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EndTB targets will not be achieved
…if we only address active TB
TB Deaths

TB Incidence
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What we have: TST & IGRAs

-90%

Courtesy of Global TB Program

• Reasonable tests to detect persistent infection
• Poor performance to predict progression

What we want: tests that better predict progression
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Opportunities
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tests are much less effective (Figure 1).
Screening strategies such as untargeted door-todoor campaigns, with universal culture, targeting individuals at all stages along the TB disease spectrum,
will not only be cost-inefficient if scaled up on a population level, they will also identify an unacceptably high
number of false-positive cases and individuals who
cannot be placed on treatment. By contrast, screening
strategies that target only those individuals who are
sufficiently ill that they would soon otherwise present
for passive case detection are unlikely to have an important individual- or population-level impact. Failure
to diagnose individuals sufficiently early in disease
may explain the lack of effect on TB incidence seen in

The spectrum of TB

smokers,18 may progress along this spectrum more
rapidly than others, requiring less time for diagnosis of
early forms of TB. In the general population, earlier
disease forms of TB are difficult to distinguish from
other causes of chronic cough, such as smoking;19 the
prevalence of chronic cough may exceed 10% in
many populations.20 In high-risk populations such as
the HIV-infected, TB may be difficult to distinguish
from other comorbidities to which individuals are also
susceptible. Microbiological tests with higher sensitivity for early diagnosis of TB include culture and
Xpert® MTB/RIF (Cepheid, Sunnyvale, CA, USA).21
However, these tests are too expensive to deploy for

Re-conceptualising TB natural history
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Figure 1 The spectrum of TB disease and diagnostic yield. TB disease activity falls along a spectrum that is not necessarily linear
over time, acquiring different names as bacillary burden, symptom severity and infectiousness progress over time. This spectrum also
overlays on the ability to diagnose TB: some diagnostic approaches (e.g., four-item symptom screen) and tests (e.g., sputum smear
microscopy) that are highly effective
at theMEETING
right-hand
side of this spectrum are relatively less effective in the center, where TB
CONSENSUS
REPORT
screening seeks to have greatest impact, whereas other diagnostic approaches (e.g., screening all individuals at the time of a new
human immunodeficiency virus diagnosis) and tests (chest X-ray) may be more effective throughout the spectrum. Whereas passive
Figurerely
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Figure 3. (a) Following infection, there may be a critical period where fate of infection is determined with predisposing factors (Prd) influencing this outcome. In a
small proportion, the primary infection may be progressive; in those that control primary infection, a proportion may eliminate TB or exert highly effective control
and be at very low risk of reactivation. In the third group, control may be unstable waxing and waning in response to a variety of precipitating factors (Prc) with
reactivation of TBHuman
most likely
to occur in this high-risk group. (b) Precipitating factors (Prc) may lead to progression of disease. Prior to presentation these individuals
Immunology of Tuberculosis
may pass through a subclinical phase of active infection which may last months; during this phase Mtb may be isolated by culture or pathology may be visible
through imaging prior to symptomatic presentation. (Online version in colour.)
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approaches have also suggested a protective effect of infection.
Using national datasets over long periods of time to model the
dynamics of TB, Vynnycky & Fine [60] from data for England
and Wales 1900–1990 predicted a 16–41% protection from an
initial infection against reinfection, and Sutherland et al. [77]
from data for the Netherlands predicted 63–81% protection.
Taking an alternative strategy, Brooks-Pollock et al. [78] used
cross-sectional household data from Lima, Peru from 1996–
2002 to propose 35% protection. In detailed studies of reinfection in the rabbit model, Lurie [79] demonstrated that control
of a re-infecting strain in previously infected rabbits was
mediated by tissue resident mononuclear cells, with efficiency
of control relating to the extent of the primary lesion from the
initial infection. The mechanism of protection in humans is
not known but clearly an improved understanding of this
could greatly facilitate vaccine development.

