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ABSTRACT: Tuberculosis control relies on the identification and preventive treatment of

individuals who are latently infected with Mycobacterium tuberculosis. However, direct

identification of latent tuberculosis infection is not possible. The diagnostic tests used to

identify individuals latently infected with M. tuberculosis, the in vivo tuberculin skin test and the ex

vivo interferon-c release assays (IGRAs), are designed to identify an adaptive immune response

against, but not necessarily a latent infection with, M. tuberculosis. The proportion of individuals

who truly remain infected with M. tuberculosis after tuberculin skin test or IGRA conversion is

unknown. It is also uncertain how long adaptive immune responses towards mycobacterial

antigens persist in the absence of live mycobacteria. Clinical management and public healthcare

policies for preventive chemotherapy against tuberculosis could be improved, if we were to gain a

better understanding on M. tuberculosis latency and reactivation. This statement by the TBNET

summarises knowledge and limitations of the currently available tests used in adults and children

for the diagnosis of latent tuberculosis infection.

In summary, the main issue regarding testing is to restrict it to those who are known to be at

higher risk of developing tuberculosis and who are willing to accept preventive chemotherapy.
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T
he World Health Organization once esti-
mated that approximately one third of the
world’s population had been infected with

Mycobacterium tuberculosis, but the most recent
report refrains from providing such an estimate
[1]. It is well established that only a minority of
those individuals who are thought to have
become infected with M. tuberculosis will ever
develop tuberculosis.

In 1930, ANDVORD [2] recognised that the epidemi-
ology of tuberculosis in children predicts the
subsequent epidemiology when they have become
adults [3]. One hypothesis to explain this observa-
tion is latent infection with M. tuberculosis that
leads to reactivation years after acquisition of the
primary infection. However, this hypothesis is
somewhat at odds with the observation made by
CANETTI [4], who reported in 1939 that the majority

of primary lesions become sterile over the years,
and most episodes of recurrent tuberculosis were
in fact due to reinfection. An alternative hypoth-
esis is, therefore, that a primary infection primes
the immune system in such a way that it responds
differently and, frequently, more violently, with a
tissue-destroying hypersensitivity reaction as
described by Koch whose name the phenomenon
continues to bear [5]. That both pathways are
relevant is now undisputed, but the extent to
which each applies in a given situation remains
elusive. The lesson that might nevertheless be
learnt from the work of our predecessors is that a
positive result of currently available immune-
based diagnostic tests is primarily a measure of an
immunological response to stimulation by myco-
bacterial antigens that cannot necessarily be
equated with the presence of live M. tuberculosis
in the human host.
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Nevertheless, persistence of M. tuberculosis leading, after an
undefined incubation period, to clinically manifest tubercu-
losis is an undisputed reality [6]. To explain this phenomenon,
it is postulated that there is a persisting subclinical or latent
infection with such a small number of bacilli that is insufficient
to produce clinically manifest disease, unless some changes in
immunological response allow these bacilli to metabolise and
multiply at a higher rate, reaching such numbers that overt
clinical disease ensues [7].

The undefined incubation period resulting from latency has
great repercussions on the approach to tuberculosis interven-
tions. At the most generic level, a ‘‘tuberculosis control strategy’’
might be defined as aiming at a reduction in the incidence of
infection with M. tuberculosis through case finding and curative
treatment of transmitters of tubercle bacilli, to create generations
with less and less infection as a result of transmission.
Embarking on a ‘‘tuberculosis elimination strategy’’ and
eventual eradication will require, in addition, a reduction of
the prevalence of infection with M. tuberculosis through
identification and successful treatment of those individuals
already latently infected with viable M. tuberculosis, who may
develop reactivation tuberculosis at some future point.

The biological nature of a persistent infection with M.
tuberculosis that may or may not cause tuberculosis is discussed
controversially [8]. There are two principal approaches to tests
that are used in clinical practice to identify individuals with
latent infection with M. tuberculosis, often abbreviated as
‘‘LTBI’’ (the term ‘‘latent infection with M. tuberculosis’’ will
be used henceforth to describe individuals who are thought to
harbour live M. tuberculosis not revealing themselves through
any clinical or other sign or symptom of active disease; where
M. tuberculosis causes clinically manifest illness, the traditional
term ‘‘tuberculosis’’ without further qualifications will be used
to designate the disease). These are the in vivo tuberculin skin
test, which uses a mixture of antigens obtained as a protein
precipitate from the supernatant of liquid cultures of M.
tuberculosis, and the ex vivo interferon-c release assays (IGRAs),
which are designed to identify a memory of an adaptive
immune response against mycobacterial antigens [9]. It is
currently not possible to identify the presence of living bacilli
in persons thought to have latent infection with M. tuberculosis.

The sensitivity of the tuberculin skin test, which is still the
most widely used for the identification of individuals with
latent infection with M. tuberculosis, is compromised in
individuals with immunosuppression due to disease or
treatment. There is evidence suggesting that the sensitivity of
IGRAs is higher than that of skin testing [10–14], although
large head-to-head studies in immunocompromised patients
are lacking. Furthermore, tuberculin skin test sensitivity
depends on the chosen cut-off point and is, thus, co-dependent
on the chosen level of test specificity. In contrast to IGRAs, test
specificity of the tuberculin skin test is importantly determined
by the extent to which antigens from environmental myco-
bacteria that commonly infect humans cross-react with
tuberculin. The closest antigenic relationship between species
is found within the M. tuberculosis complex, and cross-reactions
and, therefore, reduced specificity is of particular practical
relevance following vaccination with bacille Calmette-Guérin
(BCG), an attenuated strain of M. bovis. BCG vaccination leaves

an immunological imprint for a prolonged period of time
subsequent to its presumed complete elimination from the
human body [15–17], which is precisely the intention of
vaccination.

The proportion of individuals with a persistently positive
immune response against M. tuberculosis diagnosed by a
tuberculin skin test or IGRA, who have not received
chemotherapy to reduce the risk of developing tuberculosis
and who have latent infection with M. tuberculosis, is not
known. Clinical management and public health policies for the
identification and treatment of individuals thought to be
latently infected with M. tuberculosis could be improved if a
better understanding on the nature of latent infection with M.
tuberculosis was gained.

The present statement by the TBNET consensus group on
latent infection with M. tuberculosis summarises the current
knowledge of the immunopathogenesis of M. tuberculosis
latency in humans, the mechanisms and the predictive values
of the tests that aim to identify individuals with latent infection
with M. tuberculosis, and the current rationale for tuberculosis
contact tracing in adults and children.

Levels of evidence are assigned to management recommenda-
tions in the sections 4 and 5, where appropriate (table 1).
Evidence levels are indicated in parentheses after the relevant
statement.

