
electrical activity of the diaphragm (1). Whether (central)
inhibition (or inhibition of the supplementary motor cortex) is
present in ventilated patients with abnormal sleep remains to be
determined.

The elegant investigation of Rault and colleagues (1) is
provocative. The investigators have set the stage for the objective
study of the physiologic maze that accompanies sleep deprivation.
One challenge will be to unravel the sex-specific effect of sleep
deprivation on dyspnea, spinal and supraspinal reflex inhibition,
and function of the primary motor cortex. Another challenge
will be to determine the effect of sleep deprivation in critically
ill patients, including those who fail invasive and noninvasive
ventilation. The challenge is formidable, but now is the time to
tackle it. n
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4. Elvsåshagen T, Mutsaerts HJ, Zak N, Norbom LB, Quraishi SH,
Pedersen PØ, et al. Cerebral blood flow changes after a day of

wake, sleep, and sleep deprivation. Neuroimage 2019;186:
497–509.

5. Rosales-Lagarde A, Armony JL, Del Rı́o-Portilla Y, Trejo-Martı́nez D,
Conde R, Corsi-Cabrera M. Enhanced emotional reactivity after
selective REM sleep deprivation in humans: an fMRI study. Front
Behav Neurosci 2012;6:25.

6. Laghi F, Shaikh HS, Morales D, Sinderby C, Jubran A, Tobin MJ.
Diaphragmatic neuromechanical coupling and mechanisms of
hypercapnia during inspiratory loading. Respir Physiol Neurobiol
2014;198:32–41.

7. Raux M, Demoule A, Redolfi S, Morelot-Panzini C, Similowski T.
Reduced phrenic motoneuron recruitment during sustained
inspiratory threshold loading compared to single-breath loading:
a twitch interpolation study. Front Physiol 2016;7:537.

8. De Gennaro L, Marzano C, Veniero D, Moroni F, Fratello F,
Curcio G, et al. Neurophysiological correlates of sleepiness: a
combined TMS and EEG study. Neuroimage 2007;36:1277–
1287.

9. Civardi C, Boccagni C, Vicentini R, Bolamperti L, Tarletti R, Varrasi C,
et al. Cortical excitability and sleep deprivation: a transcranial
magnetic stimulation study. J Neurol Neurosurg Psychiatry 2001;71:
809–812.

10. Kreuzer P, Langguth B, Popp R, Raster R, Busch V, Frank E, et al.
Reduced intra-cortical inhibition after sleep deprivation: a
transcranial magnetic stimulation study. Neurosci Lett 2011;493:
63–66.

11. Roche Campo F, Drouot X, Thille AW, Galia F, Cabello B, d’Ortho M-P,
et al. Poor sleep quality is associated with late noninvasive
ventilation failure in patients with acute hypercapnic respiratory
failure. Crit Care Med 2010;38:477–485.

12. Dres M, Younes M, Rittayamai N, Kendzerska T, Telias I, Grieco DL,
et al. Sleep and pathological wakefulness at the time of liberation
from mechanical ventilation (SLEEWE): a prospective multicenter
physiological study. Am J Respir Crit Care Med 2019;199:
1106–1115.

13. Olbrich E, Landolt HP, Achermann P. Effect of prolonged wakefulness
on electroencephalographic oscillatory activity during sleep.
J Sleep Res 2014;23:253–260.

14. Jubran A, Tobin MJ. Pathophysiologic basis of acute respiratory
distress in patients who fail a trial of weaning from
mechanical ventilation. Am J Respir Crit Care Med 1997;155:
906–915.

15. Doorduin J, Roesthuis LH, Jansen D, van der Hoeven JG, van Hees
HWH, Heunks LMA. Respiratory muscle effort during expiration
in successful and failed weaning from mechanical ventilation.
Anesthesiology 2018;129:490–501.

Copyright © 2020 by the American Thoracic Society

Latent Tuberculosis Infection–associated Immunodiagnostic Test
Responses as Biomarkers of Incipient Tuberculosis: Fruitful or Futile?

