characteristic Optimal (ideal) 
requirements

Minimal requirements Explanations References

Scope

Key assumptions The development timeline is < 5 years; this approach would use 1 platform for TB detection and DST; this TPP has taken the developers’ 
perspective by assuming that new regimens will be implemented and available in parallel with current standard–of-care regimens, at least 
initially

Rationale To provide support for effective first-line anti-TB therapy in the context of the roll-out of new regimens after 2014 (that is, HRZE, REMox 
or PaMZ); to provide the characteristics and qualities of a test that would have a sufficiently rapid turnaround time (that is, results can be 
provided during the same visit) for TB detection and would provide data about DST that can be used to inform treatment decisions

Goal Diagnosis of TB disease and detection of drug 
resistance to inform decision-making about 
the optimal first-line regimen (HRZE, REMox or 
PaMZ) for treatment, and possibly to detect the 
presence of additional resistance to second-line 
anti-TB agents and the need for further testing

The market for a test that includes DST and detection is all patients tested for TB, which is 
approximately 10 times the number of detected cases, or about 60 million patients. If DST 
were performed in a second step, the market would be all patients in whom TB had been 
detected (or about 9 million).
The market for a test to detect PZA resistance is different because the current achievable 
performance characteristics of a molecular test for PZA resistance is a maximum of 95% 
for both sensitivity and specificity; therefore, a test for PZA resistance could be used as a 
follow-on test only if RIF resistance has been confirmed (a higher prevalence of resistance 
leads to a higher PPV for the detection of resistance to a particular anti-TB agent). This 
means that the market for testing for PZA resistance is only as large as the number of 
patients confirmed to have MDR-TB, which is about 450 000, although the number is likely 
to increase as testing for MDR-TB increases.
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Priority  
of anti-TB agents 
for testinga

In order of decreasing importance:

1.RIF
2. FQs (including MOX)
3. INH and PZA (equally important)
4. AGs and CAP 

Optimally all drugs would be included, but as a 
minimum at least RIF should be included

Detecting resistance to RIF and FQs: If there is only resistance to RIF, then HRZE or REMox 
are not an option. RIF is an indicator: if resistance to RIF is present then resistance against 
other anti-TB agents is more likely to be present. Resistance to PZA and INH is highly 
associated with resistance to RIF; resistance to FQs is moderately associated with resistance 
to RIF; that is, >80% of RIF-resistant strains are also resistant to PZA or INH, or both, and 
10–30% are resistant to FQs (26–30).
MOX is included in the REMox and PaMZ regimens. If there is monoresistance to MOX, 
then REMox is not an option. 
The importance of sensitivity depends on the trade-off with a false-negative result. Limited 
data are available about the impact of undiagnosed monoresistance to MOX on outcomes 
with REMox: it seems to reduce efficacy by about 15% relative to 2HRZE/4HR (2 months 
of HRZE followed by 4 months of HR). 
There are insufficient data on cross-resistance occurring across different FQs. The 
differentiation of resistance among FQs is more a function of interpreting mutations (that is, 
evaluating the hierarchical structure of mutations) rather than detecting differenæt mutations. 
No data are available on the transmissibility of MOX strains.
Detecting resistance to FQs other than MOX is important at higher levels of care where 
other FQs are often used for individualized therapy (for example, LVX).

Detecting resistance to PZA: PZA resistance is highly associated with RIF resistance. 
With the advent of the PaMZ regimen, confirmation of PZA sensitivity will be important 
to avoid treating patients using only two anti-TB agents and risking the development of 
resistance or referring patients directly for MDR-TB therapy. 
The importance of confirming PZA sensitivity if the HRZE/REMox regimen is used is less 
clear since the prevalence of PZA resistance occurring independently of resistance to RIF is 
low (about 3%).
PZA is likely to be an important component of other future regimens independent of PaMZ.
No data are available on the impact of undiagnosed PZA resistance on outcomes with 
PaMZ.
No data are available on the transmissibility of monoresistant PZA strains.

