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SUMMARY

Identification and treatment of latent tuberculosis infection
(LTBI) can substantially reduce the risk of developing active dis-
ease. However, there is no diagnostic gold standard for LTBI. Two
tests are available for identification of LTBI: the tuberculin skin
test (TST) and the gamma interferon (IFN-�) release assay
(IGRA). Evidence suggests that both TST and IGRA are acceptable
but imperfect tests. They represent indirect markers of Mycobac-
terium tuberculosis exposure and indicate a cellular immune re-
sponse to M. tuberculosis. Neither test can accurately differentiate
between LTBI and active TB, distinguish reactivation from rein-
fection, or resolve the various stages within the spectrum of M.
tuberculosis infection. Both TST and IGRA have reduced sensitiv-
ity in immunocompromised patients and have low predictive
value for progression to active TB. To maximize the positive pre-
dictive value of existing tests, LTBI screening should be reserved
for those who are at sufficiently high risk of progressing to disease.
Such high-risk individuals may be identifiable by using multivari-
able risk prediction models that incorporate test results with risk
factors and using serial testing to resolve underlying phenotypes.

In the longer term, basic research is necessary to identify highly
predictive biomarkers.

INTRODUCTION

Globally, tuberculosis (TB) continues to be a major public
health threat, causing an estimated 8.6 million new cases and

1.3 million deaths from TB in 2012 (1). In most individuals, initial
Mycobacterium tuberculosis infection is eliminated or contained
by host defenses, and infection remains latent. Although latency
and active (i.e., symptomatic, infectious) TB disease are likely part
of a dynamic spectrum (Fig. 1) (2, 3), persons with latent TB
infection (LTBI) are classically considered to be asymptomatic
and not infectious. However, latent TB bacilli may remain viable
and “reactivate” later to cause active TB disease. Identification and
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treatment of LTBI can substantially reduce the risk of develop-
ment of disease and are important TB control strategies, especially
in settings with a low TB incidence, where reactivation of LTBI
often accounts for the majority of nonimported TB disease (4, 5).

TESTING FOR LATENT TUBERCULOSIS INFECTION

The goal of testing for LTBI is to identify individuals who are at
increased risk for the development of active TB; these individuals
would benefit most from treatment of LTBI (also termed preven-
tive therapy or prophylaxis). Thus, only those who would benefit
from treatment should be tested; a decision to test should presup-
pose a decision to treat if the test is positive (6).

In general, testing for LTBI is indicated when the risk of devel-
opment of disease from latent infection (if present) is increased;
examples include likely recent infection (e.g., close contact of a
person with TB) or a decreased capacity to contain latent infection
(e.g., because of immunosuppression, as in the case of young chil-
dren in contact with those with active TB, people living with hu-
man immunodeficiency virus [HIV] infection, or otherwise im-
munosuppressed persons because of medications or conditions
such as uncontrolled diabetes). In contrast, screening for LTBI in
persons or groups who are healthy and have a low risk of progress-
ing to active disease is not appropriate, since the positive predic-
tive value of LTBI testing is low and the risks of treatment can
outweigh the potential benefits (4). The balance of risk and benefit
is also different in high-burden settings, where the risk of reinfec-
tion may be high and screening for LTBI will have a low negative
predictive value. For children, the risk-to-benefit ratio is more
favorable than for adults.

There is no diagnostic gold standard for LTBI, and all existing
tests are indirect approaches which provide immunological evi-
dence of host sensitization to TB antigens (5). There are two ac-
cepted but imperfect tests for identification of LTBI: the tubercu-
lin skin test (TST) and the gamma interferon (IFN-�) release assay
(IGRA). Both tests depend on cell-mediated immunity (memory
T-cell response), and neither test can accurately distinguish be-
tween LTBI and active TB disease (7, 8).

TUBERCULIN SKIN TESTING: OVERVIEW AND LIMITATIONS

The TST, performed using the Mantoux technique (9), consists of
the intradermal injection of 5 tuberculin units (TU) of PPD-S

purified protein derivative (PPD) or 2 TU PPD RT23 (these are
considered equivalent [6]). In a person who has cell-mediated
immunity to these tuberculin antigens, a delayed-type hypersen-
sitivity reaction will occur within 48 to 72 h. The reaction will
cause localized induration of the skin at the injection site, and the
transverse diameter should be measured (as millimeters of indu-
ration) by a trained individual and interpreted using risk-strati-
fied cutoffs (5). It is important to note that cell-mediated immu-
nity to tuberculin antigens can sometimes reflect exposure to
similar antigens from environmental mycobacteria or Mycobacte-
rium bovis bacillus Calmette-Guérin (BCG) vaccination or a pre-
vious infection that has been cleared (through immunological
mechanisms or treatment).

In interpreting a positive TST, it is important to consider much
more than only the size of the induration (10). Rather, the TST
should be considered according to three dimensions: size of
induration (for the current test as well as in relation to the
induration on a previous test, if done), pretest probability of
infection, and risk of disease if the person were truly infected
(10). Menzies and colleagues developed a simple, Web-based,
interactive algorithm—the Online TST/IGRA Interpreter (ver-
sion 3.0; www.tstin3d.com)—that incorporates all these di-
mensions (10) and also computes the risk of serious adverse
events due to treatment.

The TST has several known limitations. False-positive and
false-negative results can occur. There are two important causes of
false-positive results: nontuberculous mycobacterium (NTM) in-
fection and prior BCG vaccination (11). NTMs are not a clinically
important cause of false-positive TST results, except in popula-
tions with a high prevalence of NTM sensitization and a very low
prevalence of TB infection (11). The impact of BCG on TST spec-
ificity depends on when BCG is given and on how many doses are
administered (11). If BCG is administered at birth (or during in-
fancy) and not repeated, then its impact on TST specificity is min-
imal and can be ignored while interpreting the results. In contrast,
if BCG is given after infancy (e.g., school entry) and/or given mul-
tiple times (i.e., booster shots), then TST specificity is compro-
mised (11).

The BCG World Atlas (www.bcgatlas.org) provides detailed
information on BCG policies and practices in many countries

FIG 1 Proposed framework for considering tuberculosis infection as a spectrum. (Reproduced from reference 2 by permission from Macmillan Publishers Ltd.)

Pai et al.

4 cmr.asm.org Clinical Microbiology Reviews

http://www.tstin3d.com
www.bcgatlas.org
http://cmr.asm.org


(12). While most developing countries have a policy of a single
BCG vaccine administered at birth, some countries (Fig. 2) give
the vaccine later in life and also give booster shots.

