


Diagnosis of tuberculosis:
principles and practice of
using interferon-y release

assays (IGRAs)

Educational aims

)  To provide an overview of T-cell interferony release assays (IGRAs) used for detection of

tuberculosis (TB) infection.

) Tooutline how these tests can be used in clinical practice for the assessment of latent TB

infection (LTBI) and active TB.

Summary

One in three people worldwide are infected with Mycobacterium tuberculosis; the vast
majority have latent infection. Tracking this latent reservoir is the comerstone of TB control
and prevention in the developed world [1]. But standard tools for diagnosis and preven-
tion are more than 100 years old and inadequate to control the global TB epidemic [2].
However, the last decade has witnessed a major advance in the diagnosis of M. tubercu-
losis infection [3-5]. T-cell IGRAs are the first practical output of a decade of reinvigorated
basic science research into TB and are now revolutionising diagnosis and screening of LTBI.

The tuberculin skin
test

The pathway from M. tuberculosis exposure
to disease is a multistep process that partly
depends on the body's own immune defences.
Tubercle bacilli may cause disease immediately
or lay dormant for decades. Only 5-10% of
infected individuals go on to develop active
disease and the immune mechanisms under
lying these disparate outcomes are poorly
understood.

Diagnosis of LTBI has hitherto been
defined as a positive tuberculin skin test (TST)
in an asymptomatic person exposed to TB
with no clinical/radiographic signs of active
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disease. LTBI induces a strong celkmediated
immune response, a fact exploited by the TST,
which measures the delayed-type hypersensitiv-
ity response to intradermal inoculation of tuber-
culin purified protein derivative (PPD), a crude
mixture of >200 M. tuberculosis proteins.

Diagnosis and treatment of LTBI is a corner
stone of TB control in low prevalence countries
and targets those groups who are at increased
risk of progression to TB disease by virtue of
weakened or immature cellular immunity, as
well as recent TB contacts.

The TST has several drawbacks, primarily
its poor specificity in bacille Calmette-Guérin
(BCC) vaccinated individuals, due to cross-
reactivity of PPD antigens between BCG and
M. tuberculosis. The TST has poor sensitivity in
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patient groups with the highest risk of progression
to TB, who are specifically targeted for diagnosis
and preventative treatment of latent TB, /.e. those
with suppressed or immature cellular immunity,
e.g. those with HIV infection, iatrogenic immuno-
suppression, or young children. Finally, there are
logistical difficulties in that it requires a trained
health professional to perform the test and a
repeat consultation for reading of the result.

The very low bacterial burden in LTBI makes it
impossible to directly detect M. tuberculosis and
the weak humoral response makes serological
testing unreliable. However, M. tuberculosis infec-
tion evokes a strong T-ell response dominated
by Thelper cell type 1 (Th1) CD4 Tells which
secrete interferon (IFN)-y.

IGRA

Advances in mycobacterial genomics in the
1990s resulted in the identification of a genetic
segment (region of difference (RD)1) that is
deleted from all strains of BCG and most environ-
mental mycobacteria [6]. Of the nine RD1 open
reading frames, Rv3875 (early secretory antigenic
target (ESAT)6) and Rv3874 (culture filtrate pro-
tein (CFP}10) were the first to be studied and

are strong targets of Th1 cells in M. tuberculosis
infection.

We hypothesised that a Tell response to
these antigens could serve as a highly specific
and sensitive marker of infection which would
bypass the problem of false-positive TST results in
individuals with BCG vaccination.

The rapid ex vivo enzyme-linked immunospot
(ELISpot) assay developed by Lalvani enumerates
individual antigenspecific T-cells that secrete
IFN-y, which appear as dark spots, where each
spot is the ‘footprint” of an individual T-cell spe-
cific for M. tuberculosis [4]. Spots are counted
using a magnifying lens or automated reader.

The whole-blood IFN-y ELISA, modified from
an assay originally developed for diagnosing
bovine TB in cattle, measures the concentration
of IFN+y in the supernatant of a diluted whole-
blood sample after incubation with the same
antigens for 24 h. The ELISA initially used PPD,
which was then replaced with ESAT-6 and CFP-10
in the ELISpot [7-9]. A third antigen (TB7.7 from
RD11) has been recently incorporated and the
format simplified with antigens coated onto the
inner aspect of blood collection tubes enabling
T-cell stimulation to happen within these tubes.