SECTION 1

Current understanding of the immunopathogenesis of M.
tuberculosis infection and the generation of adaptive M.
tuberculosis-specific immune responses
M. tuberculosis is inhaled within aerosols of droplet nuclei and
reaches distant segments of the bronchoalveolar tree, pre-
dominantly in the lower lobes of the lungs. M. tuberculosis is
phagocytosed by alveolar macrophages which in their quies-
cent state mount little resistance, both in terms of antimicrobial
effector functions and in terms of pro-inflammatory responses.
Neutrophils accumulate early at the site of infection, but are
incapable of killing M. tuberculosis directly. Dying neutrophils
and macrophages shed blebs containing M. tuberculosis
antigens or spill intact M. tuberculosis; both can be taken up
by alveolar dendritic cells which migrate to the regional lymph
nodes, where they present M. tuberculosis antigens to major
histocompatibility complex (MHC) class-I restricted CD8 T-
cells and MHC class-II restricted CD4 T-cells. In the lymph
node, stimulated CD4 and CD8 T-cells differentiate into
interferon (IFN)-c secreting T-helper (Th) type 1 or cytotoxic
Tc1 cells, respectively, and granules of CD8 T-cells accumulate
molecules such as granzymes and granulysin [18]. At the same
time, B-cells differentiate into M. tuberculosis-specific antibody-
secreting cells. More recently, Th17 cells, secreting interleukin
(IL)-17, IL-21 and IL-22, and regulatory T-cells, secreting IL-10
and transforming growth factor-b, have been implicated in
coordinating and balancing these primordial driving forces of
the cellular immune response [19, 20]. These M. tuberculosis-
specific effector cells enter the blood circulation and get access
to sites of inflammation, such as the lung (fig. 1). At this stage,
a delayed-type hypersensitivity (DTH) response in the skin or
in blood may become positive upon tuberculin skin testing and
intragranulomatous necrosis may ensue. The combination of a
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primary granulomatous lesion in the lung and the dependent
enlarged hilar lymph node is known as ‘‘Ghon complex’’.

It is conceivable that during the initial growth phase within
alveoli, M. tuberculosis may also spread bronchogenically to
other parts of the lung. Following transportation to the
regional lymph node, haematogenous dissemination of M.
tuberculosis is thought to be the rule. Whichever body part they
reach, the micro-organisms may gain entry to epithelial cells,
fibroblasts or even adipocytes [21, 22], or become engulfed by
local tissue macrophages. This usually elicits a low-grade
inflammatory response which attracts antigen-responding T-
and B-cells (granulomas; fig. 1). Scars of tuberculosis are most
commonly found on autopsy in the lung apices. Post-primary
reactivation disease often starts its apicocaudal propagation
through the lung tissue from the apices.

The presence of activated Th1 cells at the site of M. tuberculosis
implantation alters the infiltrate in a striking fashion: mono-
nuclear cells are attracted and organised in a highly specific
way to form the granuloma, in which mycobacteria-containing
macrophages that morphologically differentiate into ‘‘epithe-
lioid’’ cells are surrounded by lymphocytes [23]. This
juxtaposition affords effective activation of macrophages,
mostly via IFN-c, and antimycobacterial effector molecules.
These include reactive oxygen and nitrogen species that are
delivered to the fusing phagolysosome. The host Tc1 cells
deliver granulysin and other mycobactericidal molecules in a
perforin-dependent fashion to the macrophage. This T-cell
response leads to a reduction of mycobacterial growth and
even, to a certain extent, to the killing of M. tuberculosis (fig. 1)
although this is difficult to demonstrate in vitro using, for
example, human macrophages. The evidence that B-cells and
M. tuberculosis-specific antibodies can mediate protection
against extracellular M. tuberculosis is highly controversial as
their contribution is probably of minor importance. Depending
on the number of mycobacteria present in the lesion and the

level of cellular immune responses generated, the antibacterial
protective response can also lead to the destruction of
macrophages, resulting in necrosis of the central areas of the
granuloma. A concomitant, overwhelming Th2 response with
IL-4/IL-13 secreting T-cells may also counteract the mycobac-
tericidal mechanisms in macrophages and may contribute to
central granuloma caseation (fig. 1) [24]. This solid necrotic
mass is thought to be devoid of oxygen and may, over time,
become sclerotic and even calcified, commonly resulting in
containment or death of M. tuberculosis [4].

In summary, well-organised granulomas are entirely depen-
dent on an effector Th1 response and mediate restriction of M.
tuberculosis growth either within IFN-c-activated macrophages
or within the adverse conditions of the necrotic caseum. In
contrast, if no or only low-level T-cell immunity is generated
under conditions of T-cell deficiencies, M. tuberculosis growth
is not contained. Nevertheless, this is associated with com-
paratively little tissue damage.

Granulomas are dynamic lesions with cells continuously
dying, debris being removed, and new cells entering. When
cells are prevented from entering (e.g. by blocking the
expression of adhesion molecules or inflammatory chemokine
cascades by the administration of tumour necrosis factor
(TNF)-a targeting drugs), the granulomatous structure disin-
tegrates leading to the dissemination of its content. Within a
granuloma, it is assumed that there is equilibrium of actively
dividing M. tuberculosis and M. tuberculosis adapted to the
stress generated within activated or foamy macrophages that
do not completely destroy M. tuberculosis but prevent their
growth (fig. 1). Thus, M. tuberculosis is thought to enter a state
of nonreplicating persistence within the necrotic part of the
lesion [25]. Although the exact nature of the metabolic state of
M. tuberculosis during this stage awaits detailed characterisation,
genes involved in fatty acid hydrolysis for energy generation are
highly upregulated [26, 27].

TABLE 1 Description of levels of evidence

Evidence category Sources of evidence Definition

A RCTs

Rich body of data

Evidence is from end-points of well-designed RCTs that provide a consistent pattern of findings in

the population for which the recommendation is made

Category A requires substantial numbers of studies involving substantial numbers of participants

B RCTs

Limited body of data

Evidence is from end-points of intervention studies that include only a limited number of patients,

post hoc or subgroup analysis of RCTs, or meta-analysis of RCTs

In general, category B is assigned when few randomised trials exist, they are small in size, they were

undertaken in a population that differs from the target population of the recommendation, or the

results are somewhat inconsistent

C Nonrandomised trials

Observational studies

Evidence is from outcomes of uncontrolled or nonrandomised trials or from observational studies

D Panel consensus judgement This category is used only in cases where the provision of some guidance was deemed valuable but

the clinical literature addressing the subject was deemed insufficient to justify placement in one of

the other categories

The panel consensus is based on clinical experience or knowledge that does not meet the

aforementioned criteria

RCT: randomised controlled trial.

TBNET CONSENSUS STATEMENT ON LTBI U. MACK ET AL.

958 VOLUME 33 NUMBER 5 EUROPEAN RESPIRATORY JOURNAL



Because there is no clinically apparent disease activity, this
stage of the infection has been termed ‘‘latent’’, as opposed to
manifest. Mycobacteria are kept at bay, but remain present and
viable, poised for ‘‘resuscitation’’, i.e. uncontrolled replication
in conditions of impaired cellular immunity. The true extent of
long-term viability of M. tuberculosis within and even outside
granulomas has been a matter of debate for decades. While
earlier studies found viable M. tuberculosis in the majority of
fibrocaseous lesions in the upper areas of the lung, other
studies demonstrated that up to 50% of necrotic lesions and
85% of calcified lesions were sterile [28]. It is likely that small
foci of resuscitation occur from time to time, resulting in long-
term persistence of M. tuberculosis progeny, but it is also
possible that individual mycobacteria may remain in a truly
quiescent state over decades. It is not clear which antigens are
expressed and secreted during the stage of stress-adapted
metabolism in granulomatous lesions or extracellularly, and

how these antigens are processed for T-cell recognition [29];
ESAT-6 and CFP-10, antigens secreted during active replica-
tion, are likely to play a much less dominant role than proteins
from the DosR operon which is highly upregulated in latency
(fig. 1). Given that all anti-tuberculosis drugs are metabolic
blockers, and specifically that isoniazid is effective only against
multiplying M. tuberculosis and that isoniazid treatment of
latent infection with M. tuberculosis is effective in 60–90% of
cases, latent infection with M. tuberculosis must to some extent
be accompanied by some replication of M. tuberculosis [28]. The
larger the viable mycobacterial load and the remaining lesions
are, the more likely constant antigen-specific re-stimulation of
the memory/effector T-cell pool becomes. Conversely, the
more encapsulated and quiescent the lesions and the smaller in
size they are, the more likely it is that Th1 cell immunity will
decline [18]. Indeed, a reversion from a positive to a negative
tuberculin skin test can occur at a rate of 5%?yr-1 and there is
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FIGURE 1. Summary of the dynamic sequence of events governing the generation, persistence and reactivation of granulomatous lesions in the course of

Mycobacterium tuberculosis infection. For details of T-helper cell priming, triggering and effector molecules, and sequential progress of lesions to latency and reactivation,

please refer to section 1 of the present article. IFN: interferon; IL: interleukin; TNF: tumour necrosis factor; ESAT: early secreted antigenic target; CFP: culture filtrate protein;

ROI: reactive oxygen intermediates.
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evidence that IGRA positivity also wanes, and perhaps even
more quickly, over time [30, 31].