False-negative TST results may occur because of limited sensi-
tivity in particular patient subgroups (e.g., immunosuppressed
individuals [due to medical conditions such as HIV infection or
malnutrition] or those taking immunosuppressive medications)
or because of preanalytical or analytical sources of test variability
(e.g., improper tuberculin handling or placement or incorrect in-
terpretation of test results) (6). Unfortunately, individuals for
whom the TST has limited sensitivity are often the very individu-
als that are at increased risk of progression to active disease if
infected. Anergy induced by active TB itself can cause false-nega-
tive TST results (6).

The TST is also known to have problems with reproducibility,
with inter- and intrareader variability in measurements of indu-
ration (13). Nonspecific variability is expected, and interpretation
of repeat testing is complicated by immunologic recall of preex-
isting hypersensitivity to TB (i.e., boosting), conversions (i.e., new
infection), and reversions (of positive results to negative) (13).
Cutoffs used for TST conversions are different from the cutoffs
used for diagnosis of LTBI (5).

Measurement of the long-term ability of a positive TST to pre-
dict development of active TB is difficult, requiring prolonged
follow-up of unselected populations. Based on historical studies,
there is a modest positive association between tuberculin reactiv-
ity and the risk of active TB (14). However, a majority of individ-
uals with positive TST results do not progress to active disease. As
a result, many TST-positive individuals need to be treated in order
to prevent one disease event (4). Thus, targeted testing of high-risk
groups is the common practice.

IGRA: ASSAY PRINCIPLES

IGRAs are in vitro blood tests of cell-mediated immune response;
they measure T-cell release of IFN-� following stimulation by an-
tigens specific to the M. tuberculosis complex (with the exception

of BCG substrains), i.e., early secreted antigenic target 6 (ESAT-6)
and culture filtrate protein 10 (CFP-10). These antigens are en-
coded by genes located within the region of difference 1 (RD1)
locus of the M. tuberculosis genome (15, 16). They are more spe-
cific than PPD for M. tuberculosis because they are not encoded in
the genomes of any BCG vaccine strains or most species of NTM,
other than M. marinum, M. kansasii, M. szulgai, and M. flavescens
(17). However, not all NTMs have been studied for cross-reactiv-
ity. There is some evidence of cross-reactivity between ESAT-6
and CFP-10 of M. tuberculosis and M. leprae (18, 19), but the
clinical significance of this in settings where leprosy and TB are
endemic (e.g., India and Brazil) is poorly characterized.

Two commercial IGRAs are available in many countries: the
QuantiFERON-TB Gold In-Tube (QFT) assay (Cellestis/Qiagen,
Carnegie, Australia) and the T-SPOT.TB assay (Oxford Immuno-
tec, Abingdon, United Kingdom). Both tests are approved by the
U.S. Food and Drug Administration (FDA) and Health Canada
and are CE (Conformité Européenne) marked for use in Europe.

The QFT assay is an enzyme-linked immunosorbent assay
(ELISA)-based, whole-blood test that uses peptides from the RD1
antigens ESAT-6 and CFP-10 as well as peptides from one addi-
tional antigen (TB7.7 [Rv2654c], which is not an RD1 antigen) in
an in-tube format. The result is reported as quantification of
IFN-� in international units (IU) per milliliter. An individual is
considered positive for M. tuberculosis infection if the IFN-� re-
sponse to TB antigens is above the test cutoff (after subtracting the
background IFN-� response of the negative control).

The T-SPOT.TB assay is an enzyme-linked immunosorbent
spot (ELISPOT) assay performed on separated and counted pe-
ripheral blood mononuclear cells (PBMCs) that are incubated
with ESAT-6 and CFP-10 peptides. The result is reported as the
number of IFN-�-producing T cells (spot-forming cells). An in-
dividual is considered positive for M. tuberculosis infection if the
spot counts in the TB antigen wells exceed a specific threshold
relative to the negative-control wells. Indeterminate IGRA results

FIG 2 Countries where BCG vaccine is given after infancy or multiple times (at present or in the past). In these settings, IGRAs may be more specific than TST
for latent TB infection. (Adapted from reference 12, which was published under a Creative Commons license.)
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can occur due to a low IFN-� response to the positive (mitogen)
control or a high background response to the negative control.

TEST CHARACTERISTICS: SENSITIVITY AND SPECIFICITY FOR
LTBI

Since there is no gold standard for LTBI, sensitivity and specificity
are typically estimated using surrogate reference standards. Sensi-
tivity is estimated among culture-confirmed TB cases, while spec-
ificity is estimated among low-risk individuals with no known TB
exposure in low-incidence settings (20).

Based on published meta-analyses (7, 8, 21), IGRAs have a
specificity for LTBI diagnosis of �95% in settings with a low TB
incidence, and specificity is not affected by BCG vaccination. TST
specificity is similarly high in populations not vaccinated with
BCG (97%). Among populations where BCG is administered, the
specificity is much lower (approximately 60%) and variable, de-
pending on when and how often BCG is given. The sensitivity for
the T-SPOT.TB assay appears to be higher than that for the QFT
assay or TST (approximately 90%, 80%, and 80%, respectively).
IGRA sensitivity is diminished by HIV infection and in children
(see later discussion) (22, 23).

Because IGRAs are not affected by BCG vaccination status,
IGRAs are useful for evaluation of LTBI in BCG-vaccinated indi-
viduals, particularly in countries where BCG vaccination is ad-
ministered after infancy or multiple (booster) BCG vaccinations
are given (12, 24). In such countries (Fig. 2), the TST is unlikely to
have high specificity.

Although this is based on limited evidence, IGRAs appear to be
unaffected by most infections with NTMs which can cause false-
positive TSTs (17). However, infection with M. marinum or M.
kansasii, which express ESAT-6 or CFP-10, has been shown to
produce positive results in IGRAs, as with the TST (25, 26).

TEST CHARACTERISTICS: REPRODUCIBILITY

While IGRAs have improved specificity over that of TST, concerns
have been raised about issues with reproducibility of the test in
settings where repeat testing is necessary (27, 28). By nature, func-
tional T-cell assays are highly susceptible to variability by numer-
ous factors at multiple levels, including assay manufacturing, pre-
analytical processing, analytical testing, and immunomodulation.
Therefore, reproducibility is an important consideration (29) that
makes it challenging to use a single cutoff value to distinguish
between positive and negative results with one-time testing and to
define conversion and reversion in individuals undergoing serial
testing.

