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reported as uninfected individual, TB infection, incipient TB, subclinical TB without signs/symptoms,
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review describes the different stages described above and their relationships. It also summarises
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health and policy implications.

Educational aims

e Todescribe the evolution of the definition of “tuberculosis infection”
and didactically describe the continuum of stages existing between TB
infection and disease.

o Todiscuss the recommended approaches to prevent, diagnose and treat

TB infection.
Introduction by tuberculosis (TB), with 1.4 million dying from
the disease, and that a quarter of the global
The World Health Organization (WHO) estimated population was infected by Mycobacterium
thatin 2019 ~10 million individuals were affected  tuberculosis (Mtb) [1]. @
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TB transmission and pathogenesis

Mtb is the causative agent of TB. Historically the
diagnosis of TB was performed taking advantage
of the alcohol acid-fast properties of the bacillus.
The direct sputum smear examination, developed
by Robert Koch, is still largely used after more than
one century [2, 3], to complement the diagnostic
armamentarium that includes TB culture and a new
generation of rapid nucleic acid amplification tests.

TB is an airborne-transmitted disease: the
bacilli are transmitted by inhaling droplet nuclei of
dimensions ranging from 1to 5 pm from contagious
individuals coughing (but also speaking, singing and
sneezing) [4, 5]. Although in the majority of cases
Mtb clearance takes place, infection may occur,
either leading to a dormant state of the bacilli, or
progressing to TB disease [5, 6].

Following exposure to Mtb, an estimated 20-25%
of individuals are infected, among whom 5-10% can
develop active disease within the first 5 years [7, 8.
In the remaining 90% of TB-infected individuals,
the immune system, through innate and adaptive
responses, controls the replication of the pathogen. In
about 10% of the individuals, TB infection can evolve
to TB disease during their lifetime. Among the different
risk/predisposing factors described, we mention
co-infection with HIV and other pathogens, including
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [9-11], and comorbidities like diabetes,
genetic predisposing factors, malnutrition, treatment
with glucocorticoids or biological agents, solid organ
transplantation, and malignancies [5].

Evidence indicates that in individuals co-infected
with HIV the probability of developing TB disease
given infection is high, up to 10% per year and
50% during life. Much less evidence is available
for coronavirus disease 2019 (COVID-19). Several
studies demonstrated that active TB associates with
both good and severe COVID-19 outcomes [12-16]
and it has been postulated that both diseases may
impact one another. Co-infected individuals fail
in building a SARS-CoV-2 immune response and
show a skewed functional profile of the SARS-
CoV-2 specific T-cells [17]. Moreover, the COVID-19
lymphopenia and the steroid therapy during COVID-
19 in subjects with TB infection may increase the
risk to progress to active TB as a consequence of a
perturbation of the Mtb-immunity. In this regard, it
has been shown that COVID-19 induces a frequency
decline in Mtb-specific CD4 T-cells in subjects
with TB infection, thus potentially impairing the
Mtb infection control [17]. However, additional
studies are needed to fully understand if these
immunological dysregulations may have an impact
on the clinical outcome of each disease.

Aim of this review and
search methods

The definition of TB infection has evolved over time,
and recent evidence suggests that a “continuum”

n Breathe | 2027 | Volume 17 | No 3

of situations or stages exists from TB infection
to TB disease. This review describes, through
the history of definitions, these different stages
and their relationships. It also summarises the
new developments in prevention, diagnosis and
treatment of TB infection as well as their public
health and policy implications.

We made a rapid and non-systematic search
of the literature using the keywords “TB”, “TB
infection”, “definitions” to identify a minimum
set of references from an electronic database
(PubMed), existing guidelines on TB infection and
grey literature without time limitations.

History of definitions

Latent tuberculosis infection (LTBI) was the term
traditionally used to indicate TB infection. This
term has been used to define a state of persistent
immune response to stimulation by Mtb antigens
through tests such as the tuberculin skin test (TST)
or an interferon (IFN)-yrelease assay (IGRA) without
clinically active TB [18].

Recently WHO adopted the term “TB infection”
to better indicate “a continuum” in the process,
which follows inhalation of bacilli and may lead to
clinically manifested TB disease [7, 8].