T-cell immunity will fade or become impaired for various
reasons, particularly in acquired or drug-induced immuno-
deficiency. This may lead to recrudescence of mycobacterial
growth, which is often localised in, and often seemingly
limited to, the upper lobes where oxygen supply is thought to
favour replication and to where M. tuberculosis has earlier been
lodged after haematogenous dissemination. Consequently, T-
cells encounter an increased antigenic load that precipitates a
hyperinflammatory immune response with necrotic and
cavitating lesions. Overall, however, reactivation disease is a
rare event in immunocompetent individuals [32–35].

Animal models do not reflect the full extent of the immuno-
pathology of tuberculosis in humans. Therefore, it is difficult to
extrapolate experimental findings derived from murine mod-
els to the clinical situation in humans [23]. In both humans and
animals, however, the protection afforded by a primary
infection is limited and does not offer effective protection
against super-infection with M. tuberculosis. Reinfection suc-
cessfully causing a new disease episode is recognised to occur
even in the absence of immunocompromising conditions.
Thus, although vaccination with BCG or primary infection
with M. tuberculosis mediates an accelerated containment of M.
tuberculosis infection, resulting in risk reduction of dissemina-
tion (e.g. to the brain), it does not fully protect against
pulmonary tissue-damaging disease.

Summary
1) IFN-c-secreting T-cells are critical for granuloma formation
and maintenance, ensuring persistent macrophage activation
for mycobacteriostasis.

2) The number of T-cells secreting IFN-c in response to M.
tuberculosis antigens provides a quantitative measurement of
specific T-cell immunity that is not correlated with protection
from disease.

3) Latency is a state of persistent mycobacteria-specific T-cell
responses, in the absence of clinical evidence for tuberculosis.

4) Controversy exists over the physical and metabolic nature
and the location of persistent M. tuberculosis organisms or
components thereof.

5) The T-cell response to antigens associated with the dormant
state of M. tuberculosis may predominate during latency.

6) Reactivation of tuberculosis occurs when dormant, but live
mycobacteria resume replication, boosting a detrimental T-cell
response.

SECTION 2

Mechanisms of readout measures of an adaptive M.
tuberculosis-specific immune response: how do the
tuberculin skin test and IGRAs function, and what do
they measure?
The number of viable bacilli that comprise latent infection with
M. tuberculosis is unknown but believed to be low and much
remains to be learnt about their anatomical and cellular
location. It is not currently possible to directly identify tubercle
bacilli from persons latently infected with M. tuberculosis who

do not have tuberculosis. However, since latent infection
induces a strong Th1-type cellular immune response, its
measurement can serve as a sensitive marker for the presence
of small numbers of dormant bacilli. However, it is uncertain
how specific it is in reflecting infection with viable but
dormant mycobacteria. Currently, two immune-based test
principles for the diagnosis of infection with M. tuberculosis
exist, the ‘‘in vivo’’ tuberculin skin test and the ‘‘ex vivo’’ IGRA,
the characteristics of which are summarised in table 2 [9, 14,
38–40]. At present, none of the available tests is able to reliably
distinguish latent infection with M. tuberculosis from active
tuberculosis or past tuberculosis.

The tuberculin skin test is one of the few tests that have been
continuously in use for about 100 yrs in clinical medicine [41].
It attempts to measure cell-mediated immunity in the form of a
DTH response to the most commonly used purified protein
derivative (PPD) of tuberculin. Tuberculin PPD is a crude
mixture of antigens, many of which are shared by M.
tuberculosis, M. bovis, M. bovis BCG and several species of
environmental mycobacteria. As a result, the tuberculin skin
test has a lower specificity in populations with a high
prevalence of BCG vaccination and infection with environ-
mental mycobacteria. Tuberculin skin test reactions in humans
are measured by the diameter of induration, measured 48–72 h
after antigen injection. Clinically, the tuberculin skin test
reaction may already start a few hours after the injection of
tuberculin PPD with a white or rose-coloured induration of the
skin as a type-I or type-III immune reaction followed by the
DTH reaction, which peaks after 48–72 h and may last for up to
1 month, depending on the quality and quantity of the initial
reaction. Strong reactions may result in tissue necrosis. A
positive tuberculin skin test reaction may lead to persistent
discoloration of the skin. From a histological point of view, the
classical model of cellular infiltration during a DTH response
suggests that cellular migration is biphasic, comprising an
initial nonspecific infiltration that also occurs in nonsensitised
subjects and a second specific peak [42–44]. At very early time
points (after 4–6 h) the majority of infiltrating cells are
neutrophils [45]. Approximately 12 h after challenge, T-cells
begin to appear around dermal blood vessels [44]. Maximal
numbers of infiltrating activated macrophages are present at
24 h and, by 48 h, the majority of infiltrating cells are T-cells
that accumulate perivascularly [46, 47]; however, some T-cells
diffuse into the epidermis and the interstitium. CD4 T-cells
always exceed the number of CD8 T-cells [48, 49]. The
mechanism of this cellular infiltration is not entirely clear but
it appears that very early after the injection, pro-inflammatory
cytokines, such as IFN-c, TNF-a and TNF-b stimulate expres-
sion of adhesion molecules on the endothelium (E-selectin) and
increase permeability of the local blood vessels. Frequencies of
circulating CD4+CD25+FoxP3+ ‘‘regulatory’’ T-cells influence
the size of the induration of the tuberculin skin test [50].
Cutaneous CD4 T-cells accumulating after tuberculin PPD
stimulation in the skin are predominantly of a CD45 RO
memory phenotype [50].

IGRAs have been developed and are now licensed for clinical
use in many countries [9, 15, 51, 52]. Both available tests
measure in vitro IFN-c production by circulating T-cells after
16–20 h stimulation in response to specific M. tuberculosis
antigens. The genes encoding these antigens are found in the
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region of difference (RD), either RD1 (CFP-10 and ESAT-6) or
RD11 (TB7.7) of the M. tuberculosis genome, which are deleted
from the genome of M. bovis BCG and not present in most
environmental mycobacteria, including the M. avium complex
[53, 54]. As a particular advantage of in vitro testing,
stimulation reactions with negative control and positive
control (mitogen stimulus) are carried out in parallel to
primarily evaluate test performance with respect to back-
ground signals or general T-cell responsiveness. In the setting
of immunodeficiency, an impaired mitogen response may, in
addition, be interpreted as a meaningful measure for the
assessment of the overall extent of immunosuppression.
Therefore, unlike skin testing, in vitro tests may be able to
discriminate true negative responses from anergy.

IGRAs are based on the principle that T-cells of individuals
sensitised by M. tuberculosis produce IFN-c when they re-
encounter mycobacterial antigens. Specific IFN-c production in
response to mycobacterial antigens, therefore, is presumed to
be indicative of infection with M. tuberculosis [9, 55] and can be
measured by the rapid ex vivo enzyme-linked immunospot
(ELISPOT) assay [9, 55] or by the whole blood ELISA [9].