A systematic review on IGRA reproducibility in 2009, based on
a small number of studies, showed that variability was substantial,
with magnitudes of within-subject IFN-� responses varying by up
to 80% (28). Since then, more research has emerged, providing a
better understanding of the sources of variability in IGRAs. A list
of potential sources of IGRA variability and their impacts is shown
in Table 1. Figure 3 graphically illustrates the sources of variations,
with the QFT assay as an example. Although each source can have
a positive or negative effect on the assay response, the “total vari-
ability” is the net sum of all variability combined.

Variability Due to Manufacturing Issues

Like all diagnostic tests, IGRAs may be susceptible to manufactur-
ing quality issues, with some lots or reagents affected by issues
such as temperature during shipping. This was described for the

QFT assay by Slater and colleagues, who investigated a sudden
increase in the rate of positive QFT results, from 10% to 31%, at an
academic institution in the United States (30). The reason for the
sudden increase in the false-positive rate during this incident
could not be identified, although a similar issue, attributed to
contamination of a specific lot of tubes, led to its withdrawal from
the market by the manufacturer in 2012 (31). By monitoring pos-
itivity and indeterminate rates, clinical laboratories can rapidly
detect and halt utilization of potentially faulty lots, alert the man-
ufacturer to investigate, and prevent reporting of inaccurate test
results.

Preanalytical Sources of Variability

Preanalytical sources of variability are several and likely represent
a large component of “total variability.” Among the list of poten-
tial sources shown in Table 1, delay between blood collection and
incubation of cells at 37°C has been studied extensively. The man-
ufacturer of the QFT assay allows a 0- to 16-h range of delay before
tubes can be incubated. However, Doberne and colleagues showed
a significant decline in TB response with a delay in incubation
within the recommended range (32). Compared to immediate
incubation, 6- and 12-h delays resulted in positive-to-negative
reversion rates of 19% (5/26 samples) and 22% (5/23 samples),
respectively, for individuals with a high risk for LTBI (32). Indi-

TABLE 1 Potential sources of variability and their impact on results in
IGRAsc

Source of variability

Impact on assay

QFT T-SPOT.TB

Manufacturing source
Between-lot variability 12 12

Preanalytical sources
Time of blood draw (a.m. vs p.m.) 1 p.m. ?
Skin disinfection ? ?
Traumatic blood draw ? ?
Blood vol (0.8–1.2 ml) 2 NA
Shaking of tubes (gentle to

vigorous)
1 NA

T-cell and APC counts ? ?a

Transportation temp ? 2
Delay in incubation (0–16 h) 2 2
Incubation time (16–24 h) Possible effect ?
Plasma separation delays (seconds

to hours)
?b NA

Plasma storage (�4–�80°C) No effect NA

Analytical sources
Within-run imprecision 12 12
Between-run imprecision 12 12
Between-operator imprecision 12 12
Between-laboratory imprecision 12 12

Immunological sources
Boosting by PPD 1 1
Modulation by PAMP 12 ?

a The mononuclear cell input is normalized.
b According to the manufacturer, delay after plasma separation contributes to ELISA
variability.
c NA, not applicable; APC, antigen-presenting cell; PPD, purified protein derivative;
PAMP, pathogen-associated molecular pattern;12, may go in either direction.
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viduals with reversion had a lower TB response, closer to the assay
cutoff, than individuals whose results remained positive with in-
cubation delay.

Incubation delay also has a negative effect on test results
through reducing the mitogen response in the QFT assay and in-
creasing the rate of indeterminate results (29, 32, 33). Other pre-
analytical variables shown to impact QFT results include blood
volume and tube shaking. Gaur and colleagues showed an inverse
relationship between blood volume in the TB antigen tube, within
the recommended range, and IFN-� response (34). Compared to
0.8 ml blood, 1.0 and 1.2 ml blood resulted in significant declines
in TB-specific IFN-� responses in the infected subjects, and 1.2 ml
resulted in a significant decrease in the proportion of positive
results. Vigorous shaking also caused a significant increase in
IFN-� response in the nil and TB antigen tubes and caused a
significant elevation in TB response when vigorously shaken TB
antigen tubes were paired with gently shaken nil tubes (34). In the
same study, duration of incubation within the recommended
range was not shown to be a source of variability in the infected
group (34), but this may not be consistent with a similar study that
did show that 24 h of incubation led to a higher TB-specific IFN-�
response than that with 16 h of incubation (35). Variation in the
timing of blood collection (evening versus morning) may also
introduce variability into test results, but the mechanism is
unclear (36). While the reproducibility of the QFT assay is
reasonably well studied, many of the above considerations also
apply to the T-SPOT.TB assay.

Analytical Sources of Variability

The analytical sources of variability refer to fluctuations in mea-
surements due to random errors caused by interference of uncon-
trolled factors in biological fluids (matrix effects), imprecision of
pipetting, manipulation errors in centrifugation, decantation, and
washing, and the imprecision of measurement of the final signal.
Unlike preanalytical sources of variability, which are mostly sys-
tematic and therefore predictable, the analytical sources are
mostly random and persist despite extensive efforts to improve
the analytical reproducibility.

Indeed, studies such as that of Metcalfe and colleagues (37) have
shown considerable within-run and between-run variabilities in
the quantitative results, producing discordant results when TB
responses are close to the assay cutoff (37). Whitworth and col-
leagues showed variability in QFT results from the same subjects
when ELISAs were performed in different laboratories (38). Ana-
lytical error originating from interreader variability has also been
investigated, though it appears to be a problem primarily with the
T-SPOT.TB assay, not the QFT assay (39).

Immunological Sources of Variability

The two immunological sources of variability described to date
include immune boosting and immunomodulation. Van Zyl-
Smit and colleagues showed that a significant increase in TB re-
sponse occurs when QFT and T-SPOT.TB testing is performed
more than 3 days after PPD placement, through immunological

FIG 3 Sources of variability in the QuantiFERON-TB Gold In-Tube assay.
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recall of preexisting memory T cells to TB antigens (40). Similar
findings have been reported in other studies (41–44), although it is
not clear how long the IGRA boosting persists and whether the
PPD formulation and amount used in TST contribute to boosting.
The underlying mechanism of TST boosting is thought to be an
anamnestic response of preexisting memory T cells to RD1 anti-
gens, which are contained within PPD (45, 46). In contrast, a
previous IGRA will not boost the results of the subsequent IGRA
result, as the test itself is performed ex vivo.

