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ALTERNATIVESTO THE TUBERCULIN SKIN TEST: INTERFERON-y ASSAY S
IN THE DIAGNOSIS OF MYCOBACTERIUM TUBERCULQOSIS INFECTION

M Pai

Abstract

For nearly a century, there were no aternatives to the tuberculin skin test (TST) for diagnosing latent tubercul osis infection.
Because of advances in immunology and genomics, for the first time, an dternative has emerged in the form of T cell
based interferon-g (IFN-y) assays, a new generation of in vitro tests of cellular immunity. These assays measure cell
mediated immune response by quantifying IFN-y released by T cells in response to stimulation by Mycobacterium
tuberculosis antigens. Although early versions of IFN-y assays used purified protein derivative (PPD) as the stimulating
antigen, newer versions use antigens that are significantly more specific to M. tuberculosis. These specific antigensinclude
ESAT-6 and CFP-10. These proteins, encoded by genes located within the region of difference 1 (RD1) segment of the
M. tuberculosis genome, are more specific to M. tuberculosis than PPD because they are not shared with any BCG
substrains or severa nontuberculous mycobacterial species. A review of current evidence on the performance of IFN-y
assays and TST suggests that both the TST and |FN-y assays have advantages and limitations, and both tests appear to be
useful at this time. The emergence of IFN-y assays is a much anticipated, welcome development that has, for the first
time, increased the choice of tests available for diagnosing latent tuberculosis infection. Because both tests have their
strengths and limitations, the decision to select one over the other will depend on the population, the goa of testing, and
the resources available. To fully evaluate the utility of IFN-y assays in high burden countries such as India, long-term
cohort studies are needed to determine the association between positive |FN-y results and the subsequent risk of active

disease.
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The World Health Organization estimates that one third
of the world's population is infected with Mycobacterium
tuberculosis.* This enormous reservoir of infected individuals
presents a major hurdle for global tuberculosis (TB) control.
In low TB endemic countries, targeted testing for latent
tuberculosis infection (LTBI) and treatment is a key part of
the TB contral strategy. In high burden countries such as India,
diagnosis and treatment of active tuberculosis receives greater
priority; testing for LTBI isusually done only in selected high
risk groups such as children, household contacts, and
individuals with Human Immunodeficiency Virus (HIV)
infection. How is LTBI diagnosed and what are the diagnostic
options available?

The need for alter natives to the tuberculin skin test

The tuberculin skin test (TST) was, until recently, the only
test available for the diagnosis of LTBI.>” The TST measures
delayed type hypersensitivity response to the purified protein
derivative (PPD). A magjor limitation of PPD is the fact that
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it is a crude mixture of several antigens, many of which are
shared among M. tuberculosis, M. bovis BCG, and several
non-tuberculous mycobacteria (NTM). As a result, a positive
TST result could potentially be due to true infection with M.
tuberculosis, prior BCG vaccination, or due to exposure to
NTM.258 Separating these components of the tuberculin
response is not easy and is partly the basis for using risk
stratified cut points in different population subgroups.® It is
well known that the TST has lower specificity in populations
with high BCG coverage and NTM exposure.>™® Also, its
sensitivity may be low due to anergy in individuals with
depressed immunity (e.g. HIV infection).>”® Further, the
administration and reading of TST poses several unique
problems — under reading, within and between reader
variability, digit preference, the need for trained personnel to
read the test results, and the requirement for patients to return
for the purpose test reading. On account of all these
limitations, there has always been a need to develop
aternative tests for latent TB infection. Strangely, despite
these limitations, for a long time little research went into the
development of alternative tests for latent TB. This neglect
is aso noticeable in the persistent lack of new vaccines and
drugs for tuberculosis.

Development and evolution of interferon-y assays

The successful sequencing of M. tuberculosis and M. bovis
genomes has lead to the emergence of the field of comparative
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genomics (i.e., analysis and comparison of genomes from
different species). Recent advances in genomics, molecular
biology, and immunology have led to a promising generation
of alternative tests such as T cell based, in vitro, interferon-y
(IFN-y) assays.**? The IFN-y assay is based on the concept
that T cells of individuals sensitized with M. tuberculosis
release interferon-y (IFN-y), a Th-1 cytokine, when they
reencounter mycobacterial antigens (Figure 1).