It has been shown by flow cytometry that the T-cells
responding to the RD antigens after 24-h stimulation are
predominantly CD4 T-cells of an effector memory phenotype,
characterised as being CD45RA-CCR7-, consistent with having
recently encountered antigen in vivo [11, 12, 36, 37]. In contrast,
long-lived central memory T-cells that may persist even after
successful treatment of tuberculosis [11, 12, 36, 37, 56, 57] are

less likely to release IFN-c after ,24 h of incubation and more
likely to produce IL-2 [56].

Neither of the two IGRAs, when used on blood alone, can
currently distinguish tuberculosis from latent infection with M.
tuberculosis. Consequently, novel concepts have been investigated
that include the use of different epitopes of RD antigens [11, 12,
36, 37, 58], readout different from IFN-c such as chemokines or
cytokines [56, 58], new antigens different from the RD genomic
region, such as those defined as Rv1733c, Rv2029c, Rv2032,
Rv2626c, Rv2627c, Rv2628 and HspX [29, 59–61], additional
cytokines [56] or characteristic phenotypic markers [11, 12, 36, 62].
Diagnostic sensitivity of IGRA can also be enhanced by
incorporation of a novel RD1-encoded antigen, Rv3879c, without
compromising diagnostic specificity [63]. Moreover, as active
tuberculosis involves recruitment of antigen-specific T-cells to the
site of the active infection, the comparative analysis of antigen-
specific cells from the blood and the site of disease (e.g.
bronchoalveolar lavage, pleural effusion and cerebrospinal fluid
effusion) may help to distinguish tuberculosis from latent
infection with M. tuberculosis [64–69].

Summary
1) Tuberculin skin test measures cell-mediated immunity in the
form of a DTH response to the most commonly used tuberculin
PPD within 48–72 h. The tuberculin skin test involves infiltra-
tion of neutrophils, CD4 T-cells and CD8 T-cells; the cells need
to home and migrate out of capillaries into the skin. The
response is mediated by several cytokines (i.e. IFN-c, TNF-a
and TNF-b).

TABLE 2 Properties of tuberculin skin test and interferon-c release assays (IGRAs)

Tuberculin skin test IGRA

ELISPOT (e.g. T-SPOT.TB#) ELISA (e.g. QuantiFERON-TB

Gold In-tube")

Internal controls None Nil and PHA Nil and PHA

Antigens PPD Peptides from CFP-10 and ESAT-6 Peptides from CFP-10, ESAT-6 and TB7.7

Test substrate Skin PBMC Whole blood

Time required for result 48–72 h 20 h incubation and 3 h for the

final results

20 h incubation and 3–4 h for the

final results

Cells involved Neutrophils, memory CD4 T-cells and CD8

T-cells; cells need to home and transmigrate

out of capillaries into the skin

CD4 T-cells in the wells+ CD4 T-cells in whole blood tubes+

Cytokines involved IFN-c, TNF-a, TNF-b IFN-c IFN-c

Read-out Measure of diameter of dermal induration,

transverse to long axis of arm

Enumeration of IFN-c spots Measure of secreted IFN-c, measured via

ELISA optical density values of IFN-c

production

Read-out units Millimeters IFN-c spot forming cells IU?mL-1

Outcome measure Level of induration Number of IFN-c producing T-cells Plasma concentration of IFN-c produced

by T-cells

Effect of treatment on test

response

No effect, unless given soon after exposure Decline in response with treatment at the

population level but wide interindividual

variation in rate of decline

Decline in response with treatment at the

population level but wide interindividual

variation in rate of decline

ELISPOT: enzyme linked immune spot; PHA: phytohaemagglutinin; PPD: purified protein derivative; CFP: culture filtrate protein; ESAT: early secreted antigenic target;

PBMC: peripheral blood mononuclear cells; IFN: interferon; TNF: tumour necrosis factor. #: Oxford Immunotec, Abingdon, UK; ": Cellestis, Carnegie, Australia; +: as

suggested by flow cytometry [11, 12, 36, 37].
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2) Sensitivity of the tuberculin skin test is limited in
immunocompromised individuals and specificity is limited
because of cross reactivity due to prior infection with
environmental mycobacteria or BCG vaccination.

3) IGRAs measure in vitro IFN-c production by circulating
T-cells after 16–24 h in response to specific M. tuberculosis
antigens. IGRAs have a higher specificity in populations with a
high prevalence of BCG vaccination compared with tuberculin
skin test.

4) Tuberculin skin tests and IGRAs cannot discriminate active
from latent infection.

SECTION 3

Adaptive M. tuberculosis-specific immune responses
and risk of tuberculosis in immunocompetent and
immunocompromised hosts
Screening for latent infection with M. tuberculosis aims to
identify individuals at risk of developing tuberculosis. The
present section discusses the presumed limitations of the
commonly used tuberculin skin test and IGRA. In immuno-
competent hosts it is estimated that ,50% of cases of
tuberculosis will occur within the initial 2 yrs after initial
infection and tuberculin skin test conversion [70]. However,
the time of tuberculin skin test conversion is only known in
selected groups. Furthermore, tuberculin skin test results may
be positive because of prior BCG vaccination or infection with
environmental mycobacteria. Unfortunately, BCG vaccination
does not always leave an identifiable scar and, furthermore,
BCG vaccination mediates only partial protection against
development of tuberculosis. Until recently, it has been
exceedingly difficult, if not impossible, to identify latent
infection with M. tuberculosis among BCG-vaccinated subjects
and to exclude them from being at risk of tuberculosis. Past
mycobacterial infections can result in persistently positive
tuberculin skin test results. The use of different cut-off values,
as indicated in various national guidelines, or depending on
the risk of infection and BCG status further complicates the
interpretation of tuberculin skin test results [71].

In immunocompromised hosts, all available data should be
used to demonstrate or exclude latent infection with M.
tuberculosis. The risk of developing active tuberculosis is
different between various immunocompromising conditions.
However, screening for latent infection with M. tuberculosis in
immunocompromised patients is carried out irrespective of the
type of immunosuppression, because the risk of developing
active tuberculosis is probably higher compared with that of
immunocompetent individuals. Careful history taking and
physical examination in combination with chest radiography
and tuberculin skin testing have been the cornerstones for
detection of latent infection with M. tuberculosis. This approach
has resulted in a decrease in the number of cases of
tuberculosis in patients treated with certain medications, such
as anti-TNF-a targeting drugs [72]. However, the tuberculin
skin test has a reduced sensitivity in subjects who are already
using immunosuppressive drugs [12] or in those suffering
from chronic illnesses such as rheumatoid arthritis [73–75],
chronic renal insufficiency [11, 13, 76] or HIV infection [77–81].
Reduced sensitivity in patients on immunosuppressive drug
therapy may be a direct result of inhibitory drug action

(e.g. corticosteroids, calcineurin inhibitors and methotrexate)
on cytokine signalling, antigen-presenting cells or T-cell
proliferation [82, 83]. Moreover, immunosuppressive drugs
may favour pathogen reactivation and progressive consump-
tion of antigen-specific T-cells over time. In patients with renal
insufficiency, skin testing may be adversely affected by an
altered expression of costimulatory molecules on antigen
presenting cells [84]. Finally, in HIV infected patients, low
numbers of circulating CD4 T-cells and high frequencies of
circulating regulatory T-cells directly correlate with skin test
anergy [50]. While it is reasonable to assume that these factors
may also adversely affect in vitro testing, accumulating evidence
suggests that IGRAs are of superior sensitivity compared with
skin testing as experimental conditions in vitro may be
optimised with respect to incubation time and/or adjustment
of cell numbers. In the setting of tuberculosis, studies are
hindered by the lack of a gold standard for establishing absence
or presence of latent infection with M. tuberculosis. In order to
estimate the specificity and sensitivity of the test formats, the
type and extent of immunodeficiency has to be taken into
account and surrogate conditions such as tuberculosis or
patients with defined risk of exposure are needed.