Another source of immunological variability is caused by im-
munomodulation through conserved microbial products known
as pathogen-associated molecular patterns (PAMPs), such as lipo-
polysaccharide and peptidoglycan (47). PAMPs are recognized by
the innate immune cells via several families of pathogen recogni-
tion receptors (PRRs), of which the Toll-like receptor (TLR) fam-
ily is best characterized. Activation of PRRs triggers intracellular
signaling pathways culminating in the expression of inflammatory
mediators which stimulate the maturation of antigen-presenting
cells and initiation of adaptive immune responses, such as the
development and proliferation of antigen-specific effector T-cell
subsets (47).

Gaur and colleagues showed that in vitro immunomodulation
in the QFT assay may occur with Toll-like receptor agonists and at
low concentrations and that this may enhance antigen-specific
IFN-� responses in individuals with presumed LTBI (48). PAMPs
in an IGRA may, for example, be derived from endogenous mi-
crobiota (which can be influenced by diet, antibiotics, and per-
sonal hygiene) or from exogenous contaminants (mostly from
skin during blood draw) and may account for a fraction of the
reported within-subject variability.

Overall, IGRA results can be affected by many sources of varia-
tion, not all of which are understood at present. While systematic
sources of variability can be eliminated or minimized through
standardization by the assay manufacturers and users of the test,
random sources of variability are unavoidable and must be ac-
counted for when interpreting results. Once total variability in
IGRA responses is determined, appropriate cutoffs and borderline
zones can be derived for interpreting serial testing results in light
of a patient’s TB risk factors and local laboratory practices (49).

TEST CHARACTERISTICS OF SUBGROUPS

Individuals with Suspected TB Disease

Three systematic reviews have assessed the ability of IGRAs to
diagnose active TB in adults, including extrapulmonary TB, with
consistent conclusions that active TB can neither be ruled in nor
ruled out with IGRAs (7, 8, 50). Because IGRAs (like the TST)
have suboptimal sensitivity for active TB, especially in HIV-in-
fected persons, a negative result cannot reliably rule out active TB.
IGRAs also cannot distinguish between LTBI and active TB, and
therefore the specificity of TB diagnosis will always be poor in
countries with high TB burdens (51, 52).

Metcalfe and colleagues performed a meta-analysis to assess the
diagnostic performance of QFT and T-SPOT.TB assays among
adults with suspected or confirmed active pulmonary TB in low-
and middle-income countries (7). Among HIV-infected patients,
pooled sensitivity estimates were 76% (95% confidence interval
[CI], 45% to 92%) for T-SPOT.TB assay and 60% (95% CI, 34%
to 82%) for QFT assay. Pooled specificity estimates were low for
both IGRAs among all participants (61% [95% CI, 40% to 79%]

for T-SPOT.TB assay and 52% [95% CI, 41% to 62%] for QFT
assay) and among HIV-infected persons (52% [95% CI, 40% to
63%] for T-SPOT.TB assay and 50% [95% CI, 35% to 65%] for
QFT assay). There was no consistent evidence that either IGRA
was more sensitive than the TST for active TB diagnosis in low-
and middle-income countries. This review informed a 2011 WHO
policy on the use of IGRAs in low- and middle-income countries
(53). The policy states that neither IGRAs nor the TST should be
used for the diagnosis of active TB (53).

Fan and colleagues summarized the performance of IGRAs for
extrapulmonary TB diagnosis and found that both IGRAs and the
TST had poor specificity in distinguishing extrapulmonary TB
from LTBI, especially in low-income countries (50).

A few studies have assessed the incremental value of IGRAs
within diagnostic algorithms for active TB (54–56). In other
words, considered in light of conventional risk factors, including
signs, symptoms, and findings on chest radiograph, do IGRAs
improve risk stratification of individual TB suspects? As with the
TST, these studies determined that there is limited added value for
adults in settings with either low (55) or high (54, 56) TB inci-
dence. A recent study showed similar results for children (57).

Children

Children are at high risk of developing TB disease, if infected (58).
Furthermore, diagnosis of TB is a persistent challenge with young
children, who are often unable to produce sputum and for whom
conventional microbiological tests have low sensitivity (58). Two
systematic reviews have assessed the performance of IGRAs for
children (23, 59). Available data from these systematic reviews
suggest that TST and IGRAs have similar accuracies for the detec-
tion of TB infection or the diagnosis of disease in children. Sub-
group analysis suggested a lower sensitivity for all tests in young
(�5 years of age) or HIV-infected children. Both TST and IGRAs
had similar correlations with the exposure gradient in children.
However, the ability of either TST or IGRA alone was suboptimal
to rule in or rule out active TB. Thus, in children with suspected
active TB, every effort should be made to collect appropriate clin-
ical specimens for microbiological and molecular testing, and
IGRAs should be used with other clinical data (e.g., TST results,
chest X-ray findings, and history of contact) to support a diagnosis
of active TB (60).

HIV-Infected Persons

Three systematic reviews have summarized the performance of
IGRAs in HIV-infected populations (22, 61, 62), with fairly con-
sistent conclusions. Cattamanchi and colleagues (61) showed that
for HIV-infected persons with active TB (a surrogate reference
standard for LTBI), pooled sensitivity estimates were heteroge-
neous but higher for T-SPOT.TB assay (72%; 95% CI, 62 to 81%)
than for QFT assay (61%; 95% CI, 47 to 75%) in low- and middle-
income countries. However, neither IGRA was consistently more
sensitive than the TST in head-to-head comparisons. IGRAs, in
particular the T-SPOT.TB assay, may be less affected by the degree
of immunosuppression, but results differed across geographical
settings.

In another meta-analysis, Santin and colleagues analyzed the
impact of HIV on rates of indeterminate IGRA results (22). They
estimated the pooled indeterminate proportion to be 8.2% for
QFT assay and 5.9% for the T-SPOT.TB assay for HIV-infected
persons. Indeterminate proportions were higher in high-burden
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settings (12.0% for QFT assay and 7.7% for T-SPOT.TB assay)
than in low- or intermediate-burden settings (3.9% for QFT assay
and 4.3% for T-SPOT.TB assay). Proportions were also higher for
patients with CD4� T-cell counts of �200 (11.6% for QFT assay
and 11.4% for T-SPOT.TB assay) than for those with CD4� T-cell
counts of �200 (3.1% for QFT assay and 7.9% for T-SPOT.TB
assay).

Thus, current evidence suggests that IGRAs perform similarly
to the TST in identifying HIV-infected individuals with presumed
LTBI. Both TST and IGRAs have suboptimal sensitivity for active
TB, suggesting a potential role for using both tests, especially in
severely immunocompromised individuals.