This process, unlike the TST, occurs ex vivo. A high level
of IFN-y response is likely to indicate previous sensitization
with M. tuberculosis, but does not necessarily imply active
disease. In this respect, the IFN-y assay is similar to the TST.
It cannot easily distinguish between latent infection and active
disease.

While early versions of IFN-y assays employed PPD as
the stimulating antigen, it became clear that such assays will
have the same specificity problems seen with the PPD based
TST.'2 Extensive basic science research lead to the
development of newer assays that employ antigens that are
highly specific to M. tuberculosis. These antigens include the
early secretory antigenic target 6 (ESAT-6) and culture filtrate
protein (CFP-10). These low molecular weight proteins,
encoded within the region of difference 1 (RD1) of the M.
tuberculosis genome, are more specific to M. tuberculosis than
PPD, and they are not shared with the BCG sub strains and
most NTM species (with the exception of M. kansasii, M.
marinum and M. szulgai).** Tests based on these TB specific
antigens are called RD1 based IFN-y assays. With the
introduction of RD1 based assays, PPD based |IFN-y assays
are already being phased out.

Two RD1 based IFN-y assays are now available
commercially. The QuantiFERON-TB® assay (Cellestis
Limited, Carnegie, Australia) was the first IFN-y assay to
become commercialy available. This whole blood test was
approved by the US Food and Drug Administration (FDA)
in 2001 and is available in many countries.®* However, this
first generation assay measures IFN-y response to PPD and
thus is susceptible to the same specificity problems as the
TST.® This PPD based assay is currently being replaced by
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Figure 1: Biological basis of cellular immune based tests’

an enhanced assay, the QuantiFERON-TB-Gold® test (which
uses ESAT-6 and CFP-10 in place of PPD). This new assay
is currently available in Europe, and was approved by the US
FDA in December 2004.

Other assays, including those using the enzyme linked
immunospot (ELISPOT) to detect IFN-y response, have aso
been evaluated in different settings.®'> The T SPOT-TB®
(Oxford Immunotec, Oxon, UK) is the second assay to reach
commercial development. This assay, performed using
peripheral blood mononuclear cells (PBMC), employs ESAT-
6 and CFP-10, and detects the number of IFN-y producing T
cells using a sensitive ELISPOT technology. This test,
currently available in Europe, is awaiting US FDA approval.
In India, both QuantiFERON-TB Gold and T SPOT-TB assays
have been evaluated in research settings, in rural® and urban
populations.’> However, these assays are currently not used
in clinical practice in India

Laboratory characteristics of | FN-y assays

Although all IFN-y assays are cellular immune based tests
that quantify 1FN-y response, the operational and laboratory
characteristics of these assays are quite variable (Figure 2).12

The QuantiFERON-TB-Gold and T SPOT-TB, the two
commercialy available RD1-based tests, are quite different
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Figure 2: Laboratory aspects of interferon-gamma assay technology (ref
12); reproduced with permission from Elsevier
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in their assay formats and laboratory procedures (Figure 3 and
4). The incubation periods used in assays vary from short (16
— 24 hours in QuantiFERON-TB, and T SPOT-TB) to long
(5 — 6 days in severa in-house assays). Some assays use

whole blood (QuantiFERON-TB), while others use PBMC (T
SPOT-TB). The antigens used is PPD in some assays (first
generation QuantiFERON-TB), while they are RD1 based in
others (QuantiFERON-TB Gold, T SPOT-TB). While most
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Figure 3: Overview of the QuantiFERON-TB Gold® in tube assay technology reproduced with permission (www.cellestis.com)
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Figure 4: Overview of the T SPOT-TB® assay technology reproduced with permission (www.oxfordimmunotec.com)
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assays use the ELISA format (QuantiFERON-TB), some use
the ELISPOT format (T SPOT-TB) for IFN-y measurement.
Assays also vary in the source and type of antigens used for
stimulation — some use antigens whereas others use peptides
(recombinant rESAT-6 peptides).