With the early acceptance of IGRAs as a tool to detect latent
infection with M. tuberculosis [85] it became impossible to
conduct adequate research into their predictive value for the
development of tuberculosis. It is considered to be ethically
unacceptable to disregard a positive IGRA test result as general
consensus dictates that treatment of latent infection with M.
tuberculosis should be considered. However, the predictive role
of IGRAs in detecting latent infection with M. tuberculosis in
immunosuppressed individuals has not been investigated in
detail thus far. Retrieval of data on these patients will,
however, not be easy and is dependent on an adequate
national or regional tuberculosis registry. The ability of IGRA
to predict development of tuberculosis remains an elusive
goal. In an ideal setting, large cohorts of subjects with both
known tuberculin skin test and IGRA results should be
followed for the development of tuberculosis. Preferably this
follow-up should be done in a setting with a low risk of
reinfection during follow-up. To allow the study of both the
positive and negative predictive value of IGRA, a sufficient
proportion of subjects with positive or negative results should
have deferral of treatment of latent infection with M.
tuberculosis. Recently, a large study described the rate of
progression to tuberculosis within 2 yrs of contact screening in
subjects being close contacts (defined as .40 h of cumulative
contact time) of patients with pulmonary tuberculosis [86]. In
this study the total number of positive ELISA-based IGRA
results was four-fold lower compared with the tuberculin skin
test (using a cut-off of 5 mm or more to denote test positivity).
Of 41 IGRA positive individuals who refused preventive
chemotherapy, six developed active pulmonary tuberculosis.
Because of the lower number of initial positive results for the
IGRA, its positive predictive value for development of
tuberculosis was significantly better than that of the tuberculin
skin test. Among those diagnosed as having tuberculosis, M.
tuberculosis could not be isolated from sputum culture in four
out of six cases, a definite study limitation. None of the subjects
reported immunocompromising conditions. Thus, it has to be
established whether the positive and negative predictive
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values in immunocompromised patients will be the same as
those in immunocompetent individuals. In general, a con-
siderable proportion of indeterminate IGRA results due to
impaired mitogen reactivity could be a problem when
analysing immunocompromised subjects [87].

A single large prospective study has been published describing
the risk of progression to tuberculosis after conversion to a
positive ELISPOT assay in Gambian case contacts [88]. In this
study, ELISPOT positive contacts had a similar rate of
progression to those who were skin test positive, whereas
those negative on either or both tests had the lowest rate of
progression. Since initial ELISPOT test and skin tests were
positive in only about half of cases, whereas 71% were positive
by one or the other test, positivity by either skin testing or
IGRA was suggested as the best indication for preventive
treatment. As more such studies, especially in low prevalence
countries, are lacking, the use of surrogate studies is required.
A review article has described a sensitivity for tuberculosis of
88%, 76% and 70% for ELISPOT, ELISA and tuberculin skin
test, respectively [15]. The sensitivity of the tuberculin skin test
could be improved to 73% and 80% after lowering the cut-off
values to 10 and 5 mm, respectively, yet at the cost of
compromised specificity.

In a number of contact investigations, substantially fewer BCG
unvaccinated subjects had positive IGRA results compared
with positive tuberculin skin test results [74, 86, 89–99].
Comparability between the two IGRAs was generally good,
whereas the agreement between tuberculin skin test and IGRA
was poor, owing to false-positive tuberculin skin test results in
BCG-vaccinated subjects or, based on studies among BCG
unvaccinated subjects, to lower sensitivity of IGRA for
detection of infections acquired in the past. ELISPOT test
results were, in general, more often positive compared with
ELISA assays, which may result from differences in sensitivity
and/or specificity. Thus, future studies will have to establish
the implications for the clinical use of these tests in both
immunocompetent and immunocompromised patients.

In contacts from an outbreak at a supermarket [89], conversion
to positive tuberculin skin test results 1 yr after exposure has
been demonstrated in a small subgroup of patients with an
initially negative tuberculin skin test in association with a
positive IGRA result [100]. As the tuberculin skin test has been
an adequate, albeit nonspecific, tool for the detection of
infected persons at risk of tuberculosis reactivation, and that
low sensitivity has not been a problem in immunocompetent
individuals, it is highly unlikely that those late tuberculin skin
test converters would have an increased risk of progression to
tuberculosis. During follow-up of the population screened
after exposure at the supermarket [89], only one patient
developed pulmonary tuberculosis. This patient initially had
both positive tuberculin skin test and IGRA (both ELISPOT
and ELISA) results (unpublished data).

Depending on the selection of the cut-off value for the
tuberculin skin test the sensitivity and specificity for detection
of latent infection with M. tuberculosis infection will differ.
Thus, for cut-off values as low as 5 mm, individuals with
positive tuberculin skin test results will reflect a mix of subjects
with latent infection with M. tuberculosis, environmental

mycobacteria infection or BCG vaccination. The proportion of
subjects with true latent infection with M. tuberculosis results
will increase with increasing cut-off values to designate a
positive tuberculin skin test result. In immunocompromised
hosts with similar risk profile the median indurations will be
lower due to an altered ability to produce an adequate immune
response, although this notion has been challenged in HIV-
infected patients with sputum smear-positive pulmonary
tuberculosis from high-prevalence countries [79].

The clinical relevance or the predictive value of a positive
tuberculin skin test (which patients will develop tuberculosis
in the near future) is generally poor, while the negative
predictive value (those subjects with a negative tuberculin skin
test who will not develop tuberculosis in the future) is high.
Several national guidelines (Centers for Disease Control and
Prevention in the USA [101], National Institute for Health and
Clinical Excellence (NICE) in the UK [102], and guidelines
from Switzerland [103]) suggest the use of IGRA in the
screening for latent infection with M. tuberculosis and/or to
confirm a positive tuberculin skin test. The positive predictive
value for the development of tuberculosis will most likely be
higher with an IGRA than with the tuberculin skin test because
of the higher test specificity and similar, or probably higher,
sensitivity. In immunocompetent individuals, the negative
predictive value of IGRA for active tuberculosis is very high, if
combined with a negative result of the tuberculin skin test [63,
104]. In immunocompromised individuals the negative pre-
dictive value of IGRA needs to be established.

The tuberculin skin test has been in use for more than a
century. Despite its limitations, clinicians feel comfortable with
this test format in immunocompetent hosts who are not
vaccinated with BCG. Owing to the high negative predictive
value in immunocompetent hosts, few patients will be
incorrectly withheld adequate treatment. Using IGRAs, the
number of patients treated for latent M. tuberculosis infection
will most probably be reduced. Clinicians have to carefully
weigh the benefit from not overtreating patients against the
still unclear negative predictive value from IGRA. This
problem will be overcome by the use of a two-step approach
(tuberculin skin test and confirmation of positive tuberculin
skin test results by IGRA).

Summary
1) Tuberculin skin test sensitivity and specificity is influenced
by the cut-off used. A lower cut-off will result in a higher
sensitivity and a lower specificity for M. tuberculosis infection.

2) Tuberculin skin test and IGRA results in general correlate
poorly, mainly because of positive tuberculin skin test results
in individuals vaccinated with BCG. ELISA and ELISPOT
results, in general, have a better correlation.

3) In order to improve the specificity of test results, several
national guidelines recommend initial tuberculin skin test screen-
ing and confirmation of a presumed infection with an IGRA.