(3, 30, 32, 
54–56)
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Detecting INH resistance: Modelling data have shown that testing for resistance to INH 
has only minimal incremental value over testing for resistance to RIF alone on the incidence 
of MDR-TB and monoresistance to INH, as well as on mortality at the population level (for 
example, in a setting like India). These findings might not apply to countries with high rates 
of coinfection with HIV or with very high prevalence of resistance to INH; the need for 
detecting INH resistance might increase as more preventive therapy using INH is rolled out.
Furthermore, other data suggest that detecting resistance to INH is important at the 
individual level, and the acceptance of a test among providers might be enhanced if testing 
for INH resistance were incorporated (this was a stakeholder’s opinion). 

Detecting AG resistance: Testing for resistance to AGs might be beneficial for directing 
care and, at higher levels of care, avoiding treating patients with pre-XDR-TB with therapy 
for MDR-TB. 
There are insufficient data on cross-resistance across different AGs.
The GenoTypeMTBDRsl test (Hain Lifescience, Nehren, Germany) has a specificity of 98% 
for detecting resistance to AGs. 

Sequence of detection and drug-resistance testing: No data are available about whether 
it is better to detect drug-resistance and TB simultaneously or to test initially only for TB 
and then use a second step for DST. The data necessary to inform this decision include 
information about how time to diagnosis relates to loss to follow-up. In other words, if 
initially testing for TB and drug-resistance comes at the expense of rapid TB detection and 
thus leads to a loss to follow up, then TB detection alone followed by a separate step for 
DST might be beneficial over simultaneous testing for TB and DST. This scenario might vary 
substantially among countries. 
Also, initially testing for TB and DST might come at the expense of the sensitivity for TB 
detection, depending on the platform used and cost. However, a delay in DST might result 
in patients receiving inappropriate treatment until they return, assuming that the DST result 
will not be known in time to inform initial decisions about treatment. The acceptability of 
a longer wait time might vary among countries, and informing the patient of results on 
the same day if the result is not available during the first visit, might be associated with 
substantial costs.
Performing DST for resistance to RIF in conjunction with TB detection would allow RIF to 
serve as an indicator and reduce the specificity required of a test used in low-prevalence 
settings (see information on specificity below).



H
IG

H
-PRIO

RITY TA
RG

ET PRO
D

U
C

T PRO
FILES FO

R N
EW

 TU
BERC

U
LO

SIS D
IA

G
N

O
STIC

S
81

Assay design The assay should 
be designed in such 
a manner that the 
addition of or removal 
of analytes does not 
require extensive 
analytical and clinical 
re-verification and 
revalidation of the 
assay

The assay should be designed in such a manner that it is capable of being updated as 
needed, with minimal redevelopment required.

Target population Target groups are all patients suspected of 
having TB, with a special focus on those at high 
risk of morbidity and mortality from drug-resistant 
TB, such as people living with HIV and those 
at high risk of having MDR-TB (for example, 
household contacts of patients diagnosed with 
MDR-TB, and persons with a history of TB, 
especially those for whom first-line therapy has 
failed) in countries with a medium prevalence to 
a high prevalence of TB as defined by WHO

The optimal target population corresponds to WHO’s 2013 recommendations for using the 
Xpert MTB/RIF assay, although the resource implications need to be considered.
Children aged <11 years have limited ability to produce sputum for testing. Therefore, 
initial validation studies should focus on adults.

WHO’s categories: High-prevalence countries are those with > 40 cases per 100 000 
population; medium-prevalence countries are those with 20–40 cases per 100 000 
population; and low-prevalence countries are those with < 20 cases per 100 000 
population (19).

