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Data challenging the simplistic binary model of non-
pathogenic infection with Mycobacterium tuberculosis
(latent tuberculosis) versus active tuberculosis have
resulted in renewed interest in better understanding and
defining the natural history of tuberculosis.1 In the past,
latent tuberculosis was viewed as a state of bacterial
containment in some inactive form because of the
immune response to M tuberculosis. However, in recent
times, people with latent tuberculosis have been recog-
nised to include a wide spectrum of individuals, ranging
from those who previously had, and spontaneously
cleared, M tuberculosis infection to those with actively
replicating bacilli.2 As a result, instead of a clear distinction
between latent infection and active disease, tuberculosis is
now recognised as a spectrum with varying levels of
immunological, pathological, and infectious activities.1,3,4

Establishing clear, well understood, and accepted defi-
nitions of disease states goes beyondmere semantics. The
absence of state-specific diagnostics and therapeutics
stems from the lack of definitions and reference standards,
indicating that the current tuberculosis spectrummodel is
not useful in clinical or programmatic settings. Hence, the
establishment of definitions is important for directing
research efforts, including the development of novel
diagnostics and therapeutics, while also broadening our
understanding of the natural history of tuberculosis. This
approach will ensure comparability of diagnostic accuracy
estimates across studies and enable evaluation of novel
therapeutics for individualised treatment regimens. Focus
on themiddle of the spectrum, namely peoplewith actively
replicating M tuberculosis that will result in pathology and
transmission but has not yet done so, is crucial.
One of the frameworks that aimed to capture the

tuberculosis spectrum was proposed by Drain and
colleagues (appendix p 1).1 However, a limitation arises in
the interpretation of incipient tuberculosis, which was
defined as infectionwith viableM tuberculosis bacteria that
has not yet caused clinical symptoms, radiographic
abnormalities, or microbiological evidence consistent with
active tuberculosis, but which might be more likely to
progress to active disease.1 Furthermore, the term incipient
has been used in a contradictory manner. Some studies
defined incipient tuberculosis as an inevitable progression
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to tuberculosis,1,5 others referred to an undulating period
during which inflammation and pathology could progress
but also regress,6 and some considered incipient tubercu-
losis to be the transitional phase between M tuberculosis
infection and subclinical tuberculosis.7 These contradictory
definitions are partly explained by the fact that diagnosing
people with incipient tuberculosis on the basis of the
provided definition and current tools is currently impos-
sible, circling back to the lack of reference standards
hampering progress in research and policy development.
A recently published review collated different tubercu-

losis states from the literature to identify commonly used
and agreed-upon concepts.8 In parallel, the International
Symposium on New Concepts in Early TB Disease (ICE-TB)
aimed to reach consensus on a conceptual framework for
the tuberculosis spectrum and consequently proposed five
states: M tuberculosis infection, subclinical tuberculosis
non-infectious, subclinical tuberculosis infectious, clinical
tuberculosis non-infectious, and clinical tuberculosis
infectious.8,9 The ICE-TB framework aims to be more
clinically relevant through definitions based on clinically
measurable parameters (symptomology, radiology, and
microbiology); however, the ICE-TB framework, which
replaces the incipient terminology with subclinical
non-infectious state, does not offer greater clarity on
incipient tuberculosis than the Drain framework. A clear
definition and associated reference standard to compare
new diagnostics remain to be proposed.
Conceptual states and the ICE-TB framework should not

only be applied inmodelling studies,10 which have primarily
assessed progression and pathways, but also in diagnostic
accuracy studies, prevalence surveys, programmatic inter-
ventions, and longitudinal cohort studies. Longitudinal
cohort studies conducted during the pre-chemotherapy
era with longer follow-up and detailed clinical descrip-
tion have enhanced our understanding of the natural
history of tuberculosis (appendix p 2).3 In fact, the exist-
ence of radiological evidence of tuberculosis without
symptoms and microbiological confirmation (subclinical
tuberculosis non-infectious) was acknowledged in the pre-
chemotherapy era. Since then, imaging technology,
assessments, andunderstanding of inflammation andhost
response have greatly advanced and enabled the detection
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of more subtle changes. Despite these advancements, our
understanding of how to treat subclinical tuberculosis
states has not correspondingly progressed.
Detailed cohort studies have immeasurable value in