The following paragraphs educationally describe
the stages so far included in the TB spectrum of
disease. New insights into TB pathogenesis are also
considered [19, 20].

Latent infection or a “continuum”
towards TB disease?

The term LTBI (still commonly used) was introduced
for the first time by the Austrian paediatrician
Clemens von Pirquet. He developed the TST, in
which the “old tuberculin” isolated by Robert Koch
was applied to a superficial abrasion of the skin.
Clemens von Pirquet observed that the proportion
of positive skin reactions increased with age: for
example, they were ~5% in infants, increasing to
~80% at the age of 10 years, thus indicating an
increased risk of acquiring TB with age [5].

Historically, for research, prevention, diagnostic
and treatment purposes a dualistic approach
was used, including LTBI and (active) TB disease.
This oversimplification of the pathogenesis of
TB was useful. However, evidence indicates that
the spectrum from LTBI to TB disease is much
more complex, including a continuous spectrum
of situations [21-23]. These situations are
regulated from one side by the metabolic activity
of Mtb (dormancy, intermittent replication, active
replication) and from the other side by the host
innate and acquired immunity (which fights to limit
the consequences of TB infection) [24].

With this perspective WHO has suggested to
remove the word “latent” leaving the term “TB
infection” only [7, 8]. The stage referred to as “TB
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Figure 1 The “continuum process” leading from TB infection to disease. BCG: bacille Calmette-Guérin; DX: diagnosis; TX: treatment; IGRAs: interferon-y
release assays; TST: tuberculin skin test; (L)TBI: (latent) TB infection.

infection” includes bacilli at the dormant stage and
corresponds to the same term used by WHO. In this
article, we describe the evolution of the definition of
TB infection, the tools recommended to diagnose
and treat it, as well as what is new in terms of the
prevention and public health perspectives.

Recently, in an effort to better describe the
process (and allowing a future differentiation and
tailored clinical approach) two additional clinical
stages have been proposed to describe this
bi-directional flow in the process going from TB
infection to TB diseases: incipient and subclinical
TB [24, 25].

To didactically describe the available evidence,
in figure 1 we summarise this “continuum”
process using six stages: uninfected individual; TB
infection; incipient TB; subclinical TB without signs/
symptoms; subclinical TB with unrecognised signs/
symptoms; and TB disease with signs/symptoms.

Incipient TB

The term incipient TB, which lies between TB
infection and subclinical TB, is the most difficult to
describe, as the evidence is extremely modest [24].
Bacilli are viable, and probably alternating periods
of dormancy (typical of the TB infection state) with
periods of slow metabolic activity and replication.
The patient is probably not infectious. There are
no validated tools to diagnose incipient TB [24].
The infection diagnostic tests (TST and IGRAs) are
positive and remain positive in subsequent stages
towards TB disease. In future, new biomarkers will
enable the specific diagnosis of incipient TB that

is going to progress to subclinical or clinical TB,
possibly by identifying host ribonucleic acid (RNA)
signatures [26-28]. Larger studies are needed to
confirm the accuracy of these results.

Considering the low amount of bacilli replication
and the minimal lesions present at this stage,
today it is still difficult to recommend an “ideal”
drug regimen to treat incipient TB [27, 28]. Future
studies are needed to provide insights on the best
clinical approach.

Subclinical TB

Subclinical TB was defined as “disease”, due to
viable Mtb bacteria, that does not cause clinical
TB-related symptoms but causes different
abnormalities that can be detected using existing
radiological or microbiological assays [24, 25, 29].
It represents an evolution from the stage of TB
infection (dormancy, no detectable abnormalities,
no tendency to evolve towards the next stages) and
incipient TB, with possible intermittent replication
of bacilli potentially evolving towards the next
stages, without detectable abnormalities [24, 29].
At the subclinical TB stage, the bacilli are
replicating, metabolically active, and therefore this
stage is potentially infectious. This status can be
diagnosed using microbiological and radiological
tools. As symptoms can be present or not present
(although the patient cannot identify them) the
usual clinical criteria are not of much help [29].
Therefore, at the subclinical stage the
patients, although potentially infectious, have
no symptoms or have minimal ones they cannot
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identify. This finding has several implications. For
example, the majority of guidelines recommend to
direct patients with chronic cough (>2 or 3 weeks’
duration) to bacteriological and radiological
screening: in absence of symptoms or capacity to
identify them, these patients are not recognised
(although they are often infectious). Another
example is represented by the inability of screening
algorithms based on symptom scores to identify
these infectious patients: if radiology is planned only
for symptomatic patients, the screening procedure
will miss them.