(3, 19)

Target user  
of test a

Health-care workers with training necessary for 
performing smear microscopy

Setting (level of 
the health-care 
system)

Microscopy-centre level or higher levels of the 
health-care system

Implementation at the microscopy-centre level should be feasible using the specifications 
as outlined. This would embed the test in an infrastructure that is based around smear 
microscopy. However, the test could be implemented at higher levels of care as well. Testing 
for resistance to the anti-TB agents included in second-line therapy could be incorporated into 
separate reactions, but ideally it would be feasible to test the same specimen.

(8, 20, 26, 
27, 44, 45, 
57)

Pricing

Price of individual 
test (cost of 
reagent and 
consumables 
only; after scale-
up; ex-works 
[manufacturing 
costs only, 
excluding 
shipping]) a

< US$ 10.00 Meeting participants emphasized the critical need for the price to be kept within an 
affordable range. A price that is higher than available technologies (for example, molecular 
testing for simultaneous detection of Mycobacterium tuberculosis and RIF resistance or 
testing for resistance to RIF and INH, both of which cost approximately US$ 10.00 per 
test) would be justified only if the new test brings substantial added value in terms of vastly 
improved performance, greater suitability for decentralization, and the number of anti-TB 
agents for which resistance can be detected. The market size for reflex testing will also 
need to be taken into account. Consensus was not reached on the minimal requirement 
(that is, the highest acceptable price).

(58)
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Capital costs for 
the instrument

US$ 1400 per module 
for a test combining TB 
detection and DST

US$ 1400 per module 
for DST only

These cost estimates are based on the likely volume of tests. The lower the capital costs of 
the instrument are, the lower the initial cost would be, and thus the barrier to implementation 
would also be lower, particularly since the volume of instruments that would be distributed 
to microscopy centres is sizeable. The cost of the instrument should also include warranties, 
service contracts and technical support.

Performance

Diagnostic 
sensitivity for TB 
detection a

Sensitivity for detecting 
TB should be > 95% 
for a single test when 
compared with 2 liquid 
cultures; for smear-
negative TB it should 
be > 68%; for smear-
positive TB it should be 
99%

Sensitivity should be 
> 80% for a single 
test when compared 
with 2 liquid cultures; 
for smear-negative TB 
it should be > 60%; 
for smear-positive TB it 
should be 99%

The optimal sensitivity specified has been raisedto that of the Xpert MTB/RIF assay; the 
minimal sensitivity is substantially better than that of smear microscopy. Sun et al found that a 
test implemented at the microscopy level with only 50% sensitivity for smear-negative TB will 
lead to a substantial improvement in TB detection over a test like the Xpert MTB/RIF assay 
that is implemented at the district level (23). There are no data to inform discussions about 
the sensitivity needed by a test to gain the confidence of providers and curb empirical 
treatment in people who test negative.

(23)

Diagnostic 
specificity for TB 
detectiona

Specificity should be 
> 98% for a single test 
when compared with 
culture

Specificity should be 
> 98% for a single test 
when compared with 
culture

(17, 48, 59)

Diagnostic 
sensitivity for 
DST compared 
against genetic 
sequencing as 
the reference 
standard a

Sensitivity should be 
> 98% for detecting 
targeted SNPs for 
resistance to RIF, FQs, 
PZA, INH, and AG/
CAP when compared 
with genetic sequencing

Sensitivity should be 
> 98% for detecting 
targeted SNPs for 
resistance to RIF, and 
95% sensitivity for 
detecting targeted SNPs 
for resistance to FQs, 
PZA, INH, and AG/
CAP when compared 
with genetic sequencing

Diagnostic 
sensitivity for 
DST compared 
against 
phenotypic DST 
as a reference 
standard a

> 95% sensitivity for 
detecting RIF, FQ, 
PZA, INH and AG/
CAP resistance 
in comparison to 
recommended 
phenotypic culture 
reference DST for 
specific anti-TB agent

> 95% sensitivity for 
detecting RIF resistance; 
> 90% for detection 
of FQ, PZA, INH 
and AG resistance 
in comparison to 
recommended 
phenotypic culture 
reference DST for 
specific anti-TB agent