4) The positive predictive value of IGRAs for the development
of active tuberculosis is likely to be equal or better than that of
the tuberculin skin test for immunocompetent individuals.
The negative predictive value of IGRA for active tuberculosis is
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very high in immunocompetent hosts if combined with the
tuberculin skin test.

SECTION 4
Contact tracing for latent tuberculosis infection
The risk of progression from latent infection with M.
tuberculosis declines exponentially ,10-fold over the first few
years and subsequently stays at this level for perhaps decades.
In the initial years following infection the cumulative risk is 2–
5% or approximately one per 100 person-years [32, 33], with
the subsequent risk of about one in 1,000 person-years
accumulating to a lifetime risk of 10–15% [34, 35] if infection
occurs at a relatively young age, including reactivation that
may occur decades after infection [105]. This baseline risk
increases substantially to 5–15% annually in immunologically
compromised patients (see also section 3) [106–108]. Early
detection using immunological tests will be affected by the
cross-reactivity with antigens resulting from prior sensitisation
by other mycobacteria including the BCG vaccine strain. Cross-
reactivity can be substantial with the tuberculin skin test but it
is much reduced with IGRAs. Nevertheless, to the extent
driven by the variable test specificity, the predictive value of a
positive test result is greatly increased in persons with a
history of contact because a selection is made on a relatively
large expected prevalence [109].

The prevalence of infection with M. tuberculosis is strongly
associated with duration of close contact [110–112] and the
characteristics of the putative source of infection [113–115].
Contacts exposed for a prolonged period (e.g. household
contacts and other persons within a close-knit social network)
to a case of sputum smear-positive disease are particularly at
risk. Among these, children aged ,5 yrs and immunocom-
promised patients have a particularly high risk of direct
progression to severe forms of the disease, such as meningeal
tuberculosis [116, 117]. These groups should, therefore, be
priorities for contact tracing [101, 117, 118]. There are several
difficulties associated with tuberculosis contact tracing that
need to be borne in mind.

First, the longer the period during which a case is able to
transmit M. tuberculosis, particularly if sputum smear-positive,
the more likely that transmission may reach considerably
beyond the closest contacts [110]. Brief and casual contacts are
relatively frequent but entail a relatively small risk of
becoming infected. In contrast, being exposed for a prolonged
period of time (such as spouses sharing an indoor environment
for many hours) is a rarer event but entails a large risk of
becoming infected. With a prolonged period of undiagnosed
infectiousness, the numbers of persons becoming infected
through casual contact may indeed exceed the number of
individuals who have become infected in a small household.
Efforts to trace them are costly, have a low yield, and the
resulting poor predictive value of any positive test result
generally precludes extensive contact tracing before those at
highest risk have been thoroughly evaluated. Therefore, in
order to increase efficiency, inclusion criteria for screening
need to be defined, with initial screening of close household
contacts, those with prolonged exposure to a symptomatic,
multi-bacillary source (where ‘‘prolonged’’ remains difficult to
quantify), children and immunocompromised individuals.
In deciding priorities for contact screening, the guiding

considerations are that the risk of becoming infected depends
on the quantity of bacilli expelled into the ambient air by a
source case, the volume of air into which the bacilli are
released, and the exposure time of a susceptible individual to
that air. If infected contacts are found within this group,
screening may then be extended to include more distant
contacts [110]. While such restrictions will reduce the
sensitivity in identifying recently infected contacts, limiting
contact tracing will increase the positive predictive value of
testing through an increase in the expected prevalence of
infection. Exposure to cases other than sputum smear-positive
carries a much lower risk of infection [114]. The UK NICE
Guidelines [119], however, recommend screening of close
contacts of all cases of active tuberculosis, the advantages,
among others, being active detection of other tuberculosis
cases, particularly children within a family group.

Secondly, test specificity can be positively influenced by the
choice of the cut-off point when using the tuberculin skin test
as the diagnostic test, albeit by sacrificing sensitivity. The
inverse is not necessarily always the case, at least not as
available data on HIV infection seem to suggest [79]. As only a
minority of persons found to be ‘‘tuberculin skin test positive’’
are at any risk of tuberculosis, even rare adverse drug events
must remain a serious consideration in prescription of
preventive therapy. In countries where IGRAs are available,
confirmation of a positive tuberculin skin test by an IGRA is
recommended by some experts [119], as it probably allows a
reduction in the number of contacts erroneously considered to
be infected and, thus, of the number of persons for whom a
preventive treatment is indicated [120]. Others recommend
that IGRAs completely replace the tuberculin skin test for
identifying latent infection [85]. Today, some data from
prospective studies are now emerging that look at the risk of
tuberculosis in those with a positive IGRA [86, 88, 121, 122].

Thirdly, those identified eligible for treatment of latent
infection with M. tuberculosis must be assured to complete a
full course of preventive therapy for maximum efficacy. It has
been shown that both inappropriate screening and failure to
ensure completion of preventive therapy compromise its
effectiveness [123]. Adherence might be improved by the type
of regimen employed and offering the patient a choice in its
selection, provided that there are no medical contraindications
for a particular choice [124].

The individual’s interest is best served by treatment regimens
for latent infection with M. tuberculosis that have a low toxicity
and promise high efficacy with the shortest possible duration
of treatment (table 3). This is more likely to encourage
adherence and, thus, confer both public health and individual
benefit. Recommendations of influential national bodies dis-
agree, however, on appropriate preventive chemotherapy
regimens, reflecting the uncertainty of the evidence. The
largest clinical trial ever done with isoniazid clearly assigns
12 months to be most efficacious among ‘‘completer-com-
pliers’’ (93%), and 6 months to be inferior (69%) [33], yet the
American Thoracic Society recommends 9 months [127], and
the British Thoracic Society 6 months [117]. The difference in
opinion is attributable to a difference in interpretation of
whether the regimen choice should be based on efficacy [33] or
on effectiveness [128]. Rifampicin-containing regimens are
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shorter and have fewer adverse drug events but do not have an
extensive trial record. The treatment recommended by the
British Thoracic Society is 3 months of rifampicin plus
isoniazid [117], based on a randomised clinical trial among
patients with silicosis [126], while the American Thoracic
Society recommends 4 months of rifampicin alone [129], a
recommendation not based on such a trial, but expected to
have a lower risk of adverse drug events, as toxicity using both
isoniazid plus rifampicin is cumulative [130].

The most important contraindication for preventive therapy is
the presence of manifest tuberculosis requiring an adequate
course of multidrug chemotherapy. Relative contraindications
for isoniazid include acute hepatitis and, for rifampicin,
treatment with protease inhibitors or non-nucleoside reverse
transcriptase inhibitors. Increasing age is associated with a
higher rate of drug-induced hepatitis [131] such that the risk/
benefit ratio of isoniazid preventive therapy is no more clearly
favourable beyond age 45 yrs among reactors with presumed
long-standing infection [132]. In contrast, for recently exposed
contacts with a positive tuberculin skin test, the risk of
tuberculosis appears to exceed the risk of isoniazid-induced
toxic hepatitis at all ages.

A pragmatic approach to contact tracing will first target
contacts of the most potent sources of transmission (sputum
smear positive for acid-fast bacilli) who had the longest
exposure to them, and being at particularly high risk of
progression to tuberculosis following infection (small children
and the immunocompromised). Depending on the prevalence
of infection found in this group, the circle of contacts might
then be expanded. To prevent unnecessary treatment, a
‘‘positive’’ tuberculin skin test result might be confirmed with
a more specific IGRA. To improve adherence, contacts eligible
for preventive therapy might then be given the choice between
a regimen using a well-established isoniazid-regimen of 9–
12 months duration, a regimen of rifampicin alone for
4 months, or a regimen comprising of rifampicin plus isoniazid
for 3 months, balancing the choice between evidence of
efficacy, convenience, and likelihood of adverse drug events.