Subclinical TB may have important implications
for the spread of the Mtb infection in the community
[4, 29]. Based on these concepts, subclinical TB may
represent a very heterogeneous condition, possibly
more prevalent than what is expected: using the
average prevalence-to-notification ratio of 2:1, the
prevalence of subclinical TB can be in the order of
7 million, in a total of 14 million patients with TB
disease [29].

Evidence of the conditions described above
are the results of prevalence surveys where the
difference between existing (prevalent) and
diagnosed TB cases consisted mainly of culture
positive (often sputum smear negative) and
symptom-free patients with chest radiological
abnormalities [29-32]. Even among sputum
smear positive patients with high bacillary load, a
proportion of patients ranging from 34% to 68%
had no symptoms [30].

As summarised in figure 1, the tools available to
diagnose subclinical TB are the same as those used
to manage “TB disease”, although the “clinical”
tool may not always be useful, as a proportion of
these individuals do not report any signs and/or
symptoms. For individuals without symptoms,
radiological and bacteriological criteria may rely on
including a broad category of biomarkers “sensu lato”
described below; importantly, to diagnose those
with unrecognised symptoms we need to increase
the sensitivity threshold of our non-symptoms-
based tools [33, 34]. Interesting results indicate
that the production and release of Mtb bioaerosols
is possible, as reported by the quantitation of Mtb
exhaled during specific respiratory manoeuvres
[33, 34]. Further studies are needed to evaluate the
accuracy of this approach to diagnose the different
TB stages.

What new tests are available
to diagnose TB infection?

TST

TB infection is a state with a few bacilli in a
dormant stage. In the absence of technologies to
detect dormant bacilli, the obvious alternative is
to detect or try to determine the host response to
the immunogenic antigens of Mtb. The original
approach by von Pirquet [5] evolved and a standard
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TST was developed based on the purified protein
derivative (PPD) RT23 from the Statens Serum
Institut in Copenhagen, Denmark. The test was
largely used in the 1950s and 1960s to evaluate the
annual risk of TB infection (ARTI) and to estimate
the incident TB cases expected in a given population
[35]. The test was also used clinically to diagnose
TB infection: 5 international units (IU) of PPD is
intradermally injected into the forearm, and the
resulting induration is read in millimetres after
48-72 h.

As it is inexpensive and does not require quality
laboratory expertise to administer, the TST became
popular and it is still widely used. Details on test
requirements, drawbacks and advantages, as well
as a head-to-head comparison between TST and
IGRA tests are summarised in table 1.

IGRASs and other in vitro tests
for TB infection diagnosis

A crucial step for the development of newer and
more specific tests than the TST to diagnose TB
infection was the discovery of a specific region
of the Mtb DNA (RD1), which was absent from
Mycobacterium bovis bacille Calmette-Guérin (BCG),
but present in the strains of Mtb complex [36]. This
region encodes ESAT-6 and CFP-10 which are Mtb
specific.

Peripheral blood mononuclear cells (PBMCs), in
the ex vivo setting, were stimulated with ESAT-6
and CFP-10 peptides or recombinant proteins to
induce IFN-y secretion. This Mtb-induced IFN-y
response was shown to correlate with the grade of
exposure to a TB index case more than TST[37, 38].
This finding prompted the development of assays
based on IFN-y release (IGRAs), in which either
whole blood or PBMCs are stimulated with RD1-
encoded antigens.