Modelling data suggest that for rapid DST to be more cost effective than culture, on a 
GeneXpert platform it must attain an aggregated sensitivity of 88% for all clinically relevant 
mutations. A lower sensitivity could be tolerated for a test with high specificity, particularly if 
the prevalence, and thus the pretest probability, are high.
The sensitivity achieved against a phenotypic reference standard will be only as good as 
the mutations that are targeted (that is, even if all known mutations conferring INH resistance 
are detected with 100% sensitivity when compared against a sequencing reference 
standard, 100% sensitivity cannot be achieved against a phenotypic reference standard 
because the knowledge of all molecular targets that confer resistance is not complete).

(3, 59–65)
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Diagnostic 
specificity for 
DST compared 
against genetic 
sequencing as 
the reference 
standard a

Specificity should be ≥98% for any anti-TB agent 
for which the test is able to identify resistance 
when compared against genetic sequencing as 
the reference standard

If alternative regimens are available, effective, safe and not too cumbersome (for example, 
HRZE or REMox), then a lower PPV might be tolerated (for example, a false-positive MOX 
result may result only in 6 months of HRZE instead of 4 months of REMox).
Because the pretest probability is low when all-comers without any additional risk factors 
are tested in settings with a low prevalence of resistance, the specificity has to be very 
high: if the prevalence of resistance is about 3% according to surveillance data, then 
a specificity of 99% results in a PPV of only 74%. A very high specificity (for example, 
≥99.7%) is necessary in order to reach a PPV of >90%; if the prevalence of resistance is 
≥20% (for example, when resistance to RIF is used as an indicator or when testing is only 
done in high-risk patients), a specificity of >97% is sufficient to achieve a PPV of 90%.

(65,66)

Diagnostic 
specificity for 
DST compared 
against 
phenotypic DST 
as a reference 
standard a

The specificity of targeted sequencing for the 
mutations included for any anti-TB agent for 
which the test is able to identify resistance 
should be ≥ 98% when compared against the 
phenotypic reference standard recommended for 
each anti-TB agent

The estimates of specificity for molecular tests in comparison with phenotypic testing as a 
reference-standard might be falsely low as the reference-standard has limited sensitivity. 
Therefore it is important to use the optimized phenotypic reference standard for a drug in 
comparison.

(3, 59–62, 
65)

Limit of 
detection – TB 
detection after 
first reaction

Should be better than 
Xpert MTB/RIF for TB 
case-detection – that 
is, < 4.5 genome 
equivalents/reaction 
and < 10e2 CFU/
assay using 1 sample

Should be between 
smear microscopy and 
Xpert MTB/RIF for TB 
case-detection – that is, 
between 10e2 CFU/
assay and 10E5 CFU/
assay using 1 sample

Limit of detection testing should be performed as outlined in the United States Food and 
Drug Administration’s draft guidance document dated 19 June 2013 (http://www.fda.
gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm357617.
htm).

(17, 47, 48)

Limit of detection 
– TB detection 
after second 
reaction for DST

Should be no worse 
than Xpert MTB/RIF 
for TB case-detection – 
that is, ≥4.5 genome 
equivalents/reaction 
and 131 CFU/mL of 
sputum

Should be between 
smear microscopy and 
Xpert MTB/RIF for TB 
case-detection – that is, 
between 10e2 CFU/
assay and 10e5 CFU/
assay using 1 sample

A slightly decreased analytical sensitivity for TB detection in the second reaction for 
resistance testing (in comparison with the first reaction) both for the optimal and minimal 
requirements will avoid resistance calls (for example, no M. tuberculosis but resistance 
present) but will come at the expense of a slightly lower sensitivity for DST.

(49)

Analytical 
specificity for TB 
detection

No cross-reactivity 
with other organisms 
including non-
tuberculous 
mycobacteria

No cross-reactivity 
with other organisms 
including non-
tuberculous 
mycobacteria
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Indeterminate 
results during 
detectiona

< 2% < 5% Indeterminate results may be caused by a lower sensitivity for detecting TB during the 
second reaction.