5. Integrating the spectrum of tuberculosis with
natural history

FIGURE 2 Correlates of tuberculosis (TB) disease, infection and risk of disease. Evaluation of tests to detect
active TB disease, subclinical TB disease, incipient TB disease, infection and cleared infection. M. tuberculosis:
Mycobacterium tuberculosis; TST: tuberculin skin test; IGRA: interferon-γ release assay; COR: correlates of
risk; M/L: monocyte/lymphocyte.

Petruccioli, 2016

The latter is a major issue in TB-endemic areas and leads to poor predictive value for the development of
TB in persons with LTBI [25, 43, 44]. These limitations provide a compelling reason why a simple measure
of IFN-γ response does not allow correct evaluation of risk of progression from latency to active disease. It

We and others have suggested that asymptomatic people
considered to have latent TB might be better considered
as part of a spectrum of infection states where at one end
Schematic of test results for immune memory response (A), for a test of persistent infection (B) and for a test of incipient TB (C-D) as
predictor of progression to tuberculosis disease. The red colour denotes a positive test. TB: tuberculosis disease, i.e. symptomatic
disease with evidence of pathology. Exposure: moment at which individual is exposed to Mycobacterium tuberculosis. Precipitating
event: event that results in failure of host control of infection. True positive: the test is positive and TB disease occurs. True negative:
the test is negative and no TB disease occurs. False positive: the test is positive but no TB disease occurs. False negative: the test
is negative but TB disease does occur. Lower case letters denote probabilities: a – probability that infection spontaneously cleared;
b – probability that incipient TB occurs; c – probability that progression from incipient TB to TB disease is spontaneously halted; d –
probability that infection had occurred upon previous exposure. Vertical blue line: moment when test is done (panels C and D only).

Cobelens, 2016

FIGURE 1 (A) Hypothesized stages of response to M. tuberculosis infection, beginning
with elimination mediated by innate immune cells without induction of a long-lasting
memory response; further stages of elimination may be mediated via acquired immune
mechanisms. If antigen-speciﬁc eﬀector memory persists, this can be measured via IFN-γ
release assays (IGRA) or tuberculin skin test (TST) and may provide protection from
infection for a variable period of time. If the acquired immunity does not eliminate the
bacteria, then infection will persist over a range of bacterial states. Increasing bacterial
load is hypothesized to correlate with progression to active TB. (B) For all exposed in-

Scriba, 2017

infection may have been eliminated, while at the other end disease may be active but in a subclinical form, and between these
two extremes infection is controlled in a quiescent state [80–84].
When carefully considering the natural history of infection, it
seems plausible that soon after initial infection and immune
sensitization there are three main possible outcomes influenced
by predisposing factors that determine the course of infection
during this critical phase and alter the proportions in each
group (figure 3). Some may initially develop primary progressive disease; this may be a very small proportion in adults but
would likely be more common in advanced immunosuppression and infants. A second group (a high-risk group—the
main group from which reactivation disease arises) enter a
more unstable state with infection taking a waxing–waning
course during which periods of progression triggered by
precipitating factors may be followed by control (which may
lead to evidence of immunopathology) or the development of
clinical disease. Some precipitating factors may be more
potent than others; very potent precipitating factors (such as
anti-TNF and HIV) may have the effect of causing rapid progression over a short time interval. It is also in this group that
isoniazid preventive therapy may be most effective. A third
group may rapidly and effectively control infection and
eventually may even sterilize the organism and may be at
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TPP and framework for evaluation

For tests predicting progression from tuberculosis infection to active disease

Result of expert consultation process led by the NDWG, WHO,
FIND and AIGHD
Contains guidance to inform test manufacturers, researchers and
research funders to support development of novel tests
Three parts of report
1.
2.
3.