The two common IGRAs include the
QuantiFERON (QFT) system (now QuantiFERON-
Plus) and the T-SPOT.TB, which are based on the
whole blood or PBMC stimulation, respectively,
with Mtb-specific peptides. New enzyme-linked
immunosorbent assay (ELISA)-based whole blood
IGRAs are commercially available. These new tests
include Standard E TB-Feron (SD Biosensor, Republic
of Korea), AdvanSure TB-IGRA ELISA (LG Chem,
Republic of Korea) and LIOFeron TB/LTBI (LIONEX
Diagnostics & Therapeutics GmbH, Braunschweig,
Germany) [39]. All these assays are based on IFN-y
detection by ELISA after whole blood stimulation in
three or four tubes containing recombinant proteins
or peptides from Mtb. Interestingly, a new test based
on IFN-y-induced protein-10 (IP-10) detection by
ELISA in whole blood stimulated with Mtb antigen
peptides (rBiopharm, Darmstadt, Germany) is now
available. This chemokine is expressed at higher
levels compared to IFN-y and is associated with
TB[10, 40-42].

IGRAs or the assay based on IP-10 detection have
several advantages (table 1): they do not require a
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second visit for reading, unlike the TST; have lower
false-negative results in immunosuppressed
individuals; and do not cause false-positive results in
BCG-vaccinated and nontuberculous mycobacteria-
infected individuals (due to the specificity of the Mtb
antigens used (ESAT-6 and CFP-10)). The results
from head-to-head comparisons between IGRAs
and TST indicate that the higher cost of IGRAs is
an issue.

Recent research, including prospective studies,
compared TST against commercially available
IGRAs in TB contacts and recent immigrants in
low TB-incidence settings. The positive predictive
value (PPV) for progression to active TB was
evaluated. The PPV of the QuantiFERON-TB Gold
In-Tube (a whole blood IGRA) was 3.3%, while the
reported PPV of T-SPOT TB was 4.2% and that of
TST (@ 15 mm cut-off was used to define positivity)
was 3.5% [43].

The existing tests for TB diagnosis and treatment
have a low PPV for the identification of subjects
progressing to TB disease. Therefore, we need to
treat a large number of individuals with a positive
IGRA to prevent one individual from developing
TB disease. Therefore, the priority is to develop a
new generation of tests that predict with higher
accuracy those that will progress to disease and
focus the diagnostic effort on this target population
[26, 28, 44, 45].

Innovative tests for TB
infection diagnosis

Innovative skin tests

Recent new skin tests have been proposed, e.g.
the Diaskin test (Generium, Russian Federation),
the ESAT6-CFP10 (EC-skin test) (Anhui Zhifei
Longcom Biopharmaceutical Co. Ltd, China) and
the c-Tb (Serum Institute of India, India) [39]. These
tests measure the skin reaction to the intradermal
inoculation of ESAT-6 and CFP-10 Mtb antigens.
Therefore, like IGRAs, they are unaffected by a prior
BCG vaccination or contacts with environmental
mycobacteria [46]. Moreover, their accuracy for
the diagnosis of TB infection is similar to that
of IGRAs [39, 47, 48]. Like TST, the Diaskin test,
EC-skin test and c-Tb tests can be used in large-
scale screening settings, are cost-effective and do
not need the infrastructure of a laboratory. However,
as these tests are based on intradermal injection
of the antigens, the skin reaction needs to be read
after 48-72 h.

Innovative IGRAs and in vitro tests for TB infection
diagnosis

A comprehensive landscape of tests for TB infection
diagnosis has been recently described [39]. The
simplified versions of IGRAs encompasses the
lateral flow assays (LFAs). LFAs for TB infection
diagnosis include the QlAreach QuantiFERON-TB
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(QIAGEN, The Netherlands), the ichroma IGRA-TB
(Boditech Med Inc., Republic of Korea) and the
STANDARD F TB-Feron FIA (SD Biosensor, Republic
of Korea). These tests are based on the IFN-y
response detection after whole blood stimulation
with ESAT-6 and CFP-10 antigens (STANDARD F
TB-Feron FIA also includes the TB 7.7 antigen)
for 16-24 h. All these tests, with the exception
of QlAreach QuantiFERON-TB that generates a
qualitative result (positive or negative), generate
a quantitative result in 15-20 min using a plate
reader. Another IFN-y-based LFA is the Erythra
TB-KIT (Erythra Inc., Stanford, CA, USA), which
is a lateral flow chromatography assay based
on PPD stimulation of whole blood. Finally, LFA
technologies employing IP-10 as readout marker
have been developed. This test, called IP-10 IGRA LF
(developed by rBiopharm) is based on whole blood
stimulation with ESAT-6 and CFP-10 antigens. Not
much information is available about the last two
tests.

