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Review

New tools and emerging
technologies for the diagnosis
of tuberculosis: Part I.

Latent tuberculosis
Madhukar Pai®, Shriprakash Kalantri and Keertan Dheda

Nearly a third of the world’s population is estimated to be infected with Mycobacterium

(st boitiistolini sty ipandio

urdle for global
n'the tuberculin

skin test (TST), a century-old test with known limitations. In this review, the first of a two-part
series on new tools for TB diagnosis, recent advances in the diagnosis of LTBI are described.
The biggest advance in recent years has been the development of in vitro T-cell-based

cific to M. tuberculosis than the

E@ﬁiﬁ?@?n- ﬁ%@%@%ﬁg@@ 7%n IGRAS suggests they
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specificity than TST, better correlation with surrogate markers of exposure to

T,

T for active TB. In the absence of a gold standard for LTBI, sensitivity and

ss cross-reactivity due to BCG vaccination
S @ as the purified protein

specificity for LTBI are not well defined. Besides high specificity, other potential advantages of
IGRAs include logistical convenience, avoidance of poorly reproducible measurements, such
as skin induration, need for fewer patient visits and the ability to perform serial testing without
inducing the boosting phenomenon. Overall, due to its high specificity, IGRAs may be useful in
low-endemic, high-income settings where cross-reactivity due o BCG might adversely
impact the utility of TST. However, despite the growing evidence supporting the use of IGRAs,
several unresolved and unexplained issues remain. The review concludes by highlighting
areas where evidence is lacking, and provides an agenda for future research. Active TB and

drug resistance are discussed in Part Il; 423-432 of this issue.

Expert Rev. Mol. Diagn. 6(3), 413—422 (2006)

The WHO has estimated that approximately
one-third of the world’s population is infected
with  Mycobacterium  tuberculosis (1,21. This
enormous pool of latently infected individuals
poses a major hurdle for global tuberculosis
(TB) control. Between 8 and 9 million people
develop TB disease each year, and approxi-
mately 2 million die from TB every year [1.2].
Despite this tremendous global burden, case
detection rates continue to be low [2]. Conven-
tional TB diagnostic approaches utilize tests
such as sputum microscopy, culture, chest
radiography and tuberculin skin testing. These
tools have been in use for decades. Due to the

limitations of these tests, particularly in areas
affected by the HIV epidemic and its associ-
ated high mortality among smear-negative
cases, there is a widely felt need for more rapid,
accurate and convenient tests [3-5].

Active engagement of agencies such as the
Stop TB Working Group on New Diagnostics
(101, the Foundation for Innovative New
Diagnostics [102] and the TB Diagnostics Initi-
ative of the Special Programme for Research
and Training in Tropical Diseases (TDR),
WHO {[103], have led to renewed interest in the
development of new tools for TB diagnosis.
Similar efforts are ongoing to develop new TB
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vaccines [104] and drugs [105]. Indeed, the development of new
tools figures prominently in the Global Plan to Stop TB,
2006-2015 [6].

Some excellent recent reviews are built upon in this two-part
review [4,7-10], which describes advances and emerging techno-
logies in the diagnosis of latent infection (Part 1), and active dis-
ease and detection of drug resistance (Part 2). Since the authors’
focus is on new and emerging tools, refinements in existing
techniques, such as microscopy and cultures, are not reviewed.

Diagnostics for latent tuberculosis

Infection with M. tuberculosis, in most individuals, is contained
by the host immune defenses, and the infection remains latent.
Due to the risk of progression from latent infection to active

disease, targeted testing and treatment for latent TB infection
(LTBI) is a key component of TB control in many low-inci-
dence, high-income countries [11]. In contrast, LTBI testing and
treatment is not routinely performed in high-incidence,
resource-limited countries. Until recently, the only tool available
to detect LTBI was the tuberculin skin test (TST). Although the
TST has proved to be useful in clinical practice, it has known
limitations, including variable specificity, cross-reactivity with
BCG and nontuberculous mycobacterial (NTM) infection, and
problems with reproducibility [12,13].