IMIDs

TB screening before therapy with immunomodulating biologic
agents (e.g., tumor necrosis factor alpha [TNF-�] inhibitors) in
patients with immune-mediated inflammatory diseases (IMIDs)
is an established and growing practice. However, the exact screen-
ing approach and algorithm remain controversial. Winthrop and
colleagues (63) and Smith and colleagues (64) reviewed the evi-
dence on performance of IGRAs for patients with IMIDs. A sum-
mary assessment was limited, as most studies were small and var-
ied considerably with respect to the use of immunosuppressive
medications and types of patients with IMIDs. Current evidence
does not clearly suggest that IGRAs are better than TST in identi-
fying patients with IMIDs who could benefit from LTBI treatment
(63). To date, no studies have been done on the predictive value of
IGRAs for patients with IMIDs.

Shahidi and colleagues summarized the evidence for patients
with inflammatory bowel disease and evaluated the impact of im-
munosuppressive therapy on the proportion of indeterminate re-
sults and IGRA and TST positivity (65). The pooled percentage of
indeterminate results was 5% for QFT assay, with the T-SPOT.TB
assay showing similar results. Both positive QFT results (pooled
odds ratio [OR] � 0.37; 95% CI, 0.16 to 0.87) and positive TST
results (pooled OR � 0.28; 95% CI, 0.10 to 0.80) were significantly
influenced by immunosuppressive therapy (P � 0.02 for both).

In the only prospective, longitudinal study, Chang and col-
leagues reported a comparison of TST and the QFT assay for LTBI
screening in 107 Korean patients with rheumatoid arthritis (n �
61) or ankylosing spondylitis (n � 46) who were initiating treat-
ment with TNF-� antagonists (66). QFT results were indetermi-
nate for 7 (6.5%) patients. Among the remaining 100 patients,
QFT and TST results were discordant for 33 (33%), including 16
with negative QFT and positive TST results and 17 with positive
QFT and negative TST results. No patients developed active TB
during a median of 18 months of treatment with TNF antagonists,
including the 16 patients with positive TST but negative QFT re-
sults who were not treated for LTBI. Although Chang and col-
leagues concluded that screening with the QFT assay is sufficient
prior to treatment with TNF antagonists, in regions of moderate
or high TB prevalence, or in patients with TB risk factors, there is
some evidence that a dual testing strategy of TST and IGRA im-
proves sensitivity (63, 67). Winthrop and colleagues have pro-
posed an algorithm for this purpose (63).

HCWs and Serial Testing

Serial (repeated) testing for LTBI is indicated for specific popula-
tions, such as health care workers (HCWs) in high-risk settings
and prison inmates and staff. The goal of serial testing is to identify

recent TB infections and to target newly infected individuals (who
are at increased risk of disease progression) for preventive therapy.

Several studies have evaluated the use of IGRAs in HCWs, and
these have been summarized in systematic reviews (68, 69).
Zwerling and colleagues found that in settings with low and mod-
erate TB incidences, the cross-sectional prevalence of a positive
IGRA in HCWs was significantly lower than that for a positive TST
(68). However, in high-incidence settings, there were no consis-
tent differences in the prevalences of positive tests. IGRAs showed
good correlation with occupational risk factors for TB exposure in
low- and moderate-incidence settings in only some studies (69,
70). Thus, the use of IGRAs instead of TST for one-time screening
may result in a lower prevalence of positive tests and fewer HCWs
who require LTBI treatment, particularly in settings with a low TB
incidence (69).

However, when simple negative/positive cutoffs are used for
serial testing, issues may arise from high rates of conversions and
reversions, and the higher specificity of IGRAs than of TST must
be balanced against the higher probability of false-positive con-
versions following an initially negative test. This is evident from
recent experiences of North American hospitals that began imple-
menting IGRAs for employee screening after the 2005 Centers for
Disease Control and Prevention (CDC) guidelines, which recom-
mended that a change from a negative to a positive IGRA result
(using the diagnostic IFN-� cutoff of �0.35 IU/ml) can be treated
as a “conversion” (71–74). These studies have reported high
rates of IGRA conversions and reversions, a phenomenon
noted in other studies in settings of low TB incidence as well
(75–85) (Table 2).

A recent, large HCW study was conducted by the U.S. CDC’s TB
Epidemiologic Studies Consortium (TBESC) (86). This study of
2,563 HCWs undergoing occupational TB screening in 4 U.S. hos-
pitals performed testing every 6 months, using TST, QFT, and
T-SPOT.TB assays. Proportions of participants with test conver-
sion during the study period were 138/2,263 (6.1%) participants
for QFT assay, 177/2,137 (8.3%) participants for T-SPOT.TB as-
say, and 21/2,293 (0.9%) participants for TST (86). This study also
found very high reversion rates among HCWs with positive QFT
and T-SPOT.TB results.

In a study of over 9,000 HCWs at Stanford University Medical
Center, 4.4% of those with initial negative QFT results had a con-
version over 2 years, which is substantially higher than the historic
TST conversion rate of 0.4% at this hospital (87). Similarly, a QFT
conversion rate of 5.3% was reported from Canadian hospitals
(70), with no TST conversions in the same cohort. At the Central
Arkansas Veterans Healthcare System, the QFT conversion rate
was found to be 30-fold higher than the baseline TST conversion
rates in the years preceding the use of the QFT assay (85).

These high IGRA conversion rates are not compatible with the
current low rates of TB incidence in the United States and Canada,
as indicated by TST conversion rates of well below 1% in many
hospitals (86). To overcome these problems, health care institu-
tions have begun using more stringent cutoffs or retesting strate-
gies to eliminate false-positive conversions (71, 74), and some
have switched back to serial TST (85).

IGRAs also had high rates of reversions in most studies, ranging
from about 20 to 60% (Table 2), and these occurred even without
LTBI treatment. In general, IGRA reversions are much more likely
to occur among those with IFN-� values (or spot counts) just
above the diagnostic threshold (i.e., borderline zone), indepen-
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dent of treatment for LTBI. However, reversions have also been
observed in situations with strongly positive initial IGRA re-
sponses.

When tests are repeated more frequently on the same individ-

uals, more complex patterns or phenotypes are seen (Fig. 4), in-
cluding stable and unstable (transient) conversions, persistently
positive (long-term positive results) and negative (long-term neg-
ative results) results, and other more complex trajectories (88, 89).