Summary
1) The primary objective of contact tracing is to provide
preventive therapy to persons identified at risk of tuberculosis:
‘‘intention to test is intention to treat’’.

2) Contacts potentially benefiting from preventive therapy
should be identified hierarchically according to likelihood of
having become infected by a putative source, i.e. according to
source characteristics (estimated duration of infectiousness
prior to identification and extent of aerosolisation of bacilli,
i.e. bacteriological sputum results and respiratory manoeuvres

producing droplets), source–contact interaction (duration of
exposure) and presence of potentially aggravating risk factors
(such as immunosuppressive disorders or therapies; evidence A).

3) In tuberculin skin testing, specificity is increased with larger
cut-off points, albeit at the expense of decreased sensitivity and
vice versa. Where the choice is for low cut-off points in favour of
sensitivity, such test results might be confirmed by the more
specific IGRA (evidence D).

4) In the selection process of a preventive therapy regimen, the
strongest evidence is a choice between 12 months of isoniazid
(evidence A) and 3 months of rifampicin plus isoniazid
(evidence A).

5) Some guidelines recommend a shorter regimen such as
9 months of isoniazid (evidence C), or 4 months of rifampicin
alone (evidence C). Both may provide similar efficacy albeit at
reduced risk of adverse drug events.

SECTION 5

Special considerations in children
Special considerations apply with regard to contact tracing and
management of latent infection with M. tuberculosis in children.
As a public health intervention, a sensitive and specific
diagnosis of latent infection with M. tuberculosis in children
coupled with appropriate preventive chemotherapy will
reduce the future burden of disease.

If a source of infection emerges in a household, small children
are at particularly high risk of becoming infected with M.
tuberculosis because exposure time is frequently long.
Subsequent to infection, the risk of progression to tuberculosis
differs greatly with maturation. It is largest in the youngest
children and drops to one of the lowest in life during primary
school to increase again with onset of adolescence to reach a
second peak among young adults [34]. Radiographic manifes-
tations of primary tuberculosis, such as hilar and/or mediast-
inal lymphadenopathy, in infants and young children aged
,5 yrs was reported in the pre-chemotherapy era o50%. Such
children also had a markedly higher risk of severe manifesta-
tions such as disseminated and meningeal tuberculosis [133].

The main effect of BCG vaccination is the reduction in the risk
of the most severe forms of tuberculosis in infants, such as
disseminated and meningeal tuberculosis; it reduces the risk of
pulmonary tuberculosis to a lesser extent, and may have a
limited role in the prevention of acquisition of infection [134,
135]. However, due to an increasingly favourable epidemiolo-
gical situation and following risk/benefit analyses, BCG
vaccination has been suspended for the indigenous child
population in most affluent European countries. In a recent
survey in 2005, EuroTB reported on the very heterogeneous

TABLE 3 Evidence-based recommendations of preventive chemotherapy against latent infection with Mycobacterium
tuberculosis in adults

Evidence Evidence level Isoniazid alone Rifampicin-based treatment

Randomised trials A 12 months [33, 125] 3 months of rifampicin plus isoniazid [126]

Nonrandomised trials C 9 months [127] 4 months of rifampicin [127]
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BCG policies in all European Union and other European
countries with a low tuberculosis incidence: in 12 countries
BCG is still given at birth with four countries re-vaccinating
once or at several points in time. Five countries vaccinate older
children before school age and 10 countries only vaccinate
selected groups at risk. If vaccinated at birth, BCG coverage
was between 83% and 99.8%, and children originating from
high-burden countries showed 60–90% BCG coverage [136].

The diagnosis of latent infection with M. tuberculosis in
children relies on history of exposure, positivity of the
tuberculin skin test and exclusion of clinical symptoms and
radiological findings consistent with tuberculosis. The diag-
nosis is difficult due to deficiencies in the specificity of the
tuberculin skin test, which is compounded if there is prior BCG
vaccination. In children vaccinated at birth, positive tuberculin
skin test results may be observed for up to 10 yrs, depending
on the vaccine strain and may last even longer in the case of re-
vaccination or repeated tuberculin skin testing [137, 138].
Conversely, high-risk groups, such as immunocompromised
children, often have a false-negative skin test. Cut-off points
for the interpretation of skin test results in children have been
defined to facilitate decision making for when an intervention
is required, integrating vaccination history, epidemiologic and
other risk factors, in an attempt to balance errors resulting
from incomplete sensitivity and lack of specificity [127]. There
are only few data available on the incidence of environmental
mycobacterial infection or mycobacterioses in Europe, but the
reported increase of the latter, especially since the discontinua-
tion of BCG vaccination, suggests the potential for causing
false-positive tuberculin skin test results [139–141].

As with adults, IGRAs have been shown to better discriminate
between M. tuberculosis and common environmental mycobac-
teria in children, and they are most notably not confounded by
prior BCG vaccination [142]. Moreover, IGRAs show a better
correlation with the extent of tuberculosis exposure than the
tuberculin skin test [9, 135]. Data on the performance of IGRAs
in very young and immunocompromised children are still
scarce but, unlike the tuberculin skin test, diagnostic sensitivity
of ELISPOT in active tuberculosis appears to be independent of
HIV co-infection and malnutrition [143]. Thus, tuberculin skin
test and IGRA results have to be interpreted with caution and
the individual risk factors and clinical signs have to be taken
into account. There are few data on the predictive value of
IGRAs for the development of tuberculosis and recommenda-
tions for their use in children remain highly heterogeneous.

According to a recent prospective cohort study from Turkey,
the risk of progression to tuberculosis in household contact
children with a positive ELISPOT result was 3–4-fold increased
compared with children with negative ELISPOT results [144],
which was, however, not significantly superior to the
tuberculin skin test in predicting the progression to tubercu-
losis in these children. Guidelines in the UK [102, 119] and
Germany [118, 145] recommend IGRAs as confirmatory tests
following a positive tuberculin skin test in adults and children,
whereas current French [146] and Canadian [147] guidelines
refrain from recommending their use in children.

In Europe, infected children are usually diagnosed through
contact tracing, and occasionally through more indiscriminate

screening. Interpretations of screening results must take both
BCG vaccination history and the epidemiological context into
account. A simple set of four questions, highly predictive in
assessing the probability of latent infection with M. tuberculosis
and the indication for targeted infection screening can be used
(as modified from previously published material [148]):
1) ‘‘Has your child had any contact with a case of tuberculosis?’’
2) ‘‘Was any household member, including your child, born in
or, has travelled to, areas where tuberculosis is common
(e.g. Russia, Eastern European countries, Africa, Asia)?’’ 3)
‘‘Does your child have regular (e.g. daily) contact with adults at
high risk for tuberculosis (i.e. those who originate from
tuberculosis-endemic countries, or who are HIV-infected,
homeless, imprisoned, and/or illicit drug users)?’’ 4) ‘‘Is your
child HIV-seropositive, or, does he/she have another kind of
immunodeficiency?’’

This simple questionnaire gave a negative predictive value of
.99.8% [148]. Children with any of these risk factors should be
further screened for evidence of latent infection with M.
tuberculosis and exclusion of tuberculosis. At present, tubercu-
lin skin test should perhaps best remain the basic diagnostic
screening tool for latent infection with M. tuberculosis in
children.

Taking into account existing paediatric data, an IGRA should
be considered if the following conditions are met.