Interferon-y release assays: rationale & evolution
Due to advances in molecular biology and genomics, an alter-
native has emerged for the first time in the form of a new class

-
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of in vitro assays that measure interferon
(IFN)-y released by sensitized T cells after
stimulation by M. ruberculosis antigens

(14-18]. Early versions of IFN-y release
FH] H][ { assjstH : s)o usEthpﬁl“ i d protein
ative (P D) as stimulating anti-

gen, but these tests have been replaced by
newer versions that use antigens that are
more specific to M. tuberculosis than PPD.

se antlge sdnclude early secreted anti-
[ ﬁiEgc r,eﬁge T) G, lture filtrate pro-
(CFP)-T and B7.7 (Rv2654).

1-6 an CFP 10 are encoded by genes

0O) EE;;] ted (wit 1n the region of difference
(RD)I segment of the M. tuberculosis
genome. They are more specific than PPD
because they are not shared with any of the

BCG vaccine strains or certain species of
NTM (e.g., Mycobacterium avium) [19,20].
Thus, the use of such specific antigens in

an ex vivo assay format is a distinguishing

feature of IGRAs.

Commercial interferon-y release

assay formats

Two IGRASs are now available as commercial
kits (FIGURE 1): the T-SPOT. 7B® test (Oxford
Immunotec Ltd, Oxford, UK [106]) and the
QuantiFERON®-TB GOLD (QFT-G;
Cellestis Ltd, Carnegie, Australia [107])
assay. The QFT-G assay is available in two
formats, a 24-well culture plate format
(approved by the US FDA [21]), and a
newer, simplified in-tube format (not cur-

rently FDA approved, but available in coun-
tries other than the USA ). The
T-SPOT.TB test is currently CE marked for

Figure 1. Commercially available region of difference 1-based IFN-y assays for the detection of
TB infection. Reproduced with permission from [15] © 2005, Lippincott Williams & Wilkins (MD, USA).

|U: International units; TB: Tuberculosis.

ELISA: Enzyme-linked immunosorbent assay; ELISPOT: Enzyme-linked immunospot assay; IFN: Interferon;

use in Europe, and is likely to receive FDA
approval in the future. In Canada, the
T-SPOT.TB was licensed in 2005, and the
QFT-G is likely to be licensed in early 2006.
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Summary of research evidence on

test performance

The available research evidence on IGRAs
(FIGURE 2, TABLE 1), reviewed extensively else-
where [7,14-18,21,22], suggests that assays that
use RD1 antigens have higher specificity
than TST, better correlation with surrogate
measures of exposure to M. tuberculosis in
low-incidence settings, and less cross-
reactivity due to BCG vaccination than the
TST. IGRAs that use at least two RDI1
antigens (e.g., ESAT-6 and CFP-10) appear
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vulnerable populations [21]. Besides high

specificity, other potential advantages of IGRAs include logistical
convenience, avoidance of poorly reproducible measurements
such as skin induration, need for fewer patient visits, and the
ability to perform serial testing without inducing the boosting
phenomenon. Overall, due to its high specificity, IGRAs may
be useful in low-endemic, high-income settings (i.e., countries
that usually implement targeted LTBI screening programs),
where cross-reactivity due to BCG might adversely impact the

utility of TST.

Recommendations & guidelines

In December 2005, the US Centers for Disease Control and
Prevention (CDC) [108] published their updated guidelines on
the QFT-G assay [21]. The CDC now recommends that QFT-G
may be used in all circumstances in which the TST is currently
used, including contact investigations, evaluation of immi-
grants and serial testing of healthcare workers [21]. The guide-
lines suggest that QFT-G can be used in place of (and not in
addition to) the TST p21]. The CDC also published its updated
guidelines for preventing the transmission of TB in healthcare
settings (34]. These guidelines suggest that QFT-G can be used
in place of the TST for infection control surveillance, and con-
version (i.e., new infection) has been defined as change from a
negative to a positive result [34]. The UK National Institute for
Health and Clinical Excellence (NICE) TB guidelines were

published in March 2006 (109]. This guideline recommends a
two-step (hybrid) strategy for UTBI diagnosis: initial screen
with TST, and those who are positive (or in whom TST may be
unreliable) should then be considered for IGRA testing, if
available, to confirm positive TST results.