Other than LFAs, efforts have been made
to improve the IGRAs based on the QFT
system. New tests such as the VIDAS TB-IGRA
(bioMérieux, Marcy-I'Etoile, France), AdvanSure
I3 TB-IGRA (LG Chem, Republic of Korea) and
LIAISON QuantiFERON-TB Gold Plus (QIAGEN,
The Netherlands) have been developed. These
tests share with the QFT-Plus system the IFN-y
measurement after the stimulation of whole blood
with Mtb ESAT-6 and CFP-10 peptides. The process
has been fully automated in the VIDAS TB-IGRA
which generates results in 17 h through an enzyme-
linked fluorescent assay. Conversely, AdvanSure 13
TB-IGRA and LIAISON QuantiFERON-TB Gold Plus
are chemiluminescent assays that have a faster
assay time (15-46 min post-incubation) compared
with other available ELISA-based tests.

Finally, GBTsol Latent TB Test Kit (Glory
Biotechnologies Corp., Republic of Korea) is a new
test based on the direct detection of antigen-specific
T-cells through the complex MHC-ESAT6 peptides
or CFP10 peptides. Both MHC | and Il are included
to stimulate CD8 and CD4 T-cells, respectively. The
MHC-peptide complexes are detected through a
micro-filter separation of whole blood cells. This
test provides results in only 1 h.

New perspectives: the microbiological diagnosis
of TB infection

While these new skin tests and IGRAs represent
an operational advantage compared with existing
routine tests [49], these assays are based on the
detection of host responses to Mtb and therefore are
limited by their inability to distinguish responding
but uninfected individuals (in whom infection may
have been eliminated by the host response or by
preventive therapy) from those who are responding
and still harbouring viable infection. Differentiating
these states requires detection of the mycobacteria
itself, rather than host factors. Despite scepticism,




it has been recently shown that blood Mtb DNA
can be used as a biomarker of TB infection [50]
and this is based on the discovery that Mtb DNA
could be detected in CD34* long-term pluripotent
haematopoietic stem cells harvested from the
peripheral blood of IGRA-positive asymptomatic
individuals living in a low-incidence setting [51-53].
PCR has also been used to detect Mtb DNA in the
peripheral blood of three out of 18 asymptomatic TB
contacts living in a different low-incidence setting
of the UK, of whom two individuals progressed to
active TB after 7 months [54]. The first longitudinal
study to corroborate the robustness of these findings
in a high-incidence setting (Ethiopia) found that
Mtb DNA was detectable in PBMCs of 79% of
asymptomatic participants, with its presence being
more common in HIV-infected versus HIV-uninfected
individuals. Administration of preventive therapy
to HIV-infected participants reduced prevalence of
PCR-detected Mtb DNA from 95% at baseline to
54% post-treatment; the first time that a biomarker
of TB infection has been shown to be responsive to
treatment [50]. Hopefully, these exciting results will
be the start of the development of a new generation
of TB infection biomarkers based on the detection
of bacillary, rather than host factors.

Novel approaches for the detection
of host response to Mtb infection

Several efforts have been made to identify host
responses associated with TB infection. For this
purpose, different antigen combinations or different
read-outs have been evaluated in ex vivo assays.
The growing awareness that TB can be considered
a spectrum of “disease states” has encouraged the
development of tests to identify individuals at high
risk of developing active TB disease. Whole blood
gene expression signatures have been identified in
HIV-uninfected and -infected individuals [26, 28,
44, 45]. These signatures can predict short-term
progression to active disease and positron emission
tomography-computed tomography images
confirmed intrathoracic lesions with increased
uptake of radiolabelled glucose in the absence of
specific symptoms or chest radiography images
indicative of TB disease [45].

What is new for treatment
of TB infection?

