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Abstract

The interferon gamma release assays have been extensively evaluated in the diagnosis of
latent tuberculosis infection as well as in diagnosis of active pulmonary and extra-pulmonary
tuberculosis since their introduction just over a decade ago. The results and recommendations
published are confusing to say the least. The performance of these tests vary according to the
population they are used in, including age, BCG vaccination status and immune status, the
commercial test used, the TB burden of the country/ region and other factors intrinsic to the
tests themselves. This review attempts to summarize the evolution of the IGRAs, particularly
in the context of moderate and low income settings where a large question about their use
still remains. Much work needs to be done before definitive recommendations about their
role in the diagnostic algorithms of low and middle income countries can be made, but
problems associated with the tests including cost and interpretation issues may limit the
amount of work that can be invested productively in this evaluation.
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Introduction

The interferon gamma release assays (IGRAs) were introduced just over a decade ago as a
potential replacement for the century old tuberculin skin test (TST). The TST measures the
type IV hypersensitivity reaction mounted in the skin in response to an injected cocktail of
mycobacterial antigens (purified protein derivative or PPD). Numerous problems with the
TST including lack of specificity for Mycobacterium tuberculosis (MTB) infection (as many
non-tuberculous mycobacteria (NTM) also have these antigens), boosting of the response by
BCG vaccination, necessity for a return visit by the patient, variable results depending on
immune status of the patient, inter-reader variability in measurement and inability to
differentiate between active and latent TB infection (LTBI)! prompted the need for a new
test which addressed at least some of these deficiencies.

The interferon gamma release assays are T cell function based assays that rely on
immunological memory. T cells that have previously encountered Mycobacterium
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tuberculosis antigens (memory T cells), when exposed to the assay MTB antigens will
become activated and produce interferon gamma (IFG) as a response. The IGRAs were
developed using antigens that were more specific to Mycobacterium tuberculosis complex
(MTBC) organisms to circumvent the problem of non specificity in the TST. The early
secreted antigenic target 6 (ESAT-6) and culture filtrate protein 10 (CFP-10) are encoded by
genes in the region of difference 1 (RD1) locus of the mycobacterial genome. Though they
are not unique to the MTBC and are found in a few NTM including M. marinum, M.
kansasii, M. szulgai and M flavescens, they are not found in BCG/ M bovis strains and are
therefore theoretically not affected by BCG vaccination.' In addition, this assay can be done
and results obtained with a single visit of the patient, thereby obviating a second visit by the
patient.

The commercial assays

Two companies currently manufacture and supply the interferon gamma assays as
commercial blood test kits. The QuantiFERON-TB Gold (QFT-G) and QuantiFERON-TB
Gold In-Tube (QFT-GIT) from Cellestis/ Qiagen, Carnegie, Australia and the T-SPOT.TB
assay from Oxford Immunotec, Abingdon, UK. The QFT-GIT is a second generation test and
is an ELISA (Enzyme Linked Immuno Sorbent Assay) that can be performed on whole
blood, while the T-SPOT.TB assay is an ELISpot (Enzyme Linked Immuno Spot) assay that
is performed using peripheral blood mononuclear cells (PBMC) separated from blood. The
QFT uses the ESAT6 and CFP10 peptides as well as the TB7.7 peptide for T cell stimulation
and the result is reported as a quantification of IFG in International Units (IU) per millilitre.
The T-SPOT.TB assay uses only the ESAT6 and CFP10 antigens and the number of cells
secreting IFG (spot forming cells) after antigenic stimulation is counted. Interpretation of
both tests is based on positive and negative controls that are run with each sample and results
are given as ‘positive’ ‘negative’ or ‘indeterminate’.