Description of evolving concept of TB infection
TPP for a test of progression
Guidance on study design
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TPP Performance targets

Recent RNA work aligns with new concepts and holds promise for getting to better tests

(Zak et al. 2016)

Products in pipeline
• QFT-Plus and QFT-Predict (Qiagen)
• QIA-TB Signature (Qiagen)
• T-cell Immune Profiling (BD)
• RTT TB (Lophius)
• Incipient TB Assay (Abbott)
• and others
Biomarkers:
• RNA signatures
• IFN-γ release after T-cell stimulation
with new antigens
• Cell differentiation markers (eg. CD27)
• Cytokine levels in blood (eg. IP-10)

• 2-3% PPV of existing products to detect latent TB (IGRA and TST) is too low
• Doubling the PPV is required to meet the Minimum TPP target (6%)
• Several companies are working on products with higher PPV («driven» by high-income country market)
• Market Entry ≥2020
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Challenges

8

Predicting a rare event: a dual challenge
Downloaded from http://rstb.royalsocietypublishing.org/ on October 6, 2015
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Figure 2 (A,B,C,D): Schematic of test results for immune memory response for a test of persist
infection and for a test of incipient TB as predictor of progression to tuberculosis disease
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Schematic of test results for immune memory response (A), for a test of persistent infection (B) and for a test of incipient TB (Cpredictor of progression to tuberculosis disease. The red colour denotes a positive test. TB: tuberculosis disease, i.e. symptom
disease with evidence of pathology. Exposure: moment at which individual is exposed to Mycobacterium tuberculosis. Precipit
event: event that results in failure of host control of infection. True positive: the test is positive and TB disease occurs. True neg
the test is negative and no TB disease occurs. False positive: the test is positive but no TB disease occurs. False negative: the
is negative but TB disease does occur. Lower case letters denote probabilities: a – probability that infection spontaneously cle
b – probability that incipient TB occurs; c – probability that progression from incipient TB to TB disease is spontaneously halted
probability that infection had occurred upon previous exposure. Vertical blue line: moment when test is done (panels C and D o

Cobelens, 2016

Prc
subclinical active phase

clinical TB

6

consensus_meeting_report.indd 6

2

100

pathology

unstable LTBI

culture

90

imaging
time (months)

Note that a test with
Se/Sp 99/99 would
yield PPV=67%

Specificity
70
80

Figure 3. (a) Following infection, there may be a critical period where fate of infection is determined with predisposing factors (Prd) influencing this outcome. In a
small proportion, the primary infection may be progressive; in those that control primary infection, a proportion may eliminate TB or exert highly effective control
and be at very low risk of reactivation. In the third group, control may be unstable waxing and waning in response to a variety of precipitating factors (Prc) with
reactivation of TB most likely to occur in this high-risk group. (b) Precipitating factors (Prc) may lead to progression of disease. Prior to presentation these individuals
may pass through a subclinical phase of active infection which may last months; during this phase Mtb may be isolated by culture or pathology may be visible
through imaging prior to symptomatic presentation. (Online version in colour.)
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Prediction ≠ diagnosis
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Articles

Operational/implementation challenges
Population

completing latent tuberculosis infection treatment (ie,
the two ends of the cascade). Studies that reported
contact investigations without reporting the number
intended to be screened were included if the number of
index cases with pulmonary tuberculosis was given. In
these studies, we extrapolated the number of contacts
from the number of index cases, using the average
number of close contacts identified per index case
reported in two recent systematic reviews.7,24 We
included studies that did not report the number of
patients completing therapy for latent tuberculosis
infection if the number starting therapy was given. In
this circumstance, we extrapolated the number
completing therapy based on the number starting and
indication for testing, using data from a recent
systematic review on treatment completion that was
stratified by indication.12
Two reviewers (HA and DM) independently reviewed
titles, then abstracts, and then full-text articles. At each
step, decisions were compared and disagreements
about study selection resolved by consensus between
the two reviewers.

have latent tuberculosis (total number intended to be
screened multiplied by the proportion with a positive
test), and was used to generate forest plots of the
estimated impact on the full range of the cascade.
Extrapolated values for number intended to screen and
completing therapy were not used for the analysis of
factors associated with losses at each step. To estimate