Latent tuberculosis infection (LTBI) constitutes part of the TB
disease spectrum (1, 2). The diagnosis and treatment of LTBI is
important, as global eradication targets will not be attainable

without treating LTBI (3).These considerations also apply to drug-
resistant TB, which threatens to derail control efforts (4). The
World Health Organization has recently recommended that close
contacts of index cases of TB, even in TB endemic countries,
should be considered for LTBI treatment (even if they are HIV-
uninfected or not children) (5). However, the diagnosis of LTBI
is challenging. Unlike with active TB, in humans there is no
microbiological or histopathological reference standard for LTBI,
and one can only infer the potential presence of LTBI using
immunodiagnostic tests, which enumerate the magnitude of
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relatively antigen-specific T-helper cell type 1 effect or T-cell
responses (6). However, it is epidemiologically well-recognized that
only a small proportion of individuals with presumed LTBI
(z5–10%) will progress to active TB over a lifetime (7).Thus, the
more important public health question is whether, and how, we can
accurately target treatment by identifying individuals who are most
likely to progress to active TB. This state is broadly defined as
“incipient TB” and is characterized by a lack of TB-related
symptoms and appropriate chest radiographic abnormalities at the
time of testing, as well as lack of any microbiological evidence of
active TB, but a high likelihood of progression to active TB in the
short-term, with the potential for perpetuating the transmission
cycle (2). The duration from initial exposure to incipient TB or
active disease is variable and will depend on several host,
mycobacterial, and environmental factors. Epidemiological data
suggest that of those infected, z5% will progress to active TB over
the course of a 5-year period, with the highest risk being within the
first 2 years of exposure (8, 9). Biomarkers to identify incipient TB
has remained one of the “Holy Grails” of TB research.

Given these considerations, it has often been asked whether a
higher magnitude of the IFN-y release assay (IGRA) response, or
larger tuberculin skin test (TST) induration diameter, reflecting a
higher burden of circulating effector T cells and inferring a higher
burden of Mycobacterium tuberculosis, predicts a higher likelihood
of incipient TB. Indeed, serial IGRA responses increasing in
magnitude over time were associated with the development of
active disease in several reports, suggesting that antigen-driven
T-cell responses could be a marker of incipient TB (10). However,
there are limited and conflicting data regarding this point.
Zellweger and Haldar found no association between the magnitude
of the IFN-g response and progression to active TB (11, 12). In
contrast, Winje and colleagues interrogated a large population-
based cohort using QuantiFERON Gold In-Tube (QFT-GIT) and
found that a quantitative IGRA readout .4.0 IU/L was highly
associated (.30-fold risk compared with QFT-GIT negativity) with
the development of active TB (13). Using a different metric,
Andrews and coworkers from South Africa found that QFT-GIT
conversion at IFN-g values higher than 4.00 IU/L (but not
below this threshold) was associated with substantially increased
risk (42-fold higher risk than nonconverters) of developing
active TB over the course of a z2-year period (14). However,
although these data collectively suggested that the magnitude of
the T-cell response was associated with higher rates of downstream
active TB, there remained several unanswered questions. Did
this relationship hold true for other immunodiagnostic readouts
(such as T-SPOT.TB and the TST), what are the implications
for clinical practice, and is this relationship meaningful and
clinically useful?

The study by Gupta and coworkers in this issue of the Journal
(pp. 984–991) provides answers to some of these questions (15).
Their findings were based on the results of the prospective UK
PREDICT (UK Prognostic Evaluation of Diagnostic IGRAs
Consortium) study that evaluated three immunodiagnostic tests
(T-SPOT.TB, QFT-GIT, and TST) in almost 10,000 participants
who were at high risk for LTBI (close contacts of active TB cases or
recent migrants) sequentially recruited from 54 centers in the
United Kingdom (16). They found that although the magnitude of
the IGRA (both QFT-GIT and T-SPOT.TB) and the TST response
was a biomarker of incipient TB, the threshold-specific positive

predictive value for all three immunodiagnostic tests for active TB
over a median follow-up of z3 years was poor at ,5%. This is
because there were many nonprogressors who had a magnitude of
response at or above the threshold identifying incipient TB.
Moreover, using this higher threshold in clinical practice would
result in a substantial drop in test sensitivity to detect active TB
cases, making the usefulness of such an approach redundant. This
is because IGRAs and TSTs are simply poor tests of incipient TB.
This is not surprising, as only a small proportion of those with
LTBI (z5%) will progress to active disease.