Evaluating the assays: study types and contexts

Since their introduction in 2001, the performance of these tests has been evaluated in many
different settings taking several variables into account. These include the local TB burden
(high, moderate or low), BCG vaccination status of the population and the type of disease the
test was used in (active pulmonary tuberculosis (PTB), extra-pulmonary tuberculosis (EPTB)
or as a screening test for LBTI). As a gold standard method for diagnosis of LTBI is
unavailable, active TB was often used as a surrogate outcome measure in many studies that
evaluated sensitivity, while specificity was evaluated in low- burden low-risk populations.”™

Sensitivity and specificity

Based on studies done in high, moderate and low burden settings between 2004 and 2008
using active TB as a surrogate outcome, the pooled sensitivity of the QFT-G was shown to be
78% (95%CI1 73-82%), with point estimates ranging from 55% to 88%. The pooled
sensitivity of the QFT-GIT was 70% (95% CI 63-78%), with individual values ranging from
61%-93%.”'* The pooled sensitivity of the T-SPOT.TB was estimated to be 90% (95%CI
86-93%) with individual values ranging from 83-100%. The pooled sensitivity estimate for
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the TST was 77% (95%CI 71-82%) in these studies, with individual values ranging from
57% - 100%.°™"* Of the studies that directly compared the T-SPOT.TB and the QFT-G or
QFT-GIT, the majority showed that the T-SPOT.TB had a higher sensitivity."

Specificity of the IGRAs were evaluated in both BCG vaccinated and non-vaccinated
populations. These studies were done in low and moderate burden countries in apparently
healthy adults who were assumed to have low risk of LTBI. The pooled specificity (all
studies using both IGRAs) in BCG non-vaccinated populations was 99% (98-100%) with
point estimates ranging from 95% to 100%. The pooled specificity in BCG vaccinated
populations was 96% (94%-98%), with point estimates ranging from 92% to 99%."*

Later analyses that compared moderate/ high and low burden settings showed that the QFT
had a sensitivity of 69% (95%CI 64-73%) in moderate/high burden settings while in low
burden settings, the sensitivity was significantly higher at 83% (95%CI 80-86%). Sensitivity
estimates were also prone to more variation in moderate/ high burden settings °.

Specificity estimates in moderate to high burden settings, including Zambia, South Africa,
India, Tanzania, Turkey and China were markedly lower than in low burden settings with
pooled estimates of 61% (95%CI 40 -79%) for the T-SPOT.TB assay and 52% (95%CI 41-
62%) for the QFT assay being reported.16 These values however included both HIV infected
and uninfected subjects. There was inadequate data to evaluate the pooled specificity of the
IGRAs in HIV-uninfected persons. These estimates show that both sensitivity and specificity
of the IGRAs were lower in high/ moderate burden settings.™'®

The specificity of the TST was shown to be good (97%, 95% CI 95-99%) in BCG-non
vaccinated populations. However this reduced to 59% (95%CI 46-73%) in BCG vaccinated
populations.'* These values were calculated based on studies done in predominantly low
burden settings in individuals at low risk of TB.

Based on results obtained from these studies as well as numerous other studies that evaluated
the IGRAs in specific situations, the IGRAs were included in the diagnostic and screening
algorithms of high-income countries including the USA'’, Europe'® and Canada.'® They were
recommended for use in conjunction with clinical history and risk assessment (including
immune status and comorbidities of the patient) as well as other investigative tests results.

In contrast, in 2011 the WHO Strategic and Technical Advisory Group for Tuberculosis
(STAG-TB) published recommendations that discouraged the use of IGRAs in low and
middle income countries.”’” The report recognised that IGRAs were being promoted and
used, particularly in private sector hospitals and laboratories, for diagnosis of active TB. As
high/ moderate burden settings are likely to have high LTBI rates in the population, the
recommendations noted that the IGRAs were likely to have poor specificity as they cannot
differentiate active from LTBI. Several IGRA studies (n=22) done in low and middle income
settings were evaluated and based on those results, the use of IGRAs and the TST in
diagnosis of active PTB and EPTB in these settings was discouraged by the WHO.? The use
of IGRAs in place of the TST for LTBI in HIV infected patients was also not recommended.
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The general reason given for these recommendations was the lack of good quality evidence
to support their use rather than findings of poor utility in these settings