Reproducibility Interassay coefficients of variance should be 
≤ 10.0% at the high and low extremes of the 
assay

This applies if the quantitative outcomes of a test are measurable (for example, for the limit 
of detection, and cycle threshold values).

Interfering 
substances

No interference should be caused by those 
substances known to occur in the human 
respiratory and pulmonary tracts, including blood 
that could potentially inhibit a PCR reaction, and 
substances used to treat or alleviate respiratory 
disease or symptoms

Treatment 
monitoring 
capability

Yes No A test that is able to replace smear microscopy for treatment monitoring (for example, by 
detecting viable bacteria) is more likely to be adopted and to completely replace smear 
microscopy; thus, it would have a larger market as well.

Operational characteristics

Sample type Unprocessed sputum Unprocessed sputum

Sample volume 0.1–10 ml < 0.5–2 ml The lowest volume possible for all types of samples should be 0.1 ml, especially since 
HIV-positive patients may have difficulty providing a sample; however, this ideal requirement 
should not come at the expense of decreased sensitivity. If a higher volume is available, the 
test should be able to use it if doing so would increase sensitivity.
Additionally, the ideal test would need only 1 sample even if requires 2 steps or reactions.

Manual 
preparation of 
samples (steps 
needed after 
obtaining sample) a

No steps or 1 step; 
precise volume control 
and precise timing 
should not be required

Maximum of 2 steps; 
precise volume control 
and precise timing 
should not be required

Devices such as a centrifuge or heat block are available only infrequently at the level of 
microscopy centres; therefore, these should not be required for novel assays. Also, the 
expertise needed to operate a micropipette is often lacking.

(8, 20)

Reagent 
integration

All reagents should be 
contained in a single 
device

A maximum of 2 
external reagents 
should be needed and 
if required, should be 
included in the test kit

Time to result a < 30 minutes for 
detection and DST

< 2 hours for DST alone The need for rapid turnaround, the possibility of batching or using random access for 
testing, and the ability to test multiple samples at the same time are interrelated. The time to 
result is probably the most important parameter since extending the wait time for patients 
may result in loss to follow-up.

(50, 51)
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Daily throughput > 25 tests > 5 tests The daily throughput for the GeneXpert IV system is about 10 tests. The daily throughput 
needed in most microscopy centres is <10 tests per day. If the modules were cheap and 
throughput could be expanded if needed by using additional modules, then the daily 
throughput per module could be reduced to the minimal requirement (≥5) (C. Denkinger, 
personal communication, 2013).

Sample capacity 
and throughput

Multiple samples should 
be able to be tested at 
the same time; random 
access should be 
possible

Batching should be 
possible

Ideally, 1 sample should not occupy the instrument without it still being able to process other 
samples (that is, random access or parallel analyses should be possible). If the platform is 
multiplexed, then running different assays at the same time should be feasible.

Walk-away 
operation

These features are 
required; there should 
not be a need for 
operator intervention 
once the sample has 
been placed into or on 
the instrument

No more than 1 step 
of operator intervention 
should be needed once 
the sample has been 
placed into or on the 
system

Once the sample has been loaded into an instrument, then further operator intervention 
should not be required until detection has occurred. This characteristic is related to the 
characteristics for sample preparation and assay processing (that is, the steps needing to be 
completed after a sample has been obtained).

Biosafety Should have the same 
requirements as the 
Xpert MTB/RIF assay

Should have the same 
requirements as the 
Xpert MTB/RIF assay

A biosafety cabinet is not commonly available at the level of a microscopy centre; further 
information is provided in WHO’s Tuberculosis Laboratory Biosafety Manual.