It is not clear at this time whether some assay
characteristics are likely to increase test accuracy. For
example, it is not clear whether assays that use longer
incubation periods are likely to have higher sensitivity.
Overnight incubation assays primarily detect immediate
effector T cells that have already been activated in vivo,
whereas in the longer incubation periods used in other assays,
there is sufficient time in which to activate resting memory
T cells as well. Similarly, there are no studies on whether the

ELISPOT format is more or less sensitive than the ELISA
method. It does appear that adding specific antigens and using
them as “cocktails’ or antigenic mixtures does increase
sensitivity, without sacrificing specificity.?? The technology of
IFN-y assays is constantly evolving, and much effort is being
directed toward the development of better TB specific antigens
that can be used for both diagnostic purposes and the design
of new vaccines.®

Comparison of |FN-y assays with tuberculin skin testing

Table 1 presents a comparison of the performance and
operational characteristics of |FN-y assays with the tuberculin
skin test, based on the available, published evidence
(extensively reviewed elsewhere®®?). It must be kept in mind

Table 1: Summary of evidence on the performance and operational characteristics of TST and RD1-based | FN-y

assays*

Performance and operational characteristics

Tuberculin skin test (TST)

RD1-based IFN-y assay

Estimated senditivity (in patients with
active TB)

Estimated specificity (in healthy
individuals with no known TB
disease/exposure)

Cross-reactivity with BCG
Cross-reactivity with non-tuberculous
mycobacteria (NTM)

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

Correlation with M. tuberculosis exposure

Benefits of treating test-positives
(based on randomized controlled trials)
Reliability (reproducibility)

Boosting phenomenon
Adverse reactions

Material costs

Patient visits

Laboratory infrastructure required
Time to obtain a result

Trained personnel required

75% - 90%**881625(|ower in
immunocompromised populations)

70% - 950424681626

YeS'5-7,37,38
Yese4

Moderate to strong positive association
(risk ratios [largest vs. smallest TST
reactors] vary widely from 2.2 to 26.3)261"18
YesH46

About 60% reduction of active TB

among those treated compared to placebo®81619
Moderate (potential for digit preference,
inter-reader variability, and under
-reading)°4®

Yes, can occur with repeated testing®#65!
Rare (blistering and ulceration can occur in
1 — 2% of those with positive reactions)®
Low

Two

No

2—3days

Yes (e.g. health workers, nurses, physicians)

80% — 90%>2"%3(inadequate
data in immunocompromised
populations

95% - 100%27»32,34»36

Less likely ¥4

Less likely (but can still
cross-react with some
species of NTM)*
Inadequate evidence, but one
small study showed a strong
association (risk ratio 10)%
Yes (correlated better with
exposure than TST in some,
but not al, head-to-head
comparisons) 39-41,47,52

No evidence

Limited evidence but appears
high**%° (digit preference not
possible;unknown reproduci-
bility in the same individual;
inter-laboratory variability
not well studied)

No

Rare (risksaremainly related
to venipuncture)

Moderate to high

One

Yes

1 -2 days, but may be longer
if run as batches

Yes (e.g. laboratory
technicians)

* Superscripts indicate references

154 CM K

WWW.ijmm.org



July 2005

D

Pai M — Allternatives to the Tuberculin Skin Test 155

that this summary of evidence is likely to change as new
studies on |FN-y assays are constantly advancing the state of
the art. As seen in Table 1, the TST has moderate to high, but
variable sensitivity and specificity, depending on the
population screened.2#616 Specificity of TST tends to vary
more than sensitivity. Several longitudinal studies, including
a large study from India,*” have shown a positive association
between TST response and subsequent risk of active TB.261718
Therefore, although crude and imprecise, the TST has the
ability to predict active TB among latently infected
individuals. Several randomized trials have shown that
treatment of LTBI, diagnosed on the basis of positive TST,
reduces the risk of active TB by about 60%.58161° This
experimental evidence, in fact, has lead to the policy of
targeted tuberculin testing and LTBI treatment (e.g. isoniazid
for 6 — 9 months) in developed countries.®