Management of TB infection is a core pillar of the
WHO End TB Strategy, with the ultimate goal of
eliminating TB [7, 8, 55].

The efficacy of the preventive TB regimens
presently recommended by WHO is rather high,
ranging from 60% to 90% [7, 8]. WHO emphasises
the importance of balancing potential benefits and
harms, taking into consideration cost-effectiveness
and feasibility. As discussed, no approved routine
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tests can detect the mycobacteria in TB infection,
while existing tests (such as IGRAs and the TST),
assess the host-response: so, no test is perfect
[7, 8,24, 29]. Furthermore, testing has an economic
cost. Therefore, mass-screening for TB infection
is not recommended, while targeted screening of
individuals at risk for TB progression would make the
approach much more feasible and cost-effective.

There is evidence that shorter regimens (e.g.
3 months of once weekly rifapentine plus isoniazid;
3 months of daily isoniazid plus rifampicin;
1 month of daily isoniazid plus rifapentine) have
higher treatment adherence and completion rates
compared with those reported with the traditional
regimens [7, 8, 55-57].

In the latest guidelines WHO also recommends,
in settings with rampant TB transmission, to
continue the daily isoniazid regimen for at least
36 months in adults and adolescents living with
HIV, given the substantial risk of TB re-infection
[7, 8].

However, to date, the management of TB
patients relies on standard therapy protocols
that do not consider the variability of the host or
Mtb pathogenicity. Therefore, the introduction of
the personalised medicine concepts may allow
individual selection of the best therapy regimens
[58]. In the past few years, the so-called omics
approaches have identified several biomarkers
that may be promising for TB disease management.
New insights may be provided by next generation
sequencing (NGS) technology predicting drug-
resistance or susceptibility. NGS drug-resistance
profiles will anticipate treatment decisions, may be
useful to predict treatment failure or risk of relapse
related to low response or resistance and will be of
utmost worth for multidrug-resistant TB [59]. In
parallel, mycobacterial transcriptional profiles or
proteomic signature may contribute to evaluate
the response to antibiotics or to achieve a better
understanding of the mechanisms responsible for
drug resistance, thus favouring the development
of new drugs. Besides mycobacterial biomarkers,
systems biology approaches have identified host
biomarkers linked to treatment response. Several
genetic factors have been identified; in particular,
a Mendelian susceptibility to mycobacterial disease
related to genes involved in IFN-y immunity has
been described [60]. Moreover, the study of
polymorphisms of the leukotriene A4 hydrolase
may be useful to identify patients with TB
meningitis who can benefit from the addition of
dexamethasone therapy [61, 62]. Moreover, it
has been demonstrated that hypermethylation
of genes involved in the anti-mycobacterial
immune response during TB dampens host
immune responsiveness even after successful
therapy, highlighting the potentials of epigenetics
in TB management [63]. Similarly, proteomic and
metabolic signatures in blood, sputum or urine
could contribute to evaluate treatment response
and the disease outcome [59]. All these new
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biomarkers are promising; however, their clinical
relevance should be evaluated in large-scale clinical
studies [59]. This is particularly important for drug
resistant-TB patients needing longer therapy
regimens with more toxic drugs and at high risk
of treatment failure. Given the evolution of the
definition of TB infection and looking into the omics
future, the efficacy of TB therapy regimens might
be even higher when we will be able to correctly
diagnose which individuals to treat.

What is new on TB
infection from the public
health perspective?

Given the pivotal role that successful management
of TB infection has in pursuing TB elimination
[64], there are several important public health
implications which deserve to be briefly discussed
[7, 8,55, 56l

Core indicators

WHO established three main indicators to monitor
the implementation of TB infection management
strategies [7, 8], focusing on the individuals for
whom treatment of TB infection is recommended
(HIV-coinfected, contacts, patients treated with
immunosuppressive drugs (e.g. tumour necrosis
factor-ou inhibitors) and in dialysis, candidates
for transplantation, silicosis patients, prisoners,
healthcare workers, migrants, homeless, and drug
abusers among others):

1) Contact investigation coverage: percentage of
coverage of confirmed TB patients evaluated for
TB infection (and disease) out of those eligible;

2) Treatment of TB infection coverage: percentage
of individuals initiating treatment for TB
infection out of those eligible; and

3) Treatment of TB infection completion:
percentage of individuals completing treatment
for TB infection out of those eligible.