(8, 20, 52)

Waste disposal –  
solid

Should require no more 
than smear microscopy; 
should have the 
possibility of recycling 
some waste

Should require no more 
than Xpert MTB/RIF

Further information is provided in WHO’s Tuberculosis Laboratory Biosafety Manual and the 
policy update on using the Xpert MTB/RIF assay.

(52, 67)

Waste disposal – 
infectious

Should require no more 
than Xpert MTB/RIF

Should require no more 
than Xpert MTB/RIF

Further information is provided in WHO’s Tuberculosis Laboratory Biosafety Manual and the 
policy update on using the Xpert MTB/RIF assay.

(52, 67)

Multiuse platform Yes None required Multiplex testing or the ability to use a platform to perform different tests will likely increase 
the acceptability of the new test, especially in the private sector.

Instrument Ideally, would be a 
single integrated system 
that is modular to 
allow throughput to be 
increased if needed

Up to 2 instruments 
within the system that 
are independent of 
each other

Ideally, a single device is preferred but up to 2 instruments are acceptable (for example, for 
separate sample processing and detection).
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Power 
requirements a

Battery operated with 
the ability to run for 
1 day on the battery, 
and with recharging 
capability (which could 
be solar powered) and 
a circuit protector

Capable of running 
on standard electricity 
plus an uninterrupted 
power supply unit to 
enable a cycle to be 
completed in case of 
a power outage; a 
circuit protector should 
be included; the 
uninterrupted power 
supply and circuit 
protector must be 
integrated within the 
system

Continuous power is not always available at the level of a microscopy centre; therefore, 
a battery-operated device that can be recharged, possibly using solar power, would be 
ideal.

(8, 20)

Maintenance  
and calibration a

Preventative 
maintenance should not 
be needed until after 
2 years or > 5000 
samples; an alert should 
be included to indicate 
when maintenance 
is needed; should be 
able to be calibrated 
remotely, or no 
calibration should be 
needed

Preventative 
maintenance should 
not be needed until 
after 1 year or 1000 
samples; an alert should 
be included to indicate 
when maintenance 
is needed; should be 
able to be calibrated 
remotely, or no 
calibration should be 
needed

A maintenance alert is necessary to ensure proper functioning in settings where it is unlikely 
that the same person will always handle the device and that records will be kept about the 
duration of use. 
Furthermore, it will be essential that only simple tools and minimal expertise are necessary to 
perform maintenance, given the quantity of devices that are likely to be used; additionally, 
service visits are unlikely to be feasible outside of urban settings.

(22, 31, 68)

Data analysis Data analysis should be integrated into the 
device; a PC should not be required; exported 
data should be capable of being analysed on a 
separate or networked PC

Result 
documentation, 
data display

An integrated results 
screen and the ability 
to save and print results 
should be included; the 
device should have a 
USB port

An integrated results 
screen and the ability 
to save results should 
be included; the device 
should have a USB port

Results should be simple to interpret (for example, positive versus negative for TB detection, 
or present versus absent for drug resistance). Information that would allow a more detailed 
interpretation of results should be available (for example, information on the mutations 
detected) for surveillance purposes or more differentiated clinical decision-making; however, 
it should be possible to hide this information if necessary.
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Regulatory 
requirements

Manufacturing of the assay and system should 
comply with ISO EN 13485 or higher standards 
or regulations, and comply with ISO IEC 62304 
Medical Device Data Systems; the manufacturing 
facility should be certified and authorized for use 
by a regulatory authority that is a member of the 
International Medical Device Regulators Forum, 
formerly known as Global Harmonization Task 
Force; the assay must be registered for in vitro 
diagnostic use

Data export 
(connectivity and 
interoperability)

All data should be 
able to be exported 
(including data on 
use of the device, 
error rates and rates 
of invalid tests, and 
personalized, protected 
results) over a USB port 
and network; network 
connectivity should 
be available through 
an Ethernet, Wi-Fi, or 
GSM/UMTS mobile 
broadband modem, 
or a combination of 
these; results should 
be encoded using a 
documented standard 
(such as HL7) and be 
formatted as JSON 
text; JSON data should 
be transmitted through 
HTTP(S) to a local or 
remote server as results 
are generated; results 
should be stored locally 
and queued during 
network interruptions 
to be sent as a batch 
when connectivity is 
restored

