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In their recent Review (The spectrum of 
latent tuberculosis: rethinking the biology and 
intervention strategies. Nature Rev. Microbiol. 
7, 845–855 (2009))1, Barry and colleagues 
argue that Mycobacterium tuberculosis infec-
tion may be better viewed as a continuous 
spectrum, extending from sterilizing immu-
nity to active infection and clinical disease1. 
They suggest that treatment of M. tuberculosis 
infection might be most effective when 
targeted towards the part of the spectrum 
that corresponds to those individuals who 
are at the highest risk of progression to 
disease. These suggestions are reasonable, 
and literature on interferon-γ (IFNγ) release 
assays (IGRAs) adds some support to these 
arguments.

Although I agree with the recommenda-
tion to give up the binary classification of 
latent versus active tuberculosis (TB), we are 
still left with a huge diagnostic challenge: 
none of the current tests for latent TB separate 
out the various possible underlying subgroups 
(or phenotypes) in the spectrum. The tuber-
culin skin test (TST) is likely to be positive 
in all of the proposed stages of the spectrum, 
with the possible exception of the phase in 

which infection is eliminated without prim-
ing of antigen-specific T cells. IGRAs are also 
likely to follow the same pattern. Thus, none 
of the existing tests can accurately identify 
the subgroup that is at risk of progression 
to disease. This is borne out by the sobering 
fact that IGRAs have been shown to have 
only a modest predictive ability, and several 
studies show similar (and rather low) rates of 
progression among individuals with positive 
TST and IGRA results2–6. For example, 
the incidence rate of active disease in TB 
contacts with positive IGRA results was 
9.2 per 1000 person-years (PY) in the 
Gambia2, 20.5 per 1000 PY in Turkey4 and 
7.7 per 1000 PY in Colombia6. These data 
suggest that even among IGRA-positive 
exposed individuals in TB-endemic settings, 
the rates of disease progression are low.

A majority of patients with a positive 
IGRA (or TST) will not progress to active 
TB, and these individuals presumably do not 
need preventive therapy. This could be, in 
part, because IFNγ alone might not be suf-
ficient as a biomarker for disease progression, 
probably because the antigen-specific IFNγ 
response is switched on in almost all stages 

of the TB spectrum and because a positive 
IGRA (or TST) result does not necessarily 
detect live bacilli7. Furthermore, a single 
TST or IGRA result cannot resolve the 
underlying phenotypes, because they do 
not capture information about when infec-
tion occurred and whether the infection 
was fully, partly or not at all eliminated by 
the host. Therefore, a single TST or IGRA 
result may never attain high predictive or 
prognostic ability.

Although IGRAs may not be highly 
predictive, the fact that these assays can be 
repeated without sensitization and boosting is 
an advantage, because they allow us to explore 
the dynamics of TB infection. Repeated 
tuberculin tests are rarely carried out because 
of the belief that, once positive, a TST is 
likely to remain positive and, therefore, not 
clinically useful; even when tests are repeated, 
the results are hard to interpret. Serial IGRA 
testing shows that IGRAs are highly dynamic, 
with high rates of conversions and rever-
sions8–14. Although some of the dynamic 
changes may be due to test reproducibility13,15, 
some of the kinetics might signal the underly-
ing transitions that occur in the TB spectrum. 
For example, rapid reversion of a positive 
IGRA after exposure is well documented10 
and could imply that infection was eliminated 
in association with transient T cell priming.

On the basis of the research that I and 
others have carried out8–14, I believe that 
serial IGRA testing can reveal interesting 
underlying phenotypes that have different 
histories and trajectories (FIG. 1). Some 
individuals convert their IGRA result 
from negative to positive and then revert 
again. Others convert their IGRA result 
and stay converted, at least in the short 
term. Certain individuals are repeatedly 
IGRA-positive for a long time, and others 
remain IGRA-negative for years, despite 
ongoing TB exposure. Although no data 
exist to link these trajectories of test results 
with disease progression, it is inconceivable 
that all of these phenotypes will have the 
same prognosis. Intuitively, those who are 
‘persistently negative’ should have the best 
prognosis. It likely that those who are ‘per-
sistently positive’ for a long period will have 
a better prognosis than those who recently 
converted and stayed positive (‘stable con-
versions’). Those with a transiently positive 
IGRA result (‘unstable conversions’) may 
have a low likelihood of disease progression, 
possibly similar to the persistently negative 
group. Without serial testing, the underlying 
phenotypes are not separable, and this will 
undermine the predictive value of a single 
test result.

Spectrum of latent tuberculosis — 
existing tests cannot resolve the 
underlying phenotypes
Madhukar Pai

Figure 1 | Serial testing with antigen-specific T cell interferon-γ release assays reveals under-
lying phenotypes that are unlikely to have the same prognosis. The persistently positive pattern 
is seen in individuals who are repeatedly interferon-γ release assay (IGRA)-positive for a long time. 
Unstable conversion refers to individuals who convert their IGRA result from negative to positive and 
then revert again to negativity. Stable conversion refers to individuals who convert their IGRA result 
and stay converted, at least in the short term. Persistently negative refers to individuals who stay 
repeatedly IGRA-negative for a long time.
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Can the predictive value of IGRAs be 
enhanced by using the quantitative IFNγ 
response? Are those infected individuals 
with strongly elevated IFNγ levels most 
likely to progress to active disease? If yes, a 
second cut-off, higher than the diagnostic 
cut-off, could be used to identify the 
subgroup that can benefit from preventive 
therapy. This hypothesis has been pro-
posed16 and is supported by limited evi-
dence6, but again a single test showing an 
elevated IFNγ response does not provide 
information on when the response became 
elevated (whether this was recently or in 
the past) or whether it has stayed elevated 
for a long time (whether it has been 
persistently elevated or not). In summary, 
current latent TB tests cannot resolve 
the latent TB spectrum, especially with 
one-time testing. Without more predictive 
biomarkers or combinations of biomark-
ers, or novel serial testing strategies, we 
may not be able to translate biological 
advances into clinical interventions that 
can eliminate TB.
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