Overall, currently available recommendations should be
viewed as interim guidelines that will need revision as new evi-
dence rapidly accumulates. For example, there are no pub-
lished studies that have used the hybrid strategy recom-
mended by NICE [109]. This approach, although reasonable, is
not presently validated. Furthermore, there is limited evidence
on the use of IGRAs in serial testing of healthcare workers [35].
The current recommendation on the use of the diagnostic
threshold for conversion [34] does not take into account the
possibility of misclassifying nonspecific IFN-y changes as true
conversions [35].

Unresolved issues & agenda for future research

The body of literature supporting the use of IGRAs is rapidly
growing  [14-18,21,22].
unexplained issues remain, and ongoing and new studies

However, several unresolved and
should help to clarify the role of these assays in various settings.
TABLE2 summarizes the major areas of uncertainty and key
research questions for future work. One area of considerable

confusion is discordance between TST and IGRA, and their

www.future-drugs.com
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Table 1. Comparison of tuberculin skin test and interferon-y release assays.

Performance and operational characteristics

Tuberculin skin test

Interferon-y release assays

Estimated sensitivity (in patients with
active tuberculosis)

Estimated specificity (in healthy individuals with

no known tuberculosis disease or exposure)
Cross-reactivity with BCG Yes
Cross-reactivity with nontuberculous mycobacteria ~ Yes

Association between test positivity and subsequent
risk of active tuberculosis during follow-up

Correlation with Mycobacterium Yes
tuberculosis exposure
Benefits of treating test positives (based on Yes

randomized controlled tnvE'[s o 7[ Uw WBU E “ jf

Reliability (reprodue|b|l|t

Boosting phenomenon

Adverse reactions Rare

Material costs ﬁ FE i_/ %EH* 7 E
Patient visits to complete testing : T;NO / k
Laboratory infrastructure required No

Time to obtain a result 2-3 days
Trained personnel required Yes

75-90% (lower in
immunocompromised populations)

70-95% (lower in BCG-vaccinated,
especially if BCG is given after infancy)

Moderate-to-strong
positive association

Eurure Drucs

Moderate and variable

Potential for conversiorHahd ‘evﬁrﬂom Fi D U ‘ TTES ?,‘D u (( E (( E

75-95% (inadequate data in
immunocompromised populations,
but appears promising)

90-100% (maintained in BCG vaccinated)

Less likely
Less likely, but limited evidence

Insufficient evidence

Yes (correlated better with exposure than
tuberculin skin test in some, but not all,
head-to-head comparisons)

Litg]
Limited evidence, but appears high; no

evidence on within-subject variability during
serial testing

No evidence

Isitriprtion
‘EBU E Uﬁfgtetﬂhgh

1-2 days, but longer if run as batches

Yes

Adapted with permission from references [10,16].

interpretation. Several studies have demonstrated discordance
between TST and IGRA results; concordance estimates have
ranged between 60-90% in most studies. While some discord-
ance, especially the type where TST is positive but IGRA is
negative, was probably due to prior BCG vaccination in certain
studies [25,36,37], other studies found no clear explanations for
discordance [38,39]. Research is needed to determine the biological
basis for discordance, especially when discordance is extreme.
For example, a recent study from South Africa found that,
among those with large TST reactions (=15 mm, and, there-
fore, high likelihood of infection), approximately one-third
were negative by the QFT-G in-tube assay (39]. In a study from
India, 11% of individuals with TST at least 15 mm were nega-
tive by the QFT-G in-tube assay (38]. While such discordance
could be due to false-positive TST, it is plausible that IGRAs
are less sensitive than TST in detecting LTBI, or IGRAs may
detect only a subset of all those with LTBI (i.e., those with
recent, persistent infection versus remote infection that has
been cleared spontaneously or after treatment).