Integrated ability for all 
data to be exported 
from the device in a 
user-friendly format 
(including data on 
use of the device, 
error rates or rates of 
invalid tests, and non-
personalized results) 
over a USB port

Mobile phone capacity is frequently available even at the level of microscopy centres. 
This could be leveraged for data export, quality control, supply-chain management and 
surveillance.

(8, 20, 53)
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Electronics  
and software

Should be integrated 
into the instrument

Should be integrated 
into the instrument

If a separate PC is needed, it will likely limit the ability to update software, since staff with 
the skills needed to operate a PC are not present in all microscopy centres. Furthermore, 
security will be an issue, and separate PCs might be stolen.

Operating 
temperature 
and humidity 
level a

Between +5 °C to 
+50 °C with 90% 
humidity

Between +5 °C and 
+40 °C with 70% 
humidity

High environmental temperatures and high humidity are often present in countries where 
TB is endemic. Dust also is a problem in these settings, and the need to adequately protect 
optics should be considered.

(20, 31)

Reagent kit –
transport

No cold chain should 
be required; should be 
able to tolerate stress 
during transport for a 
minimum of 72 hours at 
-15 °C to +50 °C

No cold chain 
required; should be 
able to tolerate stress 
during transport for a 
minimum of 72 hours at 
-15 °C to +40 °C

Refrigerated transport is costly and often cannot be guaranteed for the entire transportation 
process. Frequent delays in transport are commonplace.

(8, 20)

Reagent kit – 
storage and 
stability

2 years at +5 °C to 
+40 °C with 90% 
humidity; should be 
able to tolerate stress 
during transport for a 
minimum of 72 hours at 
+50 °C; no cold chain 
should be required

12 months at +5 °C 
to +35 °C with 70% 
humidity; should be 
able to tolerate stress 
during transport for a 
minimum of 72 hours at 
+50 °C; no cold chain 
should be required

High environmental temperatures and high humidity are often present in countries where TB 
is endemic; they are especially problematic during the transport of reagents and systems.

(8, 20, 31)

Additional 
supplies (not 
included in kit)

None None

Internal quality 
control

Full controls for sample processing, amplification 
and detection of TB should be included

(22, 31, 68)

Training and 
education

6 work hours for 
staff at the level of a 
microscopy technician

3 days (or 24 work 
hours) for staff at the 
level of a laboratory 
technician

DST, drug-susceptibility testing; HRZE, isoniazid , rifampicin, pyrazinamide, ethambutol; REMox, rifampicin, moxifloxacin, pyrazinamide, ethambutol; PaMZ, Pa824, moxifloxacin, pyrazinamide; 
PZA, pyrazinamide; RIF, rifampicin; PPV, positive predictive value; MDR-TB, multidrug-resistant TB; FQ, fluoroquinolone; MOX, moxifloxacin; INH, isoniazid; AG, aminoglycoside; CAP, capreomycin; 
LVX, levofloxacin; SNP, single nucleotide polymorphism; PCR, polymerase chain reaction; PC, personal computer; GSM, Global System for Mobile Communications; UMTS, Universal Mobile 
Telecommunications System.
a These characteristics were considered to be the most important.
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Catharina Boehme

09:00 – 09:20 Overview: Need for TPPs, landscape of different TPPs, 
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Madhukar Pai
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decisions/outstanding questions
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Rapporteur: Chris Gilpin
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Catharina Boehme
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CPTR framework

Marco Schito

15:30 – 15:50 New regimens: the need for rapid Mox and PZA testing Carl Mendel

15:50 – 16:10 TPP-relevant results from WHO-coordinated surveillance 
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