TABLE 2 Serial testing studies of IGRAs in health care workers in countries with low and intermediate incidencesc,d

Study, yr (reference) Country Duration between tests

No. of conversions or reversions/total no. of participants (%)

TST conversions IGRA conversionsa IGRA reversionsa

Slater et al. (87) USA 2 yr 0.4% (historical) 361/8,227 (4.4) 613/1,584 (38.7)
Dorman et al. 2013 (86) USA 6 mo 21/2,293 (0.9) For QFT, 138/2,263 (6.1);

for T-SPOT, 177/2,137
(8.3)

For QFT, 81/106 (76);
for T-SPOT, 91/118
(77)

Zwerling et al., 2013 (70) Canada 1 yr 0/241 13/245 (5.3) 8/13 (62)
Joshi et al., 2012 (85) USA 1 yr 0.1% (historical) 71/2,232 (3.2) 31/69 (45)
Park et al., 2012 (84) South Korea Once-monthly testing

for 1 yr
NA 25/48 (52) had �1

conversion over 1 yr
Not reported

Joshi et al., 2012 (73) USA 2–30 days NA NA 18/45 (40)
Rafiza and Rampal, 2012 (75) Malaysia 1 yr NA 69/703 (9.8) 14/59 (23.7)
Fong et al., 2012 (71) USA 1 yr or 1–6 mo for

repeat of positive
IGRA

NA 52/1,857 (2.8) 8/10 (80)b

Torres Costa et al., 2011 (76) Portugal 1 yr 61/199 (30.7); reversion rate �
4/188 (2.1)

51/462 (11) 46/208 (22.1)

Schablon et al., 2010 (77) Germany High-risk HCWs tested
annually, all others
evaluated every other
year

NA 15/245 (6.1) 13/42 (32.6)

Ringshausen et al., 2010 (78) Germany 18 wk NA 3/162 (1.9) 6/18 (33.3)
Park et al., 2010 (79) South Korea 1 yr NA 14/244 (5.7) NA
Lee et al., 2009 (80) South Korea 1 yr 16/75 (21.3) 21/146 (14.4) NA
Chee et al., 2009 (81) Singapore 1 yr 0/18 (note that the denominator

includes only baseline
concordant positive results)

9/182 (4.9) NA

Yoshiyama et al., 2009 (82) Japan 2 and 4 yr NA 5/277 (1.8) 13/32 (41)
Pollock et al., 2008 (83) USA 1–7 mo NA 2/43 (4.6) selected HCWs

at “increased risk” and
negative at baseline

NA

a All conversions/reversions, using simple negative/positive results.
b Note that repeat testing was done among those with positive QFT results close to the cutoff point.
c HCW, health care worker; IGRA, gamma interferon release assays; NA, data not available; TST, tuberculin skin test.
d Adapted from reference 90 with permission of the publisher.

FIG 4 Serial testing with IGRAs reveals underlying phenotypes. The persistently positive pattern is seen in individuals who are repeatedly IGRA positive for a
long time. Unstable conversion refers to individuals who convert their IGRA result from negative to positive and then revert again to negativity. Stable conversion
refers to individuals who convert their IGRA result and stay converted, at least in the short term. Persistently negative refers to individuals who stay repeatedly
IGRA negative for a long time. (Reproduced from reference 88 by permission from Macmillan Publishers Ltd.)
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There are limited longitudinal data on the prognosis of such phe-
notypes, and it is unclear whether any subgroup should be tar-
geted for preventive therapy.

As summarized in recent reviews (49, 90), IGRAs are inherently
dynamic in a serial testing context, and this is reflected in the
literature, which consistently shows high rates of both conversions
and reversions. There are no data to date to suggest that IGRAs are
better at identifying the incidence of new TB infection than the
TST, and in fact, when manufacturer’s dichotomous cutoffs are
used for conversions, they will likely result in conversion rates that
are incompatible with what is epidemiologically expected for a
given setting. While the interpretation of IGRA results is not
prone to the subjectivity that adversely affects the reading of TST
induration, other factors affect their reproducibility, as reviewed
earlier. Occupational testing programs will therefore need to stan-
dardize IGRA testing protocols to limit the variability in results,
and suggestions for standardization have been proposed (91). It is
also clear that simplistic definitions of conversions are no longer
valid and that existing guidelines on serial testing need to be up-
dated to reflect the accumulated evidence.

Monitoring of Antituberculosis Therapy

IGRA responses are hypothesized to be related to the bacillary
burden and antigenic load present in the body (92). If this is true,
then treatment and a decrease of antigenic load should result in a
decrease in the IGRA response, which could conceivably be used
for treatment monitoring. The clinically important question,
therefore, is whether IGRAs can be used to assess treatment re-
sponses and to predict failure or relapse in active TB. Smear and
culture conversions to negativity are established treatment mon-
itoring parameters (93). Several studies have tried to correlate the
changes in IFN-� responses in IGRAs with these established mark-
ers of treatment response (94–98). In one of the largest studies,
Denkinger and colleagues found a significant decrease in the
IFN-� response over time but no significant correlation with
smear or culture conversion to negativity (98). Other studies have
found inconsistent results that are mostly not supportive of the
use of IGRAs for active TB treatment monitoring (94–98).

While there are established markers for treatment monitoring
in active TB, no biomarker is currently available for the monitor-
ing of LTBI treatment success. Similar to treatment monitoring in
active TB, studies have reported conflicting results regarding the
impact of treatment of LTBI on IGRA responses (99–102). The
highest-quality data thus far come from a randomized trial that
assigned patients with LTBI to receive isoniazid (INH) or placebo
and measured CFP-10 and ESAT-6 responses by ELISPOT assay at
enrollment and months 1, 3, and 6 (103). While there were de-
creases in responses observed over time, the decreases were similar
in both the treatment and placebo groups.

Chiappini and colleagues systematically reviewed the data on
use of IGRAs for treatment monitoring in both active and latent
TB and concluded that “monitoring IGRA changes over time
seems to have only speculative value” (104).

PREDICTIVE VALUE FOR PROGRESSION TO TB DISEASE

Diel and colleagues assessed the positive and negative predictive
values of the commercial IGRAs relative to those of the TST for the
future development of active TB in untreated individuals (105).
Their review suggested that the positive and negative predictive
values of commercial IGRAs might be higher than those of the

TST, in particular among high-risk populations. A limitation,
however, was that the analytic approach did not take the different
durations of follow-up into consideration, and therefore, the es-
timated predictive values were not adjusted for the number of
person-years of follow-up.

