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New Diagnostics to Infer Risk in Tuberculosis
Is the Term “Latent Tuberculosis Infection” Obsolete?

Accurate diagnosis and estimation of risk in latent tuberculous infection
(LTBI) remains a major clinical and global health challenge (1, 2).
Mycobacterium tuberculosis (Mtb) infection reflects a continuum
between LTBI and active tuberculosis (TB). LTBI is themost common
formMtb infection, which affects one-quarter of the world’s population
and kills approximately 2,000,000 people every year (3, 4).
Immunocompetent individuals with LTBI have a 5–10% risk of
developing active TB during their lifetime, most commonly within the
first 2 years after exposure (5). Treatment of LTBI is effective in
reducing the risk of developing subsequent active TB disease, but
identifying patients most at risk of developing active TB and ensuring
successful LTBI treatment remain significant challenges (1, 2).

Available laboratory tests for the detection of LTBI have serious
diagnostic limitations, including a poor predictive value (,5%) for
identifying subjects with LTBI who will actually develop active TB (1).
Tuberculin skin testing and IFN-g release assays can detect cell-
mediated immune reactivity inMtb infection. However, none of these
tests can differentiate LTBI from active TB, nor can they distinguish
between those who achieve subsequent bacterial clearance and/or
effective infection containment from others who have silent and
persistent infection at high risk to develop TB (6). Therefore,
improvements in current TB diagnostics are urgently needed not only
to improve both sensitivity and specificity of Mtb infection detection
but also to more accurately determine the risk of progression or
reactivation into active disease. Such advances in diagnostic testing
could consequently improve the selection of people who would
actually benefit from TB preventive therapy, thus helping to improve
TB control and eradication efforts in many parts of the world (1, 2, 7).

TheWorld Health Organization established the goal of reducing
active TB and correspondingmortality by 90% and 95%, respectively,
by 2035. This will be unachievable without new prevention strategies,
including new diagnostic approaches for rapidly identifying infection in

asymptomatic patients at the highest risk for developing active TB (1, 2,
8). Fortunately, there has been important scientific progress in recent
years in our understanding of TB pathophysiology as well as in the
development of new predictive diagnostics and preventive therapies (6).
Among these new TB diagnostics, detection of blood RNA signatures
have been validated to not only differentiate LTBI from TB but also to
predict those who will likely progress to TB (“incipient TB”) within 2
years (7, 9, 10). Blood-based immune profilingmethods have been
developed and validated to differentiate LTBI from TB, but until now,
their predictive value has not been validated in adults (7, 11).

In this issue of the Journal, Mpande and colleagues (pp.
1556–1565) retrospectively studied antigen-specific T-cell activation
markers in blood, measured with flow cytometry (FC) assays that can
stratify different stages of TB infection and thus infer risk of TB
progression (12). They selected a subset of available blood samples from
a large prospective adolescent cohort study that were serially tested with
QuantiFERON-TBGold In-Tube (QFT) to define “recent” (QFT
conversion,6mo) and “remote” (persistent QFT1 for.1 yr) TB
infection reactivity. They identified and defined theDHLA-DRmedian
fluorescence intensity (MFI) biomarker as the difference inHLA-DR
expression between IFN-g1 TNF1Mtb-specific and total CD31 T
cells (12, 13). The diagnostic performance of this composite FC
biomarker was assessed by blinded prediction in test cohorts with
“recent” versus “remote” TB infection reactivity. They also applied a
single-cell TCR sequencing tomeasure theDHLA-DRMFI biomarker
results and conducted an unblinded analysis of asymptomatic
individuals with LTBI who remained healthy (nonprogressors) or who
progressed tomicrobiologically confirmed TB disease (progressors)
from a separate cohort of the same adolescent study. In the test cohorts,
frequencies ofMtb-specific T cells differentiated betweenQFT(2) and
QFT(1) individuals (area under the curve [AUC] of the receiver
operating characteristic curve and 95% confidence intervals: 0.94; 0.
87–1.00).DHLA-DR significantly differentiates between “recent” and
“remote” individuals with TB infection reactivity (0.91; 0.83–1.00),
“remote” TB infection reactivity and newly diagnosed TB (0.99; 0.96–1.
00), and TB progressors and nonprogressors (0.75; 0.63–0.87). The
authors conclude that theDHLA-DR biomarker can identify individuals
with recentMtb infection and those with disease progression, allowing
targeted provision of preventive treatment to those at highest risk of TB
(12).

We applaud the authors for this important research work with
high significance for global TB control. The study was retrospective but
reasonably well-designed and utilized stored blood samples from a large
prospective cohort study for their training, testing, and validation study
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cohorts. The study team has also published other promising RNA-based
biomarkers and diagnostics to predict incipient TB, which have been
validated with cohort data from other TB endemic areas in the world (9,
14). This immune profiling work is also innovative because the authors
developed and validated a simplified FCmethod that can be applied to
not only accurately detect and differentiate “recent” and “remote” TB
infection reactivity but also incipient TB and active TB (12, 15). In fact,
theDHLA-DRMFI assay has a diagnostic performance similar to the
best predictive blood-RNA signatures (e.g., AUC of�0.75) to predict
TB progressor versus nonprogressors up to 2 years (9, 12). The study
limitations included bias associated with selecting participants based on
sample availability and testing validation in a nonindependent study
cohort. Additionally, testingmethods were not the same in the
validation cohort, precluding the determination of diagnostic thresholds
for theDHLA-DRMFI assay. This study also did not include HIV-
infected and other immunosuppressed subjects to further determine
diagnostic accuracy in this higher risk group for TB; however, a similar
FC assay has shown excellent diagnostic accuracy (AUC of 0.99) in
differentiating LTBI from TB inHIV-positive individuals (11).
Importantly, theDHLA-DRMFImethod has not been validated in
large groups of TB-unexposed individuals to accurately determine the
specificity of this promising TB diagnostic method.

Despite these limitations, this work contributes to improving TB
diagnostics by validating anMtb antigen–specific immune profiling
method that significantly raises the predictive value of the available
testingmethods. This novel diagnostic approach along with appropriate
clinical evaluationsmay help further optimize treatment prevention
strategies in areas of the work with experience and access to these
immune profiling assays. Further validation studies of this novel
immune biomarker and similar methods are needed tomeet the
minimumWorld Health Organization target product profile
parameters for incipient TB in various settings and populations at risk
(2, 6, 9). It is also important to determine if these new predictive TB
biomarkers will return to preinfection levels after treatment completion
to assess response and risk reduction, as previously suggested (16, 17).
Lastly, it also remains to be seen if these new diagnostic-guided
approaches for rapid disease prevention would improve TB control and
eradication efforts in TB endemic and nonendemic areas.

Importantly, it was challenging to apply the broad concept and
current diagnosis definition of LTBI to the study subjects with
“remote” or persistent QFT(1) reactivity and the ones with “recent”
QFT(1) reactivity. In this regard, we suggest changing the term
“LTBI” to “TB infection reactivity,” which can be applied to both
postinfection immune reactivity and different stages of asymptomatic
TB infection. The categories of low, high, or indeterminate risk can be
added to the term “TB infection reactivity” to provide an assessment
or interpretation of TB progression risk for both the available tests and
the newly developed host-related TB diagnostics in the absence of a
gold standard test to directly measure host bacillary burden in
asymptomatic Mtb infections. This proposed terminology will enable
a more individualized and risk-based diagnosis for the optimal
management of the different stages of asymptomatic Mtb infection,
including low-risk TB infection, high-risk or incipient TB infection,
and posttreatment immune reactivity, and differentiation from
subclinical TB and clinical TB.�
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