Monitoring the “cascade of care”

The best approach to monitor and evaluate if
the TB infection management policy works, both
at the individual clinic level and from a national
surveillance perspective, is to evaluate the so-called
“cascade of care” described by ALsbURF et al. [65].
The purpose of the “cascade of care” is to describe
the different steps from diagnosis of TB infection
to the completion of its treatment. Knowing the
proportion of individuals at the different steps of
the “cascade” is important.

Ideally, a public health impact is possible if
the vast majority of individuals with treatment
indications of TB infection are diagnosed and
complete their treatment. The description of the
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“cascade” includes the following steps (in number
and percentage, the first step being, by definition,
100%): intended for TB infection screening; initially
tested; receiving test results; referred if the test
is positive; completed medical examinations;
recommended for treatment; accepted and started
treatment; completed treatment. Importantly,
adverse events of any drug regimens should be
actively monitored [7, 8].

Implementing the register
for TB infection

In order to describe the cascade of care, a register
for TB infection is key, in parallel with what is being
done for TB disease. Currently, a few countries have
already implemented this TB infection register [56],
making the collection, analysis and interpretation of
data available from different clinics possible.

TB infection and subclinical
disease policy development

Diagnosis and treatment of TB infection are
considered the core intervention for TB elimination
[29]. Recent WHO guidelines [7, 8] have summarised
what is necessary to programmatically organise
diagnosis and treatment of TB infection. The
capacity to impact groups with a higher probability of
developing TB when infected with Mtb (as discussed
above, this group includes patients with HIV
co-infection, and comorbidities like diabetes, genetic
predisposing factors, malnutrition, treatment with
glucocorticoids or biological agents, solid organ
transplantation, and malignancies among others)
will make a difference; this would allow achievement
of both an individual-level benefit (for the individuals
diagnosed and treated) and the public health goal
of TB elimination [55, 561].

We have discussed above the potential relevance
of subclinical TB disease towards the global TB
burden (tentatively 7 of the 14 million cases) [29].
As summarised in figure 1, subclinical TB includes
individuals with no symptoms or unrecognised
symptoms. We have also discussed the possibility
that in the absence of cough (historically considered
the symptom of TB) transmission of Mtb can occur
[29]. While radiological and microbiological tools
can identify these cases, symptom-based clinical
algorithms usually cannot, as previously discussed,
based on the evidence from prevalence surveys.

Subclinical TB had been described as a stage
preceding detectable active TB by a couple of
weeks or months. This is probably inaccurate as
some individuals with subclinical TB never reach
the status of TB disease “with symptoms” or
spontaneously regress to latent TB (or even to
the uninfected stage; figure 1) without being ever
diagnosed with TB [29]. This means that subclinical
TB may have a major role in transmitting Mtb.




Table 2 Research priorities for TB infection
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Areas for research

Specific areas

Risks of progression from TB
infection to TB disease

Evaluation of the likelihood of progressing from TB infection to TB disease in the various
at-risk populations
Evaluation of the incidence and risk of progression to TB disease in the following groups

of patients:
Diabetes mellitus
Harmful alcohol use
Tobacco use
Underweight
Silica exposure
Steroid treatment
Rheumatological diseases
Cancer

Evaluation of the harms including stigmatisation and acceptability of testing and TB

preventive therapy in risk groups

Defining the best clinical algorithm
to exclude TB disease from TB
infection

Improved diagnostic tests and
defining the performance of latent
TB tests in at-risk populations

Performance and feasibility of these algorithms should be assessed
Creating algorithms for children and pregnant women
Identify feasible cost-effective methods for contact tracing

Tests with improved performance and predictive value for progression to TB disease
Performance of existing latent TB tests in at-risk populations
Tests to determine TB reinfection

How to use existing tests to best determine LTBI

To adapt existing policies to fully capture the
concepts discussed in this article, more evidence is
necessary on the exact contribution of transmission
from subclinical TB and the role of spontaneous
regression (and eventually cure) from one side [29]
and of “re-infection” on the other side [66].