In a meta-analysis by Rangaka and colleagues (106), the prog-
nostic ability of the IGRAs was summarized in the form of inci-
dence rates and risk ratios for the longitudinal studies included in
the review. Fifteen studies with a combined sample size of 26,680
participants were included in this analysis (107–121). The inci-
dence of active TB during a median follow-up of 3 years was 2 to
24 per 1,000 person-years for IGRA-negative individuals (Fig. 5).
For IGRA-positive individuals, the TB incidence was 4 to 48 cases
per 1,000 person-years (106), suggesting that a majority of IGRA-
positive individuals did not progress to TB disease during follow-
up. This is similar to the historic data on TST (14).

Compared with negative test results, IGRA-positive and TST-
positive results were much the same with regard to risk of TB
development (the pooled incidence rate ratio [IRR] in the five
studies that used both was 2.11 [95% CI, 1.29 to 3.46] for IGRA
versus 1.60 [95% CI, 0.94 to 2.72] for TST at the 10-mm cutoff).
However, the proportion of IGRA-positive individuals in 7 of 11
studies that assessed both IGRAs and TST was generally lower
than that of TST-positive individuals (106). The authors con-
cluded that neither IGRAs nor the TST have high accuracy for the
prediction of active TB, although the use of IGRAs in some pop-
ulations might reduce the number of people considered for pre-
ventive treatment (106).

Since the publication of the aforementioned review, five new
longitudinal studies have been published (122–126). Table 3 pres-
ents the characteristics of all 20 longitudinal studies. Among
IGRA-positive individuals, incidence rates ranged from 3.7 to 84.5
per 1,000 person-years of follow-up, while they ranged from 2.0 to
32.0 per 1,000 person-years for IGRA-negative individuals. The
highest incidence rates, among both IGRA-positive and IGRA-
negative individuals, were found in studies that followed immu-
nocompromised subjects, such as HIV-infected mothers, HIV-
exposed infants, or men with silicosis.

Three studies specifically assessed the prognostic value of the
IGRAs in an exclusively HIV-positive cohort (110, 118, 125). Two
studies without possible incorporation bias (where IGRAs were
not used to make a final diagnosis of active TB) and differential
work-up bias (where IGRA-positive individuals were not investi-
gated more intensively for active TB than IGRA-negative individ-
uals) (118, 125) found risk ratios of 2.69 (95% CI, 0.69 to 10.52)
and 3.32 (95% CI, 1.09 to 10.08), respectively, meaning that indi-
viduals with a positive IGRA result had around a 3-fold-increased
risk of progression to TB disease during the follow-up period of
the study compared to individuals with a negative IGRA result.
Although the rate of disease progression after a presumed TB in-
fection is increased in HIV-infected individuals, there are cur-
rently no data that suggest that the predictive value of the IGRAs is
better or worse in this subpopulation than in others.

While most longitudinal studies have assessed the predictive
value of a single, cross-sectional IGRA result, only a single study
has evaluated the predictive value of an IGRA conversion (127).
This study found that recent QFT conversion was indicative of an
approximately 8-fold higher risk of progression to TB disease
(compared to nonconverters) within 2 years of conversion in a
cohort of adolescents in South Africa. However, even among QFT
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converters, the overall risk of TB disease was low (1.46 cases per
100 person-years) (127). Although evidence is limited, this study
does suggest that an IGRA conversion (which may indicate recent
infection) may be more predictive than a single positive IGRA
result.

Overall, the currently available data show that the predictive
value of IGRAs for progression to TB disease is low and slightly but
not significantly higher than that of the TST. The data suggest that
a majority (�95%) of those with positive IGRA or TST results do
not progress to TB disease during follow-up.

Why do existing LTBI tests have poor predictive value for ac-
tive TB? There may be several reasons. First of all, the overall risk
of progression from LTBI to active TB—in the absence of recent
infection or severe immunosuppression—is low (�5% lifetime
risk in healthy populations); thus, even a perfectly accurate test for
LTBI would have a low predictive value for progression to active
TB. Second, while IGRAs (and TST) are generally evaluated ac-
cording to their ability to predict future active TB, their true aim is
to identify individuals who would benefit from preventive ther-
apy. Since future active TB is a combination of both reinfection
events (arguably not amenable to preventive therapy) and reacti-
vation events, and since LTBI may confer some protective immu-
nity against repeat infection (128), the ability of IGRAs to predict
future active TB may misrepresent their ability to identify those
who would benefit from preventive therapy. Third, IGRAs are im-
mune-mediated tests, and the same immune system is responsible for
yielding a positive IGRA result as well as preventing progression to
active TB disease; as such, individuals with false-negative IGRAs
may be the very individuals (e.g., highly immunosuppressed) at
greatest risk of reactivation. Fourth, the sensitivity and specificity
of IGRAs are imperfect and dependent on only a few antigens, and

antigens expressed by M. tuberculosis during latency may not be
those expressed during active replication (2, 129).

As a consequence of all the above factors, the IFN-� response,
although important, is probably insufficient to resolve the various
phases of the latent TB “spectrum” as illustrated in the framework
proposed by Barry and colleagues (reproduced in Fig. 1) (2).
Among the stages shown in the figure, both TST and IGRAs are
likely to be positive in all stages, with the possible exception of the
innate immune response stage (i.e., exposed to TB but negative on
both tests) (3, 88).

For all these reasons, both TST and IGRAs are generally unable
to select out the phenotypes that are most likely to benefit from
LTBI treatment (88, 130). This is underscored by the observed low
rates of progression to disease even in IGRA- and TST-positive
individuals (106). A more predictive LTBI test or strategy will
greatly help to target only those who will benefit from LTBI treat-
ment.

COST-EFFECTIVENESS

A systematic review of cost-effectiveness analyses (CEA) was con-
ducted by Nienhaus and colleagues (131). Cost and cost differ-
ences between studies were not fully investigated, as the authors
did not adjust or inflate to a common currency to permit compar-
isons. The study conclusions regarding cost-effectiveness were,
however, compared for 7 available CEA studies. The authors con-
cluded that in 6/7 studies, IGRA (as a dual-step strategy following
TST or IGRA only) was reported as more cost-effective than TST
only. However, the authors also state that comparison of the stud-
ies was hampered by several methodologic problems, including
differences in assumed costs, test parameters, strategies modeled,
and outcomes evaluated. They concluded that until some of these

FIG 5 Unadjusted incidence rates for development of active tuberculosis in the short term (median follow-up of 3 years), stratified by IGRA result. Incidence rate
estimates are per 1,000 person-years of follow-up, stratified by IGRA result at baseline. Table 3 provides details for each of the studies. (Reproduced from
reference 106 with permission from Elsevier.)
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issues are addressed, recommendations regarding the cost-effec-
tiveness of IGRAs should be interpreted with caution (131).