Further, the TST is a simple test with low materia costs
that does not require a laboratory. It has, therefore, been
extensively used even in resource limited settings for both
clinical testing (in children) and epidemiological field
studies.®” In India, several studies on annual risk of TB
infection (ARI) have been conducted using TST.>%

Research evidence suggests that RD1 based IFN-y assays
outperform the TST with respect to the following
characteristics: higher specificity, better correlation with
indirect measures of exposure to M. tuberculosis, and
relatively less cross reactivity due to BCG vaccination and
NTM infection.®**2 |n terms of sensitivity, RD1 based IFN-y
assays that use cocktails of specific antigens (a mixture of
ESAT-6 and CFP-10) appear to be at least as sensitive as the
PPD based TST.®2 The other advantages include rapidity, the
need for only a single patient visit, avoidance of subjective
and poorly reliable measurements such as skin induration, and
the ability to perform repeat testing without boosting. There
is limited evidence, based on one small study, of an
association between |FN-y response to ESAT-6 and subsequent
progression to active TB among contacts of TB patients.? To
date, no clinical trial has demonstrated the efficacy of
treatment on the basis of IFN-y assay results. In other words,
we do not know if treatment of individuals positive by the
IFN-y assay will prevent the development of active disease
in future. A major limitation of IFN-y assays is their higher
material costs and the need for laboratory infrastructure (the
laboratory has to have the capacity to run ELISA or
ELISPOT).2 In Indig, athough no formal costing studies have
been conducted, the material cost of IFN-y assays may be 5
— 10 times higher than TST. This cost differential might be
less striking in other settings (USA) where labor costs are
significantly higher, making the TST, asawhole, an expensive
test.

Because of the lack of agold standard for latent infection,
it is impossible to accurately determine the sensitivity and
specificity of IFN-y assaysfor the diagnosis of latent infection.

Therefore, several studies have evaluated the agreement
(concordance) between TST and IFN-y assays (Table 2).

This approach avoids the use of TST, an imperfect test,
as the gold standard. Most studies reported modest to high
agreement (60% to 80%) between the two tests. The only
Indian study to evaluate the agreement between TST and an
IFN-y assay reported a high degree of agreement of 81%.%
This study of 726 health care workers, conducted in a rural
hospital in Sevagram, Maharashtra, compared the third
generation QuantiFERON-TB Gold In Tube assay (RD1
based) with TST (1 TU dose of PPD RT23). This large study
also showed that previous BCG vaccination had little impact
on both TST and QuantiFERON-TB Gold results in adult
health care workers.

Conclusions

Current evidence suggests that both the TST and IFN-y
assays have advantages and limitations, and both tests appear
to be useful. No single test, at this time, might suit all
conditions. The emergence of IFN-y assays is a much
anticipated development that has, for the first time, increased
the diagnostic tools available for LTBI. It is, therefore,
important to consider both tests as part of an expanding
armamentarium of TB diagnostics. In this context, the decision
to select one or the other will depend on the population, the
goal of testing, and the resources available. For example, serial
monitoring of health care workers (annual testing) is a key
component of nosocomial TB control in many developed
countries. In such settings, the RD1 based |FN-y assay might
be amore appropriate test. It will eliminate the need for repeat
visits and two step TST testing, avoid boosting, and minimize
interpretational difficulties. Because of its higher specificity,
IFN-y assays will be helpful in low endemic populations
where cross reactivity due to BCG and NTM pose problems
in TST interpretation. It is also likely to reduce false positives
and enhance targeted LTBI treatment, particularly in low
incidence settings. Cross reactivity due to BCG appears to be
an important issue in some populations where BCG
vaccination is not given at birth, but later on in life. Further,
IFN-y assays may be helpful in screening populations such
as HIV-infected individuals, homeless individuals, and
injection drug users, where low return rates for TST reading
isamajor concern.