characterising individual clinical, radiological, and immuno-
logical trajectories, which are crucial for understanding
disease progression. The proposed conceptual frameworks
describedhereinwere all developedon thebasis of data from
cross-sectional assessments. Incipient TB, by definition,
requires a time dimension. Given the cross-sectional nature
of the ICE-TB framework, the incipient TB state is not
reflected, and has been characterised as the subclinical non-
infectious state. The speed of disease progression and
regression and the duration of pathological and inflamma-
tory activation across the tuberculosis spectrumare not only
poorly characterised but also do not inform about one’s
belonging to a tuberculosis state or likelihood of progres-
sion. Descriptive detailed cohort studies using novel tech-
nologies and longer follow-up might provide insight in the
trajectories of markers used to characterise tuberculosis and
might shed light on progression and regression within and
between tuberculosis states. The time dimension is funda-
mental because currently, without new tools, characterisa-
tion of tuberculosis states such as subclinical non-infectious
(or incipient tuberculosis) is only possible when reviewing
the history of cases before diagnosing microbiologically
confirmed tuberculosis. By examining the trajectory of
people who are later identified to have microbiologically
confirmed tuberculosis, wewill be able to identify when and
if they had subclinical non-infectious tuberculosis at an
earlier time. This approach is important for establishing a
reference standard against which diagnostics for promptly
identifying people with intermediate tuberculosis states can
be evaluated.
Additional insights can be gained by incorporating easily

measured clinical markers such as BMI; inflammatory
markers, including C-reactive protein or white blood cell
count; T-cell immune response to M tuberculosis antigens;
RNA signatures; and advanced imaging modalities repeat-
edly. Importantly, rather than considering only the absolute
value of a measurement, changes between timepoints,
whether positive or negative, are likely to be important for
understanding transition between states and trajectories.
The frequency, intensity, and duration of follow-up are

crucial for cohort studies. More frequent data collection
(ie, weekly or monthly) could provide more granular
insights. However, intensive sampling and data collection
over longer periods of time pose financial and resource
challenges and might not be acceptable among partic-
ipants. For follow-up studies after a discreteM tuberculosis
exposure (ie, household contacts), more frequent data
collection in the first few months of the study followed by
longer intervals at later stages of follow-upmight prove to
be the best trade-off between granularity and cost.
Furthermore, the low incidence of tuberculosis, for
example among household contacts, requires recruitment
and follow-up of a large number of individuals over a
considerable period of time to obtain detailed insights into
the few individuals who experience pathological changes.
This approach requires substantial funding over a long
period, which are conditions rarely fulfilled by current
research funders. Nonetheless, a plethora of longitudinal
studies of people at high risk of tuberculosis have already
been concluded and could be combined to form an indi-
vidual participant dataset. An individual-level analysis of
parameters measured across studies (eg, BMI or C-reactive
protein) might be a good starting point to understand
progression and regression of immune response anddisease
activity. A list of promising markers, reached by consensus,
could be generated to be measured in each cohort study.
Future studies with longitudinal follow-up, particularly
concerning vaccines designed to halt progression from
M tuberculosis infection to disease, offers opportunities to
conduct detailed observational analysis of early states.
Innovative analytical methods might also be of value.

Despite differences in pathology, many diseases present as
a spectrum with undulating activity (such as rheumatoid
arthritis),11 and methods used to characterise diseases
with a broad spectrum could be applied to tuberculosis.
For example, multi-state models, a statistical approach
commonly used to characterise the transitions of individ-
uals through different disease states, have been used to
identify progression through intermediate states of
chronic conditions or evaluate the natural history of
cancer.12 Longitudinal observational studies also present an
opportunity to usemore complex statistical andmodelling
methods such as growth mixture modelling or longitu-
dinal latent class analysis.13 These approaches can identify
longitudinal changes and patternswithin sub-populations,
offering a promising approach for analysing the tubercu-
losis spectrum.13 Although appealing, these novel-to-
tuberculosis techniques can only be applied when
conducting large well characterised longitudinal cohort
studies.
In conclusion, the paradigm shift towards tuberculosis

as a spectrum of disease and the creation of the ICE-TB
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framework has important implications for tuberculosis
research, clinical decision making, and programmatic
interventions. Comprehensive longitudinal observational
studies involving people at risk for tuberculosis offer the
best approach to gain a clear understanding of disease
trajectories and the transition of individuals between
states. Notably, this approach relies on conducting
longitudinal cohort studies with frequent and sustained
follow-up, including among clinically vulnerable pop-
ulations and people with comorbidities. Such studies
should integrate novel tools and routinely collected
clinical and inflammatory data. Efforts to understand the
progression from infection to disease will enhance our
understanding of tuberculosis and also pave the way for
more effective prevention, detection, and treatment
strategies, ultimately reducing the global burden of
tuberculosis.
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