Discordance of the reverse type (i.e., TST negative, but IGRA
positive) has also been documented, but is largely unexplained
(38,40-42].
analyses of correlates of discordance, including a description of
discordance due to variability of TST and IFN-y values around
their thresholds (cut-points). It is important to acknowledge
that both TST and IGRA results are continuous measures, and,
therefore, thresholds are needed to interpret them as dichoto-

Therefore, future studies should perform thorough

mous (positive or negative) outcomes. At least some of the
observed discordance could be due to minor variations around
the TST and IFN-y thresholds.

The association between surrogate markers for TB exposure
and IGRA results appears to be stronger and better defined in
low TB incidence [36,37.41-44] than high-incidence settings (38.40].
The basis for this phenomenon is unclear. Variations in BCG
vaccination practices might be a relevant factor. Also, in high-
incidence settings, it is possible that IGRAs detect recent (effec-
tor) as well as remote (memory) T-cell responses. Furthermore,
in such settings, there are several factors that might modulate

416
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Table 2. A research agenda for future work on interferon-y release assays .

No. Research question

Basic science and assay-related developments

1 To what extent does a positive IGRA result suggest previous (remote) infection (either cleared or still active) versus recent active
infection? What type of T-cell responses are detected by IGRAs: effector or memory T-cell responses?

2 Can the addition of new TB-specific antigens help increase the sensitivity of IGRAs, without compromising their
high specificity?

3 Can the identification of novel antigens or markers enable IGRAs to distinguish between LTBI and active disease?
4 What is the biological basis for discordance between TST and IGRA results?

5 After exposure to Mycobacterium tuberculosis, how long does it take for the IGRA test to become positive? How soon after TB exposure
can the IGRA detect latent infection?

6 In head-to-head comparisons, what is the difference in performance characteristics of the commercial IGRAs?

7 Can IGRA technology be simplified? For example testing with smaller quantities of blood (e.g., fingerstick) and lateral flow or

Trstawrialnt e Eutire Nrias | edl

a0
Test performanceun high- nsk and poorly studied groups

8 What is the accuracy and reliability of IGRAs in the diagnosis of active and LTBI in children?

9 What is the accuracy and reliability of IGRAs in the diagnosis of active and LTBI in individuals with HIV infection?

10 Are IGRAs ﬁ{é\regkeﬂ G@ﬁﬁcﬂ tqzr inate feﬂ S|in I@IVIQP Zt ith H ﬁq? Is hg association between degree of
immunosuppressio &EE ﬁ;f an antigen éACIﬂ cellr ﬁmsﬁs Ef ﬂ H ’H ﬁcu

11 What is the accuracy and r I|t f IG n the di nqs of acti l i dﬁwduals immunosuppressive therapies
(eg tumor necrosis factor T' ) ‘, e N

12 What is the accuracy and reliability of IGRAs in”t/he diagnosis of extrapulmonary TB? Are T-cell assays likely to be less accurate in
paucibacillary forms of extrapulmonary TB?

13 In close contacts of active TB, do IGRAs have a stronger correlation with surrogate markers of exposure than TST?
14 What is the impact of nontuberculous mycobacterial infections on IGRA performance?

15 What is the impact of leprosy infection on IGRA performance?

Reproducibility and serial testing

16 What is amount of test-related variability in T-cell responses? For example, variations in IFN-y due to variability of factors such as
operators, laboratories, sample processing interval, incubation times, antigens (proteins vs peptides) and assay formats (enzyme-linked
immunosorbent assay vs enzyme-linked immunospot assay)

17 What is the amount of random, biological variability of IFN-y responses over time within the same individuals, including day-to-day,
week-to-week and month-to-month variability of IFN-y levels in the absence of TB exposure?