Both assays exploit the fact that Tells from
people infected with M. tuberculosis become

Figure 1

M. tuberculosis-infected macro-
phages in tuberculous granulomas
induce myriad T-cell populations
including (D4+ T-cells (the most
dominant of the induced T-cells)
which produce IFN-y, but also (D8
T-cells, regulatory T-cells, (DI-
restricted T-cells, natural killer cells
and /8 T-cells.
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sensitised to ESAT-6 or CFP-10 in vivo and release
[FN-<y when they reencounter the same antigens
ex vivo.

Both assays are commercially available as
qualitycontrolled, regulatory-approved diagnos-
tic test kits. The ELISpot is available as TSPOT.TB
(Oxford Immunotec Ltd, Abingdon, UK) and the
ELISA as QuantiferonTB Cold Intube (Cellestis
Inc, Carnegie, Australia). Both IGRAs have simi-
larities (e.g. both need to be processed within 8 h
of taking a blood sample), as well as differences
(e.g. ELISpot requires separation of white blood
cells, which ensures a fixed number in the assay
but is technically more complex to process).
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From bench to bedside:
validation of the
scientific hypothesis

The high diagnostic sensitivity and specificity of
IGRAs was initially tested in patients with culture-
confirmed active TB and early studies established
that the assays are not confounded by prior BCC-
vaccination or by nonTB illnesses that clinically
mimic TB, including diseases involving immune
activation. However, the lack of gold standard
reference testing for LTBI makes it impossible to
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a) TST (purified protein derivative) is injected intradermally and the delayed-type hypersensitivity response is meas-
ured at 72 h. b) ELISpot uses mononuclear cells (including T-cells); separated from blood by density centrifugation and
washed, counted, and incubated with ESAT-6 and CFP-10 in a 96-well microtitre plate for 16-20 h. In M. tuberculosis
infection, T-cells recognise these antigens and secrete IFN-y which is captured in the immediate vicinity by antibodies
specific for IFN-y coated on the bottom of each well. The cytokine-bound antibodies are detected with another antibody
conjugated to an enzyme that catalyses a colorimetric reaction, which results in visible spots, where each spot represents
the footprint of one T-cell that responded to the antigens. Spots are counted, and the frequency of M. tuberculosis-
specific T-cells is quantified. c) ELISA uses whole blood incubated with ESAT-6, CFP-10 and TB7.7 in a tube for 16-24 h.
In M. tuberculosis infection, T-cells recognise these antigens and secrete IFN-y. The tube is centrifuged and the plasma
transferred to a 96-well microtitre plate. IFN-y in the plasma is captured by antibodies specific for IFN-y coated on the
bottom of each well. The cytokine-bound antibodies subsequently are detected by another antibody conjugated to an
enzyme that catalyses a colorimetric reaction. The optical density of each well is measured, and the concentration of
IFN-y is determined using a standard curve.
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directly to quantify the diagnostic sensitivity and
specificity of IGRAs in latent infection.

However, airborne transmission of M. tuber-
culosis is promoted by duration and proximity
of contact with an infectious case, and the key
determinant of infection is the amount of time
spent sharing room air with an index case. We
therefore postulated that if IGRAs are more sensi-
tive and specific than TST, they should correlate
more closely with the level of exposure to M.
tuberculosis and should be independent of BCG
vaccination status.

This postulate was originally tested and con-
firmed for ELISpot in a series of contacttracing
investigations and institutional outbreaks in
2001-2005 [10-12], notably in a UK school
outbreak in which TB exposure of 535 students
was precisely quantified based on the number
of classes students shared with the source case.
ELISpot correlated significantly more closely with
exposure to M. tuberculosis than TST on these
measures of exposure. Further outbreak investiga-
tions with both IGRA platforms around the world
subsequently confirmed these findings [13-15].
These and other studies have confirmed the very
high specificity of both assays, which is close to
100%.