Furthermore, more research is needed to
understand the role played by new tools (e.g.
transcriptomic assays, C-reactive protein) in the
new diagnostic algorithms.

If subclinical TB is confirmed to contribute to
TB transmission (and the global TB burden), new
policies and algorithms focused on subclinical
TB are necessary, based on radiological and
microbiological tools as well as on new tools beyond
symptom-based approaches. Active screening of
populations likely to have higher prevalence of
subclinical TB (e.g. contacts) will be the next step,
pending evidence on its cost-effectiveness.

Priorities for research

The priorities for research are summarised in
table 2. WHO indicates three major areas where
research should be focused: evaluating the risks
for progression from TB infection to TB disease
in at-risk groups; defining the best algorithm to
exclude TB disease; and the need for improved
tests and the performance of existing TB infection
tests in at-risk populations. There is a need to
better diagnose TB infection in at-risk populations
requiring TB preventive therapy. Furthermore,

although not discussed specifically in this review,
the best approach to treat TB infection in recent
contacts of multidrug-resistant patients is an
important research priority.

Conclusions

This review describes, through the history of
definitions, the spectrum from TB infection
to TB disease and their clinical and public
health implications. As of today, this includes a
“continuum” of situations didactically reported in
different stages.

While for the majority of the stages there are
diagnostic and treatment tools available, incipient
TB lies in between TB infection and subclinical
TB. Although at the moment we do not have
diagnostic and treatment weapons beyond those
for TB infection, the future availability of new tools
will further enhance the importance of this stage,
both from a clinical and public health perspective.
To date, the omics approaches have identified
promising biomarkers for diagnosis and treatment
management. However, future randomised clinical
studies are needed to implement systems biology
findings in clinical practice and to introduce
different recommendations for people at high risk
into the “continuum” process to TB disease.

Finally, the importance of subclinical TB and
the related relevant burden on Mtb transmission
requires attention from both clinicians and public
health experts.
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Self-evaluation questions

Select one correct answer for each question.

. How many stages can be used to didactically describe the process from TB infection to disease?

a) Two main stages, latent TB infection and TB disease

b) Six stages, including uninfected individual, TB infection, incipient TB, subclinical TB without signs/symptoms, subclinical
TB with unrecognised signs/symptoms, and TB disease with signs/symptoms

¢) The process is a “continuum” and cannot be described by means of specific stages

d) Two main stages, TB infection and TB disease

. What are the WHO-recommended tests to diagnose TB infection?

a) TST and IGRAs

b) The QuantiFERON-TB and T-SPOT TB tests in low TB-incidence countries
c) TSTin resource-limited settings

d) TST and IGRAs in the absence of clinically active TB

. What is the efficacy of the WHO-recommended regimens to treat TB infection?

a) The efficacy of the regimens presently recommended by WHO is very high and >90%

b) The efficacy of the regimens presently recommended by WHO is high and >80%

) The efficacy of the regimens presently recommended by WHO is not yet very high, being still <50%

d) The efficacy of the regimens presently recommended by WHO is rather high, ranging from 60% to 90%

. What is the “cascade of TB infection care”?

a) The best approach to monitor and evaluate how in a given setting the management of TB infection is conducted: how
many of the individuals intended for TB infection screening are able to complete the prescribed regimen

b) The proportion of patients who interrupt treatment because of adverse events of the regimen

c) The % decline of individuals interrupting treatment at the different steps of the process

d) The proportion of patients who start treatment of TB infection

Key points

Management of TB infection is the core element of the TB elimination strategy.

Historically, for research, prevention, diagnostic and treatment purposes a dualistic approach was
used, including LTBI and (active) TB disease.

To didactically describe the “continuum process” leading from TB infection to disease, six stages are
described: uninfected individual; TB infection; incipient TB; subclinical TB without signs/symptoms;
subclinical TB with unrecognised signs/symptoms; and TB disease with signs/symptomes.

The tests recommended by WHO to diagnose TB infection and the regimens recommended to treat
it are summarised in this review.

Finally, the policy and research implications of the new WHO recommendations on TB infection
management are described.
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