18 For serial testing of healthcare workers with IGRAs, which threshold for IFN-y (cut-point) is optimal for distinguishing between true
infection (i.e., conversion) and nonspecific, random variation?

19 Among healthcare workers screened with serial TST and IGRA, what is the concordance between IGRA and TST conversions?

20 How should a IGRA reversion be defined? How commonly do reversions occur? What is the clinical/epidemiological significance
of reversions? What factors are associated with IGRA reversions, including treatment, baseline IFN-y levels and variability around
cut-points?

21 What is the effect of a TST on subsequent IGRA results?

22 When discordance between TST and IGRA occurs, what proportion of the overall discordance is due to variations around TST and IGRA
cut-points? When discordant cases are re-tested, what proportion become concordant?

IFN: Interferon; IGRA: Interferon-y release assay; LTBI: Latent tuberculosis infection; TB: Tuberculosis; TST: Tuberculin skin test.

www.future-drugs.com 47



Pai, Kalantri & Dheda

-

Table 2. A research agenda for future work on interferon-y release assays (cont.).

No. Research question

Risk prediction and modeling

active disease?

IGRA and TST in various populations?

determining IGRA accuracy and prevalence of LTBI?

23 What s the accuracy and role of IGRAs as a rule-out test for active TB? What is the negative predictive value of IGRAs for

24 What is the incidence of active disease in those with positive and negative IGRA results?

25  Whatis the importance and predictive value of absolute IFN-y responses? Within IGRA-positive individuals, are individuals with stronger
IFN-y responses more or less likely to progress to active disease?

26 In the absence of a gold standard for LTBI, what is the role of mathematic modeling approaches to derive appropriate cut-points for

27  Inthe absence of a gold standard for LTBI, what is the role of Bayesian modeling approaches (e.g., latent class and mixture models) to

Issues relating to treatment

mﬂuence ~variability in responsesafter eatrﬁnt7

29 Howdo T cell respfgrses chaE &urfﬂ rﬂ:l

characteristics, infl

32 Whatisthe abilit&o f’;ﬁlﬁd&i& ﬁeﬂ Ctio aftertr
treatment, and b ter exp ure-do

ﬁnt
isin

28  How do T-cell responses change during and after treatment for LTBI? What factors, including host, disease and assay characteristics,
ot LT RADELD)S . L)

ter treai{rien%rl g:t&é g@ﬂlﬂbffa?tor ' 'nelJ:diﬂ;‘;lo‘,s‘t,ﬂisea?SE andassay . |

ence varlab|l|ty in responses after treatment? o

30 Do IGRAs have a role in monitoring response to latent and active TB treatment?

31 Will treatment of IGRA- positive subjects reduce the incidence of active disease?

tsbf: rﬁ negative after
rigina ction?

jor bota
icate-

di aEe? HﬂG

BI andjl'
fectio tenceof the

Epidemiologic applications

hrom,

then confirm positive results with the more specific IGRA?

T-cell-based assays?

33 CanIGRAs be used in populatlon sbNgysHo estlan‘aH annual hsk oh‘_TB mffeH dd E_Hi p I‘e‘rneeT;f‘L‘TElJ in the community?

34 What is the accuracy and utility of screening strateg|es that use combinations of TST and IGRAs: for example, first screen with the TST,

35  How does IGRA performance vary between high and low TB incidence settings?

36 In tropical, high-burden settings, what is the impact of immune-modulating factors, such as malnutrition, BCG vaccination,
nontuberculous mycobacterial exposure, Mycobacterium bovis and Mycobacterium leprae exposure and helminthic infections, on

37  Invaccine trials, can IGRAs serve as correlates of protective immunity?

38 Inhigh-burden, developing countries, which patient or population subgroups are most likely to benefit from the use of IGRAs?

Operational and health systems research

investigations and serial testing of healthcare workers)?

and compliance with testing and follow-up?