Oxlade and colleagues also systematically reviewed the CEA
literature (132). They too reported substantial variability in the
choice of test characteristics, parameters, and cost estimates used
in models. When the IGRA and TST strategies were compared by

using a common decision analysis model created by Oxlade and
colleagues, predicted costs and effectiveness largely overlapped,
emphasizing the difficulty in drawing conclusions about the cost-
effectiveness of IGRAs (132). Both systematic reviews ended with
recommendations for conducting cost-effectiveness analyses on
IGRAs that should improve economic studies to evaluate diagnos-

TABLE 4 Comparison of TST and IGRAa

Characteristic

Comments

TST IGRA

Potential advantages
or benefits

Simple, low-tech test Requires fewer visits than TST for test completion (follow-up
visits will be needed for both tests for IPT initiation)

Can be done without a laboratory Potential for boosting test response eliminated
No equipment necessary Results can be available within 24 to 48 h (but are likely to

take longer if done in batches)
Can be done by a trained health care worker even in remote locations Does not have cross-reactivity with BCG
Effect of BCG on TST results is minimal if vaccination is given at

birth and not repeated
Has less cross-reactivity than TST with nontuberculous

mycobacteria, though data are limited for low- and
middle-income countriesLongitudinal studies have demonstrated its predictive value, and

systematic reviews of randomized trials show that isoniazid
preventive therapy (IPT) is highly effective in those who are TST
positive

Risks or undesired
effects

May give false-negative reactions due to infections, live virus vaccines,
and other factors

Requires a blood draw (which may be challenging in some
populations, including young children)

May give false-positive results because of BCG vaccination and
nontuberculous mycobacteria

Risk of exposure to blood-borne pathogens

Requires an intradermal injection Risk of adverse events with IGRA may be reduced compared
to that with TST

Can rarely cause adverse reactions (acute reactions, skin blistering,
and ulceration)

Interpretation of serial IGRAs is complicated by frequent
conversions and reversions and a lack of consensus on
optimal thresholds

Interpretation of serial TST is complicated by boosting, conversions,
and reversions

Reproducibility is affected by several preanalytical and
analytical factors as well as manufacturing defects

Interpretation is affected by inter- and intrareader variation
Requires 48 to 72 h for a valid result

Values and
preferences

Patients may prefer to avoid visible skin reaction to TST Patients may prefer to avoid blood draw (for cultural or
technical reasons)

Patients may prefer not to come back for repeat visit for reading the
test result

Patients with prior BCG may not trust TST results and prefer
IGRA

Patients with prior BCG may not trust TST results and may be
reluctant to accept IPT

Patients may self-read their TST results erroneously

Resource
implications

Less expensive than IGRAs (reagent cost is substantially less than
IGRA kit costs), but personnel time costs will have to be factored,
along with time and cost for 2 patient visits

Need to establish well-equipped laboratory, with electricity,
that can perform ELISA or ELISPOT assay

No laboratory required Need to procure equipment and supplies for IGRA
performance and quality assurance (IGRA reagents cost
more than TST reagents)

Need to establish a program with trained staff to administer and read
TST results

Need for staff training, including blood-borne pathogen
training

Staff training is needed to minimize reading errors and variability
(underreading, within- and between-reader variability, digit
preference, etc.)

Need for cold chain for transport of kits and reagents and for
their storage

PPD must be stored at optimal temperatures Need for careful handling (e.g., tube shaking) and processing
of blood samples (incubation of samples within a specific
time window) to ensure reproducibility of tests

Only standardized PPD must be used Availability of well-trained staff or staff to be trained
High likelihood of false-positive conversions during serial

testing
a Adapted from reference 137 with permission of the publisher (copyright 2012 Karger Publishers, Basel, Switzerland).
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tic strategies for LTBI and increase their value for informing indi-
vidual and public health decisions (131, 132).

GUIDELINES AND POLICY STATEMENTS

Recently, Denkinger and colleagues summarized a number of
guidelines or recommendations on the use of IGRAs (133). The
recommendations in these guidelines were found to vary substan-
tially, particularly for indications where there are limited data
(e.g., children younger than 5 years of age and patients on TNF-�
inhibitors). The data suggest that IGRAs are increasingly being
recommended, primarily in low-incidence settings, as they confer
a higher specificity combined with logistical advantages. In con-
trast, TST is still favored in high-incidence and low-resource set-
tings. In low-incidence countries, especially the United States and
Canada, the use of IGRAs has increased substantially over the last
5 years. The most recent, revised U.S. and Canadian IGRA guide-
lines were published in 2010 and 2013, respectively (134, 135).

CONCLUSIONS

Both TST and IGRAs are acceptable but imperfect LTBI tests, with
advantages and disadvantages (Table 4). IGRAs offer some im-
provements over the TST, but the improvement, as noted by oth-
ers, is incremental rather than transformational (136). There are
situations where neither test is appropriate (e.g., active TB diag-
nosis in adults) and situations where both tests may be necessary
to detect M. tuberculosis infection (e.g., immunocompromised
populations), and there are situations where one test may be pref-
erable to another. For example, IGRAs may be preferable to the
TST in populations where BCG is given after infancy or given
multiple times. In contrast, TST may be preferable to the IGRAs
for serial testing of health care workers. Both TST and IGRAs have
reproducibility challenges, and dichotomous cutoffs are inade-
quate for interpretation.

The primary goal of IGRAs is to identify those who will benefit
from LTBI therapy. Unfortunately, IGRAs (and TST) are limited
in this regard, for reasons including the low absolute risk of pro-
gression to disease, inability to distinguish reactivation from rein-
fection, reduced accuracy in immunocompromised patients, and
inability to discriminate the various stages within the spectrum of
LTBI (2, 88). To maximize the positive predictive value of existing
LTBI tests, LTBI screening should be reserved only for those who
are at sufficiently high risk of progressing to disease. Such high-
risk individuals may be identifiable by using multivariable risk
prediction models that incorporate risk factors (e.g., the Online
TST/IGRA Interpreter [www.tstin3d.com]) (10) and by using se-
rial testing to resolve underlying phenotypes. In the longer term,
highly predictive biomarkers need to be identified. This is an ac-
tive area of research (93, 129), and future generations of LTBI tests
should overcome the limitations of current assays.
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