First, in children with a high risk of infection (especially young
children aged ,5 yrs and immunocompromised children) an
IGRA should be performed in addition to the tuberculin skin
test to increase sensitivity. If either test gives a positive result,
this may be regarded as supportive evidence of infection [88],
and the children should be offered preventive chemotherapy.

Secondly, in children with a low risk of latent infection with M.
tuberculosis (e.g. a positive tuberculin skin test during indis-
criminate screening without an identified putative source), an
IGRA can be used to confirm a positive tuberculin skin test
result to increase diagnostic specificity and reduce the risk of a
false diagnosis of latent infection with M. tuberculosis. In order
to improve clinical management in the future, data on
screening results (e.g. tuberculin skin test and IGRA), treatment
decision and outcome should be collected in a register (like the
TBNET) in order to be able to measure positive and negative
predictive value of the various tools and gain further
information on the role of IGRA in children in low-prevalence
settings.

The following recommendations can be summarised for the
management of latent infection with M. tuberculosis in children.

First, tuberculosis needs to be excluded in any child prior to
prescribing preventive therapy.

Secondly, children (particularly those aged ,5 yrs) with
exposure to sputum smear-positive tuberculosis who are
tuberculin skin test negative at the time of screening should
be offered preventive chemotherapy with isoniazid and should
be re-evaluated with a tuberculin skin test and/or IGRA after
3 months. If the test remains negative, the probability of
infection is very low and treatment may be stopped. If either
test converts to positive, preventive therapy should be
continued, unless 3 months of preventive therapy with both
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isoniazid and rifampicin have already been completed.
Children aged o5 yrs with exposure to sputum smear-positive
tuberculosis should also be screened and a positive tuberculin
skin test be confirmed by IGRA, where available. In case in
which the treating paediatrician opts not to provide preventive
therapy to tuberculin skin test-positive but IGRA-negative
children, surveillance for a minimum of 12–24 months is
indicated for observation and to collect outcome data, until the
positive and negative predictive value of IGRA are better
established in the setting of paediatric tuberculosis.

Preventive chemotherapy regimens for children are similar to
those for adults (section 4). Isoniazid monotherapy is given for
o6 months. However, treatment for 9 months has been judged
to maximise efficacy and effectiveness and is recommended in
some countries, such as Germany and the USA [118, 127, 149].
The risk of isoniazid-induced hepatitis in children is very small
[150]. A combination of isoniazid and rifampicin for 3 months
has been shown to be a promising alternative. It is effective,
increases adherence and has been recommended in the UK
[102, 151, 152].

Thirdly, children with contact to a source known to have
multidrug-resistant tuberculosis should be managed in a
specialised centre. In children with a high risk of disease
development, preventive chemotherapy (after exclusion of
tuberculosis) with two drugs to which the contact strain was
susceptible have been recommended [127]. Data supporting
this approach are scarce and regular follow-up of this cohort is
mandatory, accompanied by routine collection of outcome data
in such children. Rifampicin can be given for 4–6 months in the
case of contact with an isoniazid mono-resistant strain [127].

Summary
1) Children are more likely to develop tuberculosis than adults
after exposure to an active case, hence contact screening and
chemoprophylaxis are particularly important (evidence B).

2) The diagnosis of latent infection with M. tuberculosis in
children relies on history of exposure, positivity of the
tuberculin skin test and exclusion of clinical symptoms and
radiological findings consistent with active tuberculosis (evi-
dence B).

3) The positive and negative predictive value of IGRAs
remains to be established in children (evidence D).

4) Children aged ,5 yrs in particular should be started on
chemoprophylaxis, independent of their tuberculin skin test
result (evidence B).

5) Chemoprophylactic or preventive regimes are identical in
adults and children, but the dose needs to be adjusted
according to weight (evidence B).

CONCLUSIONS
Despite increasing knowledge on the nature of the host–
pathogen interactions in tuberculosis and the development of
specific immune responses towards M. tuberculosis, key
questions about latency and reactivation of M. tuberculosis
infection in humans remain unanswered. It is still not known
what proportion of individuals who had once been infected
remain persistently infected with M. tuberculosis and how
frequently all M. tuberculosis is entirely removed. Detection of

an adaptive immune response towards mycobacterial antigens
is only an indirect measure that represents a footprint of a
contact of the immune system with these organisms. Whether
long-term persistence of adaptive immune responses depends
on the presence of living mycobacteria is an issue that has not
been solved.

The introduction of IGRAs to routine clinical practice has
improved the identification of close contacts of index cases
with infectious tuberculosis, who are possibly infected with
viable M. tuberculosis. However, still better diagnostic tests are
needed to distinguish persons with tuberculosis from those
individuals latently infected with live M. tuberculosis and those
who have persistent anti-mycobacterial immune responses
without an increased risk of ever progressing to tuberculosis.
Whether these situations depend on the number of living
mycobacteria and/or the quality of specific immunity that
develops in response to M. tuberculosis contact is an issue that
cannot be solved based on the currently used diagnostic tools.

From an operational point of view, latent infection with M.
tuberculosis may best be defined as a state of persistent immune
response to prior acquired M. tuberculosis antigens without
evidence of clinically manifest tuberculosis. Based on this
definition, individuals with latent infection with M. tuberculosis
carry an increased risk of progression to tuberculosis. However,
an unknown proportion of those with latent infection with M.
tuberculosis will not develop tuberculosis because either their
immune system persistently controls dormant living mycobac-
teria or because they are no longer infected with living bacteria.
Thus, based on the informative value presently derived by
IGRAs and the tuberculin skin test, the term latent infection with
M. tuberculosis would at best implicate ‘‘lasting tuberculosis
immune responses’’ but not necessarily identify true ‘‘latent
tuberculosis infection’’ with viable bacilli and potential risk of
developing active tuberculosis.

Future guidelines for tuberculosis contact tracing should be
based on the predictive values of novel diagnostic tests to
direct both the decision to test and the decision to treat. Most
experts agree that the currently available IGRAs are superior to
the tuberculin skin test in tuberculosis contact tracing. In
contrast to the tuberculin skin test, IGRA results are not
confounded by BCG vaccination and infection with most
species of environmental mycobacteria. Novel test formats that
include other antigens, additional markers, the comparative
use of various patient specimens and advanced techniques,
may soon replace today’s commercially available IGRAs for a
better diagnosis of true latent infection with M. tuberculosis.
Considering the limitations of the currently available assays,
the main issue about testing is to restrict it to close contacts of
an index case, to children and immunocompromised indivi-
duals and to those who are known to be at higher risk of
developing tuberculosis and who are willing to accept
treatment for latent infection with M. tuberculosis.

Summary
1) Latency, as assayed by the tuberculin skin test and IGRA, is
a state of persistent mycobacteria-specific T-cell responses in
the absence of clinical evidence for tuberculosis disease
(evidence A).
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2) Whether latent tuberculosis infection depends on the presence
of living mycobacteria is presently unclear (evidence A).

3) The tuberculin skin test and IGRAs measure ‘‘lasting
tuberculosis immune responses’’ and not ‘‘latent tuberculosis
infection’’ (evidence A).

4) The tuberculin skin test and IGRAs cannot discriminate
active from latent infection (evidence A).

5) In general, tuberculin skin test and IGRA results correlate
poorly, mainly because of positive tuberculin skin test results
in individuals vaccinated with BCG (evidence A).

6) Contacts potentially benefiting from preventive therapy
should be identified hierarchically according to likelihood of
having become infected by a putative source and by presence
of potentially aggravating risk factors (evidence A). IGRAs
may be superior to the tuberculin skin test in identifying
contacts at risk of developing tuberculosis (evidence C).

7) Children are more likely to develop tuberculosis than adults
after exposure to an active case, hence contact screening and
chemoprophylaxis are particularly important (evidence B).
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