39 How do IGRAs and TST compare in economic and decision analyses for various screening programs (e.g., immigrant screening, contact

40  What is the impact of switching from TST to IGRA on laboratory or clinic workload, staff workload, program costs, patient convenience

IFN: Interferon; IGRA: Interferon-y release assay; LTBI: Latent tuberculosis infection; TB: Tuberculosis; TST: Tuberculin skin test.

malnutrition, BCG vaccination, NTM
exposure, leprosy, helminths and tropical infections that
impact the T-helper (Th)1/Th2 immune balance. These issues
underscore the importance of studies from high-incidence
countries [28,30,31,35,38,40,45].

There are few studies on the performance of IGRAs in vul-
nerable subgroups, including immunocompromised individ-
uals (e.g., HIV/AIDS and those on immunosuppressive
medications, such as tumor necrosis factor-o. blockers),

immune responses:

patients with extrapulmonary TB, contacts, children and
healthcare workers. In immunocompromised individuals,
IGRAs might have a higher proportion of indeterminate
results (mostly due to lack of T-cell response to mitogen), and
this may indicate underlying anergy [46,47]. Recent studies
suggest that IGRAs may be promising in individuals with
HIV infection [30,48], contacts [36,37,41-43], children [31,45] and
healthcare workers [35,38], but this requires confirmation in

larger studies.
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For serial testing of healthcare workers, IGRAs have impor-
tant theoretical advantages: they might eliminate the need for
two-step testing at baseline, avoid boosting and may minimize
interpretational difficulties that often hamper serial TST
screening. However, there are virtually no data on the long-
term reproducibility of IGRAs, particularly within-subject vari-
ability in serial testing, where conversions and reversions can
occur [35]. Without data on longitudinal changes and biological
variability, the results of serial IGRA testing are difficult to
interpret. Preliminary data from a recent cohort study in India
suggest that IGRA conversions are strongly correlated with
TST conversions when stringent thresholds were used for both
tests; however, it is currently unclear how much IFN-y levels
must increase in order to be considered a true conversion [35].
Therefore, longitudinal studies of serial testing will be of great
interest. Such studies should perform serial TSTs concurrently,
in order to provide a baseline for comparison with changes in
IFN-y responses over time.

Anothér area

1 area of - contr s the lEdyna Fl‘ glﬂ erships
responses duting :Ed afterﬁeﬁmeﬁﬂ fok\facenr a:ﬁ DT H)a;llﬁ::}tectron

As reviewed elsewhere [14,15], some studies have demonstrated
declining responses after treatment, whereas others have shown
unchanging, fluctuating or increasing responses during treat-

ment. Therefore, it is not clear %fzthese tests can be used for

monrtorrng resp (E‘ [ﬂ' ﬁﬁ treat Varia-
perio thlrge ﬁ)tems vs p cus) d

assay formats might explain som of the dlSC

What is the role of IGRAS m d gnosr
The CDC guidelines recommend the use of the QFT-G assay
for diagnosing infection with M. tuberculosis, including both

tions in incubati

LTBI and active disease [21]. According to these guidelines, per-
sons who have positive IGRA results, regardless of symptoms or
signs, should be evaluated for TB disease before LTBI is diag-
nosed [21]. It is important to note that currently available
IGRAs cannot distinguish between active disease and LTBI,
and this may pose problems for diagnosing active disease in
countries with a high-burden of LTBI. Therefore, it is impor-
tant to interpret the results in a specific clinical context. In an
individual being investigated for suspected TB disease, a posi-
tive result may be due to active TB or irrelevant concurrent
LTBI. However, a negative IGRA result may represent a useful
rule-out test, particularly in low-incidence settings [15]. How-
ever, a negative test, particularly if there is underlying immuno-
suppression, should not preclude further investigation or treat-
ment if the clinical suspicion is high. The negative predictive
value of IGRAs for active TB requires further evaluation.