ELISpot performs well in patients co-infected
with HIV (published data in this population is
less extensive with ELISA) and, unlike the TST, it is
robust in individuals with low CD4 counts [16]. In
young children, ELISpot seems to have higher sen-
sitivity than the TST, while ELISA may have similar
sensitivity [17]. In this population, ELISpot results
appear to be unaffected by HIV infection, mal
nutrition and age under 3 years [18]; however,
published studies in children provide conflicting
results on test performance and there is as yet no
clear consensus [19, 20].

The high sensitivity of IGRAs in young chil
dren and immunosuppressed populations (e.g.
iatrogenically suppressed patients with rheumatic
disorders before initiating antitumour necrosis
factor therapy [21]) allows more accurate target
ing of latently infected people at the highest risk
of progression. Indeterminate results are more
common with ELISA and are associated with
immunosuppression, young age and old age,
whereas indeterminate results with ELISpot are
rare in all risk groups [22].

While crosssectional studies are a key evi-
dence base supporting the notion that positive
IGRA results reflect LTBI, they do not indicate
whether TB contacts with positive IGRA results
are at risk of progression to TB disease. Without
longitudinal clinical outcomes, we cannot know
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Figure 3

Negative TST and IGRA indicates no infection. Positive TST
and IGRA indicates LTBL. #: With strong evidence for LTBI
(e.g. >25 mm TST, ulcerating Mantoux, calcified lesions
on chest radiographs), the possibility of false-negative
IGRA must be considered. 9: A positive TST/IGRA must be
evaluated carefully in immunocompromised patients in
whom any positive TB test is significant. *: Dual negative
TST and IGRA results normally indicate the exclusion of TB
infection but negative results should be evaluated care-
fully in immunocompromised patients. ¢: Risk of active TB
development in this group is not yet known. Longitudinal
contact studies have defined a group of TST-negative
individuals with transiently positive IGRAs, raising the
possibility that some TST-negative contacts acquire and
spontaneously clear transient M. tuberculosis infection.
Red arrow: NICE guidance.

whether IGRA-positive contacts actually stand to
benefit from preventive treatment.

Recently, key studies correlating baseline
IGRA results with clinical outcomes over 2 years'
follow-up have been published for both IGRA
formats, and each indicates that positive IGRA
results in recent contacts have prognostic value
for subsequent development of TB. These stud-
ies included children [23] and HIV-infected [24]
subjects as well as immunocompetent adults
[25].

The confirmation of the greater prognos-
tic power of IGRAs compared with the TST will
require further larger longitudinal studies but it is
already clear that when using a lower threshold
of 5 mm to determine a positive TST response,
the resulting lower TST specificity means that sig-
nificantly more contacts would need to be given
chemoprophylaxis on the basis of positive TST
results than on the basis of a positive IGRA to
prevent a similar number of incident TB cases.



Clinical utility of IGRAs

inactive TB

IGRAs are tests of infection, rather than disease,
and cannot therefore distinguish between latent
infection and active TB. However, since infection
with M. tuberculosis is a prerequisite for active
TB, a negative test result might in theory rapidly
exclude TB from the differential diagnosis. Multi-
ple studies of the accuracy of IGRAs in active TB
have used cultureconfirmed disease or clinically
highly probable cases (e.g. those that are culture
negative but respond to antiTB therapy) as a
gold standard.

Both IGRAs have been shown to have higher
sensitivity than the TST, while ELISpot is signifi-
cantly more sensitive than ELISA [26]. However,
neither of the currently commercially available
IGRAs have a high enough sensitivity to be used
as a stand-alone rule-out test [27].

The largest study of the potential role of
IGRAs in active TB compared the TST, ELISpot
and the nextgeneration ELISpot™ assay (incor
porating a third RD1-encoded antigen, Rv3879c¢)
[28]. Diagnostic sensitivity was significantly
higher for ELISpot™ than for ELISpot and, when
used with the TST, ELISpot™* gave a combined
diagnostic sensitivity of 99%, so dual negative
results enabled rapid exclusion of active TB even
in patients with moderateto-high pretest prob-
ability of disease.