The authors must be commended on undertaking such a
challenging study both in terms of recruitment and analysis. The
findings are helpful to clinicians and public health physicians
who are using immunodiagnostics tests in screening programs.
It suggests that alternative biomarkers of incipient TB are
urgently needed. A weakness of the study, however, despite the
drawbacks of the IGRAs, was the lack of serial testing (discussed
here). Such an approach would have only been feasible if the TST
was not performed at baseline (as tuberculin contains RD-1
antigen and can boost downstream IGRA responses) (17).To try
and circumvent the poor predictive value and specificity,
alternative immunodiagnostic readouts have been investigated
including different cytokine readouts (e.g., combination of
IL-2/IFN-y), T-cell responses to alternative antigens (e.g.,
HBHA and Ag85a [18–20]), cell activation markers (e.g., CD41

HLA-DR1 T cells [21]), and readouts from alternative
compartments including RD-1–based skin tests that are
being commercialized (22).

Other investigators have uncovered biosignatures of incipient
TB. Several studies have identified blood-based transcriptional
signatures associated with progression to active TB (23–26) with a
positive predictive value z10-fold higher than the IGRAs. These
genomic biosignatures, consisting of 3–16 gene transcripts, were
able to predict TB progression in participants with LTBI, although
a recent systematic review found that performance was variable
and better reflected the short-term risk of TB (over 3 to 6 mo).
Suliman and colleagues (27) derived a 4-gene signature, which
correlated with TB disease progression and performed well when
validated against other transcriptomic signatures. However, using
RT-PCR–based readouts may not be user-friendly or cost-effective
for TB-endemic settings. Very recently, a three- to five-protein
biosignature of incipient TB was derived and validated (28), and a
novel ultrasensitive phage-based amplification assay for incipient
TB was described (29). These data suggest that a point-of-care
assay may be a realistic goal once better biomarkers are developed
and validated.

Another broader issue raised by this study is the ambiguous
and confusing interpretation of IGRA readouts. On the one
hand, positive IGRA responses are often interpreted as a marker
of LTBI, and hence “protection,” given that z95% never progress
to active disease, and serial IGRA responses often decrease during
the course of successful TB treatment (30). In contrast, the work
of Gupta and others suggests that IGRAs are a biomarker of
incipient TB, and hence TB risk. Which is it, protection or risk?
The answer is both, depending on the clinical context. Thus,
the conundrum can be resolved by recognizing that TB is a
spectrum of infection, which is a dynamic interplay between
host and pathogen at the level of the granuloma, and this may
change over time, reflecting time point–specific host immunity

EDITORIALS

896 American Journal of Respiratory and Critical Care Medicine Volume 201 Number 8 | April 15 2020

https://doi.org/10.1164/rccm.201905-0969OC


and mycobacterial disease burden (and hence changing levels of
TB-specific effector T cells in blood). A temporal compartment-
specific effect may also influence interpretation as a result of
translocation of antigen-specific T cells from the blood to the
disease site (e.g., the lung) (31). Thus, serial measurements
may often be required to determine whether IGRA responses
are stable, increase in magnitude over time (conversion), or
reduce in magnitude over time (reversion), possibly suggesting
clearance of infection (32). This concept has been well outlined
in a recent review (6). Thus, IGRA readouts can be a marker
of protection or susceptibility depending on the context.
This will explain why patients with stable, persistently positive
IGRA responses remain asymptomatic and do not progress
to active TB over many years, whereas those with increasing
IFNg-specific spot-forming units and/or responses progress to
active TB, and others may revert to presumably clear their
infection. Thus, selecting vaccine candidates simply on their
ability to induce or drive antigen-specific IFN-y responses is
counterintuitive; rather, selection based on preventing sustained
conversion seems more logical and is an approach that has recently
been used (33).

For now, the findings of Gupta and colleagues are clinically
useful and point us in the right direction. The bottom line is that
better biomarkers of incipient TB are required, and nascent
biomarker signatures require urgent prospective clinical
validation. It is hoped that these resource-intensive and
challenging prospective validation studies (e.g., the CORTIS
[The Correlate of Risk Targeted Intervention Study] study [34])
will be fruitful rather than futile, as TB remains the foremost
infectious disease killer globally. n
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