In high-burden and resource-limited settings such as India,
where even access to simple technology such as sputum
microscopy may be poor in some areas, the TST might
continue to serve a useful purpose. In the Indian context, a
15 year follow up of 280,000 subjects from the south Indian
BCG vaccine trial has showed that TST response is
significantly associated with development of active TB.Y This
study and other Indian studies suggest that the TST remains
a useful test.>? Also, data from several studies in India
suggest that BCG vaccination may not pose a major problem
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Table 2: Summary of studies on agreement between RD1-based | FN-y assays and tuberculin skin testing

Study Study population IFN-y (antigen, TST (technique, Agreement (kappa)
format) dose, cut-point)
USA, 1999* 43 participants (27 active TB, 8 M. ESAT-6 (In-house) Mantoux, 5TU 74% (0.52)
avium disease, 8 healthy controls) PPD-S (5 mm)
Netherlands, 2001* 44 contacts of a case of smear ESAT-6, CFP-10 Mantoux, 2TU 89% (0.73)
-positive TB (In-house) RT23 (10 mm)
UK, 2001 50 healthy adult contacts of ESAT-6 (ELISPOT) Heaf test (grades 69% (0.37)
patients with smear-positive TB 3& 4)
Zambia, 2002% 49 healthy adults (14 HIV-positive) ESAT-6, CFP-10 Mantoux,5TU HIV-: 60% (0.03)
with no history of TB (ELISPOT) PPD RT23 HIV+: 64% (0.26)
(20 mm)
UK, 2003% 535 students screened in aschool  ESAT-6, CFP-10 Heaf test (grades 89% (0.72)
outbreak (ELISPOT) 3 and 4, irrespective
of BCG; grade 2
among unvaccinated)
Italy, 2004* 92 contacts of an index case of ESAT-6, CFP-10 Mantoux, 5TU PPD- 82% (0.13)
drug resistant TB (ELISPOT) S(5mm)
Gambia, 2004 735 household contacts of ESAT-6, CFP-10 Mantoux, 2TU RT23 74% (0.43)
smear-positive TB patients (ELISPQOT) (20 mm)
Denmark, 2004* 85 BCG-unvaccinated contacts ESAT-6, CFP-10 Mantoux, 2TU RT23 94% (0.87)
of anindex TB case in a school (QuantiFERON-TB (10 mm)
Gold)
India, 2005% 726 hedlth care workersinarura  ESAT-6, CFP-10, Mantoux, 1TU RT23 81% (0.61)

hospital

TB7.7(QuantiFERON (10 mm)

-TB Gold In Tube)

* Superscripts indicate references

in the interpretation of TST results.’4?*% Recent nationwide
tuberculin surveys in India, involving more than 100,000
children, have also shown the BCG does not substantially
affect the estimation of annual risk of infection.?#* However,
BCG might adversely affect TST results in other populations,
depending on BCG strain used, timing of vaccination,
frequency, and time elapsed since vaccination.® It is therefore
important to consider these issues carefully before selecting
the appropriate test.

To fully evaluate the utility of IFN-y assaysin high burden
countries such as India, long term cohort studies are needed
to determine the association between positive IFN-y results
and the subsequent risk of active TB. If these studies
consistently demonstrate a strong association between positive
IFN-y results and risk of active TB, and if the effect is stronger
than that of TST, this would indicate that |FN-y assays have
a better ability to identify those at higher risk for progressing
to active disease. It is aso important to determine if treatment
of individuals diagnosed to have LTBI using IFN-y assay will
result in protection against devel opment of active tuberculosis.
These studies should help to settle the debate on whether |FN-
g assays can replace the TST. For now, it is probably a good
strategy to keep both TST and IFN-y assays on the LTBI
diagnostic menu, and select the appropriate test based on the
population, the purpose of testing, and the resources available.
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