Conversely, a dual positive TST and IGRA
can help guide decisions about immediate man-
agement in patients with severe disease prior
to culture confirmation and in patients with
extrapulmonary disease, for whom culture is fre-
quently negative. When used to support a diag-
nosis of active TB, both the TST and IGRA results
should be interpreted as part of the overall clini-
cal context.

In situ analysis of disease with ELISpot is
sensitive and specific in pleural fluid in tubercu-
lous pleuritis [29, 30], bronchoalveolar lavage in
smearnegative pulmonary TB [31], and cerebro-
spinal fluid in TB meningitis [32]. However, the
evidencebase is preliminary and use of IGRAs in
site of disease samples lacks regulatory approval.

Incorporation of IGRAs as pivotal
tools in TB control policy

Accurate diagnosis of LTBI in contacts from
an infectious source will lessen the number of
people inappropriately treated on the basis of
false-positive TST results caused by prior BCG
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vaccination and IGRAs are now integrated into
many national guidelines for the diagnosis of
LTBI but recommendations differ between con-
tinents. In Europe, most countries have followed
the recommendations of the UK National Insti-
tute for Health and Clinical Excellence in using
IGRASs to confirm LTBI in those with a positive TST
and in individuals in whom the TST is considered
unreliable (e.g. those with suppressed cellular
immunity [33]), thereby enabling more reliable
detection of LTBI in immunosuppressed patients.
IGRAs are more expensive than the TST, due
to the cost of test kits and the need for specialist
laboratory processing, but health-economic anal-
ysis has consistently shown that they become
cost effective for the diagnosis and treatment
of LTBI when incorporated into programmes to
control TB, by reducing the costs associated with
unnecessary chemoprophylaxis and morbidity in
contacts with false-positive TST results [34, 35].

Recent developments
and future directions

In addition to further immunogenic but highly
specific M. tuberculosis antigens (such as
Rv3879c in the ELISpot™> and Rv2645 in the
latest version of the intube ELISA (Quantiferon-
TB Gold Intube), measurement of additional
downstream chemokines and cytokines induced
by [FN+y (e.g. IFN<y inducible protein-10) increases
diagnostic sensitivity while maintaining high
specificity [36].

CD4+ effector Tcells measured by the assays
are in dynamic equilibrium with M. tuberculo-
sis antigen load in vivo but, while the ELISpot
response has been shown to decrease in general
with treatment of active TB, the rate of decline is
highly variable and only a minority are negative
by the end of treatment. The result of an IGRA
cannot, therefore, be accurately interpreted in
patients who have previously been treated for
active TB or LTBI.
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Figure 4

Positive TST and IGRA results may
help with early initiation of pre-
sumptive treatment prior to culture
confirmation and in those with
extrapulmonary disease, for whom
culture is frequently negative. Dis-
cordant results do not contribute
to the diagnostic work up. Negative
TST/IGRA results can be used as a
‘rule-out test’ to reliably exclude
active TB with high negative pre-
dictive value. *: A positive TSI/
IGRA must be evaluated carefully
in immunocompromised patients
in whom any positive TB test is sig-
nificant. 9: Dual negative TST/IGRA
results normally indicate the exclu-
sion of active TB but negative results
should be evaluated carefully in
immunocompromised patients.
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Although current IGRAs cannot be used to
monitor treatment of LTBI and active TB disease,
incorporation of additional cytokines raises the
possibility of monitoring treatment response
and cure [37]. Simultaneous measurement of
secretion of interleukin (IL)}-2 and IFN+y by M.
tuberculosisspecific Tcells reveals T-cell cytokine
profiles (defined as the relative proportions of
antigen-sspecific T-cells secreting IFN-y only, [FN-y
and 11:2 or IL:2 only) that correlate with bacte-
rial and antigen load as well as with treatment

response [38].

The current generation of commercially avail-
able IGRAs, while a 100year update of the TST, is
in reality an evolving work in progress that builds
on our state of knowledge from the 1990s. The
next generation of Tell assays will incorporate
more antigens and measure multiple cytokines
and they promise to provide enhanced diagnos-
tic sensitivity and more useful information about
in vivo bacterial burden and clinical status than
existing assays based only on IFN-y.
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