373 articles identified from search

7 added from references of reviews
270 excluded after review of title and abstract

110 full-text articles selected for review

• Broad (high impact… BUT low relative yield / cost-effectiveness)
• Narrow (lower impact …BUT higher relative yield / cost-effectiveness)

52 full-text articles excluded
14 were reviews
4 were RCTs
14 initial numbers of patients identified or screened
not specified
17 final numbers of patients treated not
specified
1 no test positive specified
1 duplicate publication
1 could not obtain

Data analysis

• POC (clinical need, sample type, sample processing)
• Centralized (sample stability, transport, cascade of care)

Ruling out active TB

• Which tests (incipient TB test, symptom-screen, CXR, bacteriol. testing)
• Where in algorithm

Repeat testing

www.thelancet.com/infection Vol 16 November 2016

58 studies included describing 70 cohorts and
748 572 participants

Figure 1: Study selection
RCT=randomised controlled trials.

100

Proportion with latent tuberculosis intended for screening (%)

Placement

Data were abstracted by two reviewers (HA and DM)
using a standardised data abstraction form. Both
authors in duplicate extracted data for 14 studies and
then findings were checked for concordance. Data from
the remaining studies were abstracted by a single
reviewer. Data collected included author, years, country
(using World Bank classifications as low-income or
middle-income country [LMIC] or high income), population screened and risks for latent tuberculosis
infection, type of screening test (TST or IGRA),
characteristics of population studied (age, sex, etc), and
treatment given (isoniazid or rifamycin based).
Programmes were labelled outbreaks or pilots if
characterised as such by the authors of the source
paper; otherwise they were considered routine.
Numbers extracted were the reported numbers of
patients who: were intended to be screened (1), tested
(2), TST read or IGRA result obtained (3), completed
medical evaluation (4), recommended therapy (5),
accepted or started therapy (6), and completed therapy
(7). Data for risk factors for losses at these steps were
also recorded.
The pooled proportion of participants with latent
tuberculosis infection completing each step in the
cascade was estimated using random eﬀects metaanalyses with PROC Nlmixed in SAS version 9.3. These
pooled proportions were also estimated in subgroups
stratified by diﬀerent characteristics of interest. The key
outcome was the proportion who completed therapy for
latent tuberculosis infection of all those estimated to
have latent tuberculosis in the population being
screened. This was calculated by dividing the number
of people who completed therapy by those estimated to

Intended for screening 100%

90
80
70
60
50
40
30

Initially tested
71·9% (71·8–72·0)
Received a test
result
66·7% (65·6–66·9)

Referred if test positive
56·0% (55·2–56·8)

Completed medical
evaluation
43·7% (42·5–44·9)
Recommended for
treatment
35·0% (33·8–36·4)

Accepted and started
treatment
30·7% (26·8–32·1)

20
10

Completed treatment
18·8% (16·3–19·7)

0

Figure 2: Losses and drop-outs at each stage of the cascade of care in latent
tuberculosis
Numbers in parentheses are 95% CIs. The value for each level is calculated as the
product of the value from the preceding step, multiplied by the pooled estimate
for that step (from fixed-eﬀects analysis).
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• Who and why
• When and how often

WHO LTBI guidelines
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Articles

Cost
completing latent tuberculosis infection treatment (ie,
the two ends of the cascade). Studies that reported
contact investigations without reporting the number
intended to be screened were included if the number of
index cases with pulmonary tuberculosis was given. In
these studies, we extrapolated the number of contacts
from the number of index cases, using the average
number of close contacts identified per index case
reported in two recent systematic reviews.7,24 We
included studies that did not report the number of
patients completing therapy for latent tuberculosis
infection if the number starting therapy was given. In
this circumstance, we extrapolated the number
completing therapy based on the number starting and
indication for testing, using data from a recent
systematic review on treatment completion that was
stratified by indication.12
Two reviewers (HA and DM) independently reviewed
titles, then abstracts, and then full-text articles. At each
step, decisions were compared and disagreements
about study selection resolved by consensus between
the two reviewers.

