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New research strategies in latent tuberculosis infection™
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Nuevos enfoques en investigacion de la infecciéon tuberculosa latente

Accurate detection and risk stratification of latent tuberculous
infection (LTBI) remains a global clinical and public health chal-
lenge. It is estimated that one quarter of the world’s population is
infected with Mycobacterium tuberculosis (MTB), mostly in asymp-
tomatic and latent forms.! Immunocompetent individuals with
LTBI have a 5 %-10% risk of developing active tuberculous dis-
ease (TB) during their lifetime (Fig. 1A). This risk increases in the
immunosuppressed population, although it decreases substantially
with preventive therapy.? In recent years there have been impor-
tant scientific advances in both pathophysiological understanding
and the diagnosis and management of LTBI (see the editorial New
Perspectives in Latent Tuberculous Infection).> However, laboratory
tests currently available for the detection of LTBI have serious
diagnostic limitations, including a predictive value of < 5% for iden-
tifying subjects with LTBI who will develop disease reactivation.*
Tuberculin testing and interferon-gamma release assays can detect
cell-mediated immune responses to MTB. However, none of these
tests can differentiate between individuals who do not develop
infection after exposure to the bacillus (innate immune response)
or those who achieve subsequent eradication and/or effective
bacillary containment (adaptive immune response with calcified
granuloma) from others who have silent and/or persistent infection
and a high risk of reactivation.” Therefore, diagnostic tests need to
be refined, not only to optimize their detection capacity, but also
to better assess the risk of reactivation (Fig. 1B), thereby improving
the selection of individuals who can really benefit from preventive
treatment and helping improve TB eradication levels in many parts
of the world, including Spain and Latin America.6-8

Recently, longitudinal studies in individuals with risk factors
for TB and controlled studies in primate LTBI models have helped
clarify temporospacial aspects of pathophysiology in LTBI and pro-
gression to TB.°'! Immune response to MTB is known to be
complex, dynamic, and multifocal. This is a process in which dif-
ferent immune system cells participate by forming granulomas
in infected organs and by activating regional nodes in order to
contain the infection and potentially eradicate it. However, these
mechanisms might fail, allowing the infection to progress.”-!!
These studies also show that not only do effector CD4 T cells and
activated macrophages control bacterial replication and prevent
disease progression or reactivation, but that other immune cells
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also play a leading role.””!! However, the molecular mechanisms of
immunological evasion and tolerance are not fully understood.'® A
limitation of prospective studies of this type that involve large num-
bers of individuals, immunological tests and RNA signatures, is that
they are difficult to replicate because of the high cost and sophisti-
cated technologies required to both perform them and analyze the
data.!!

Another critical area in LTBI is the development of markers of
response to preventive therapy.* An accurate diagnostic test with
areliable biomarker for detecting this type of therapeutic response
would be of great clinical and public health value, especially in
areas of high incidence where recurrent exposure and potential
reinfection can be a common phenomenon. Moreover, immuno-
logical biomarkers of response to preventive LTBI treatment would
also be indicators of an immune status with a low risk of progres-
sion to TB, since preventive treatment is associated with a greater
than 60% reduction in the risk of reactivation.'?!3 The difficulty
in identifying high- and low-risk biomarkers in LTBI lies in the
lack of a gold standard that accurately indicates the existence of
a latent infection with reactivation potential. What we know clin-
ically as LTBI is a term that encompasses a heterogeneous group
of individuals at different stages of infection, including reactivat-
able infections (LTBI with reactivation potential) and individuals
with an immune response to MTB antigens (tuberculin test and/or
interferon-gamma release assay) with eradicated bacilli or with no
possibility of reactivation, as in the case of most calcified granulo-
mas (LTBI with low risk of reactivation) (Fig. 1). In this setting, a
research strategy that assesses the effect of preventive treatment
on the different LTBI subgroups may reveal markers of LTBI with
reactivation potential (Fig. 2). Using this strategy in a combina-
torial approach, T-lymphocyte-specific antigen response markers
[CD25 (IL-2 receptor a-chain) and CD134 (0X40, a TNF-a recep-
tor) co-expression| could statistically differentiate individuals with
untreated LTBI from those with a history of receiving preven-
tive treatment.!* In a secondary analysis using a multidimensional
model to estimate LTBI risk, individuals with positive results in
both interferon-gamma release assays and co-expression of these
MTB-specific antigenic biomarkers in CD4+and CD8+ T cells had the
greatest risk of developing TB reactivation.!* A similar strategy also
showed a reduction in the proportion of T cells expressing the acti-
vation marker CD38 in individuals treated for LTBL.!” This research
strategy has limitations, namely: the heterogeneous study group;
the dynamics and time in which these markers are modified with
treatment; and the dependence on an adequate immune function
and without anergy. Despite this, the strategy will be useful not
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Figure 1. Natural course of latent tuberculous infection (LTBI), diagnostic tests and
the ideal biomarker. A. Course of an untreated LTBI in an immunocompetent indi-
vidual with a 5%-10% risk of developing active tuberculosis (TB) over time. The tests
available for LTBI, both tuberculin testing (TT) and interferon-gamma release (IGRA)
assays, usually give positive results before and after reactivation of active TB. B.
Results of a test with an ideal biomarker that can differentiate latent infection with
reactivation potential versus an individual with positive TT and/or IGRA results but
with no significant risk of reactivation. An ideal marker would increase significantly
as the disease progresses from LTBI with reactivation potential to symptomatic TB.

only for the identification and preliminary validation of biomark-
ers of treatment response, which could subsequently be studied
using more conclusive longitudinal validation, but also for LTBI risk
assessment.”-'> Markers that rapidly decrease with LTBI treatment
and are MTB-specific and reproducible in different populations will
most reliably identify individuals who respond to treatment.

In conclusion, new biomarkers may be discovered and evalu-
ated in the future to stratify the risk of individuals with LTBI and
their response to treatment, but prospective longitudinal studies
with different types of populations are still needed to validate these
promising tests around the world.
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Figure 2. Effect of preventive treatment on diagnostic tests and ideal biomarkers
in individuals with latent tuberculous infection (LTBI) with reactivation potential or
low risk of reactivation.

Effect of preventive treatment with isoniazid (INH) and/or rifampicin (RIF) on tuber-
culin test (TT) results and/or interferon-gamma release assays (IGRA) in individuals
with a diagnosis of LTBI. The available diagnostic tests do not distinguish individuals
with LTBI with reactivation potential from those who have already bacteriolog-
ically eradicated or effectively and permanently contained tuberculous infection
(LTBI with low risk of reactivation). An ideal biomarker should be detected prior to
preventive LTBI treatment and not subsequently in cases of LTBI with reactivation
potential. In cases of LTBI with low risk of reactivation, the ideal marker should not be
detected before or after treatment. This does not occur with TT and/or IGRA results,
which are usually positive after preventive treatment. Therefore, an ideal biomarker
would improve the selection of individuals who would actually benefit from LTBI
treatment, thus avoiding preventive treatment in individuals who do not need it or
who have a significant risk of developing side effects with these antibiotics.
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