Another important unresolved issue is whether IGRAs have the
ability to identify latently infected individuals who are most likely
to progress to active disease, and, therefore, most likely to benefit
from preventive therapy. Although there are limited data, based
on one small study of an association between IFN-y response to
ESAT-6 and subsequent progression to active TB among contacts
of TB patients, the association between IGRA positivity and pro-
gression to active disease is largely unknown [49). Long-term
cohort studies are required to address this critical issue.

ncies [14,15].
%actwe grsea e’{
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Lastly, a limitation of IGRAs, particularly for high-burden,
resource-limited countries, is their higher material costs and the
need for laboratory infrastructure and trained personnel [16].
Economic evaluations are required to better delineate the role
of IGRAs in public health and routine clinical settings [22]. It is
possible that the advantages of a more convenient and specific
blood test might outweigh the higher costs (at least in some set-
tings). It is also possible that hybrid strategies that combine
TST and IGRA might be more cost effective [109].

Expert commentary & five-year view

Despite the enormous global burden of TB, case detection rates
continue to be low, compromising TB control, particularly in
areas with high HIV prevalence. Currently, TB diagnosis relies
on old tools with known limitations. The long-felt need for
new tools, including new diagnostics, vaccines and drugs, is
currently being addressed by several global health agencies,
nonprofit groups, industry, funding agencies, public—private

akl aﬁﬂi@:}le i strtutlii [déf]jlﬁ.
and ent of LTBIHs an important compo-

nent of TB control efforts in low-incidence settings. Until
recently, the TST was the only tool available to detect LTBI.
The most important breakthrough in recent years has been

the develo meat fIGRA én less than a decade, two com-

1a1 t iﬁ have been developed
hcense any co their high specificity

a l@g tlcai onvenience, IGRAs might replace the
@ old An| \sej;cted low-incidence, high-income

settings in the next 5—10 years. Research during the next few
years will help settle unresolved issues, and define the exact
role for these assays in clinical and public health settings.
Further refinement (e.g., inclusion of additional antigens to
increase sensitivity) and standardization of these commercial
assays will also likely occur, which will enhance their utility
and applicability.

At this time, the role for IGRAs in low-income, high-burden
settings is rather limited. Simplification of the test format and
reduction of costs might enhance applicability in such settings,
particularly in selected subgroups, such as HIV-infected indi-
viduals, children and other high-risk groups. Until such time,
the TST will continue to be a useful, simple, low-cost tool in
developing countries where BCG vaccination is given in
infancy [16], and thus has limited impact on TST results [12,13].

One important but neglected area of research is the develop-
ment of an improved skin test for TB that uses specific TB anti-
gens rather than PPD [19]. An improved skin test will be more
feasible and useful in countries with limited resources to imple-
ment IGRAs. Lack of interest in improving the skin test may be
due to a perceived lack of commercial viability, or due to the
fact that LTBI testing and treatment is not considered a priority
in high-burden countries. Although LTBI is not currently an
important priority for developing countries, it will become
important, at least in specific high-risk populations, because
active TB case rates decrease with the rapid expansion of global
directly observed treatment and short-course coverage.
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Key issues

e Detection and treatment of latent tuberculosis (TB) infection (LTBI) is an important component of TB control efforts in

low-incidence settings.

o Until recently, the tuberculin skin test (TST) was the only test available to detect LTBI. The TST has several known limitations.

e The biggest breakthrough for LTBI diagnosis in recent years has been the development of T-cell-based interferon-y assays (IGRAs),
which use anthens that are highly, specific to ycobactenuﬁubercu 0515

® Available research evffnce on[GHAsﬂi ﬁ;t they ha
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exposure to M. tuberculosisin low-incidence settings, and less cross-reactivity due to BCG vaccination. IGRAs also appear to be at
least as sensitive as the purified protein derivative-based TST for active TB.

® Sensitivity and specificity of IGRAs for LTBI are not well defined in the absence of a gold standard for LTBI.

® Besides high specifi |ty othen poten abadvantages of IGRAs |nc|u@e Iogq}@l con
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boosting phenomenon.

® Overall, due to its high specificity; |
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e'next 5-10 years,

® However, several unresolved and unexplained issues remaln and studies are needed to clarlfy the role of these assays in

various settings.
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