Affordability in settings with high burden of active TB?

have latent tuberculosis (total number intended to be
screened multiplied by the proportion with a positive
test), and was used to generate forest plots of the
estimated impact on the full range of the cascade.
Extrapolated values for number intended to screen and
completing therapy were not used for the analysis of
factors associated with losses at each step. To estimate

373 articles identified from search

7 added from references of reviews
270 excluded after review of title and abstract

110 full-text articles selected for review

Cost of introducing incipient TB test…compared to what?

52 full-text articles excluded
14 were reviews
4 were RCTs
14 initial numbers of patients identified or screened
not specified
17 final numbers of patients treated not
specified
1 no test positive specified
1 duplicate publication
1 could not obtain

• No LTBI program?
• Test and treat based on TST/IGRAs?
Data analysis
Data were abstracted by two reviewers (HA and DM)
using a standardised data abstraction form. Both
• No testing, i.e. empiric treatment of high-risk groups?
authors in duplicate extracted data for 14 studies and

then findings were checked for concordance. Data from
the remaining studies were abstracted by a single
reviewer. Data collected included author, years, country
(using World Bank classifications as low-income or
middle-income country [LMIC] or high income), population screened and risks for latent tuberculosis
infection, type of screening test (TST or IGRA),
characteristics of population studied (age, sex, etc), and
treatment given (isoniazid or rifamycin based).
Programmes were labelled outbreaks or pilots if
characterised as such by the authors of the source
paper; otherwise they were considered routine.
Numbers extracted were the reported numbers of
patients who: were intended to be screened (1), tested
(2), TST read or IGRA result obtained (3), completed
medical evaluation (4), recommended therapy (5),
accepted or started therapy (6), and completed therapy
(7). Data for risk factors for losses at these steps were
also recorded.
The pooled proportion of participants with latent
tuberculosis infection completing each step in the
cascade was estimated using random eﬀects metaanalyses with PROC Nlmixed in SAS version 9.3. These
pooled proportions were also estimated in subgroups
stratified by diﬀerent characteristics of interest. The key
outcome was the proportion who completed therapy for

25% of low-TB burden countries
do not have an LTBI program

58 studies included describing 70 cohorts and
748 572 participants

Figure 1: Study selection
RCT=randomised controlled trials.

Linkage to care heavily affects cost-effectiveness
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Received a test
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56·0% (55·2–56·8)

Completed medical
evaluation
43·7% (42·5–44·9)
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treatment
35·0% (33·8–36·4)
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Outlook: ongoing work
Modeling: to estimate impact and cost-effectiveness of incipient TB tests
•
•
•
•

Erasmus (Suzanne Verver)
LSHTM (Tom Summer
IDM (Brad Wagner)
Imperial College (Nim Pathy)

Specimen collections: to facilitate test development and performance validation
• Existing specimen sources
• Integration with ongoing trials
• Dedicated specimen collection

CORTIS trial (NCT02735590)
• Validation of performance of COR signature (HIV-/HIV+)
• Efficacy of preventive regimen for COR+ individuals
• Value of repeat testing
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Conclusions
We need better tests for incipient TB to reach the EndTB targets
There are good reasons to be optimistic…
•
•
•
•

Growing recognition as an important need
Renewed interest in the area: ongoing conceptual and biomarker discovery work
Attractive high income market: helps drive assay development work
WHO report helps provide foundation for progress

…but important challenges and questions remain
•
•
•
•

Discovery: signatures with adequate performance for prediction (and finding sensitivity-specificity balance)
Validation: long follow-up, few events, ethical challenges
Development: need assays that are affordable and meet other TPP targets (fit lower income settings)
Implementation: operational and implementation challenges
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Thank you!
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