Subsequent meta-analyses, done by Dai et al in 2012, compared 73 studies using both
commercial IGRAs in China and other countries. They showed that the pooled sensitivity and
specificity of the IGRAs was 85% (95%CI 84-86%) and 84% (95%CI 83-85%) respectively
. The pooled estimates for the T-SPOT.TB test in the Chinese population gave a sensitivity
of 88% (95%CI 86-91) and a specificity of 89% (95%CI 86-92%) while the estimates in non-
China studies were 90% (95%CI 87-93%) and 74% (95%CI1 71-77%) respectively. The
sensitivity and specificity of the QFT overall were 78% (95%CI 75-80%) and 81% (95%Cl1
80-83%). The authors concluded that while the IGRAs showed good sensitivity and
specificity for diagnosis of active TB, their use should be decided based on local disease
prevalence and other logistic considerations.*

The studies mentioned here comprise only a fraction of those done on IGRAs worldwide and
highlight the variation in results that have been reported. Coming to a single uniform
conclusion and developing practical guidelines has therefore been problematic resulting in
different guidelines with differing recommendations. Ultimately the consensus appears to be
that the tests must be validated for a given setting before their use. Similar variation in results
and recommendations is seen in the use of IGRAs in the special circumstances mentioned
below.

IGRA in immunocompromised patients

IGRAs were initially shown to have a higher sensitivity in immunocompromised populations
leading to extensive investigation of their use in this subset.”' In immunocompromised
patients with active PTB, studies have shown varying results with some showing that both
the TST and the IGRAs have similar sensitivities in immunocompromised populations, while
others show that both the IGRAs and TST have reduced sensitivity for active TB in
compromised populations.18 Several studies showed that the T-SPOT.TB had a higher
sensitivity in immunocompromised patients when compared to the QFT, but
recommendations by the WHO remain that IGRAs should not be used for active TB
diagnosis in the immunocompromised in low/middle income settings.”’ These
recommendations were supported by the findings of Metcalf et al (2011) who showed poor
sensitivity and specificity of the IGRAs in immunocompromised patients in low/ middle
income settings.'

IGRA as a screening test

The use of the IGRAs and the TST was compared in screening of healthy populations as well
as in contact screening. Studies in low burden settings showed that the IGRAs had a better
correlation to level of exposure than the TST while having the added advantage of not being
affected by BCG vaccination."**® Studies in high burden countries showed the opposite
with the TST correlating better with level of exposure than the IGRA.'****° However, all
these studies showed that both the TST and IGRA positivity correlated to some degree with
level of exposure.
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In contact or other high risk category screening studies done in both high and low burden
settings, most studies showed that the IGRAs gave lower positivity rates than the TST and
when used as an alternative to the TST, or as a confirmatory test (2 step approach) would
result in a reduction in LTBI diagnosis rates.’' However in high burden settings, studies have
shown either no difference in both TST and IGRA positivity rates or higher positivity rates in
IGRA.*** In otherwise healthy populations (with no known exposure to TB) in both high
and lglvgsburden settings, the IGRAs have been shown to have similar positivity rates to the
TST.”™

Overall, current evidence points towards use of the IGRA alone or with the TST in low
burden settings for screening at-risk patients but the use of IGRAs in high burden settings,
particularly if LTBI is not treated, is debatable (and not recommended by the WHO) and
would depend on assay cost, available laboratory infrastructure and objectives of the local
TB screening programmes. Interpretation of results in high burden settings would also be
problematic as there is no solid evidence base that points in one direction for use of IGRA in
these settings.

The most recently published review by Pai et al, in 2014 was based on recent meta-analyses
and extensively reviewed the available literature on IGRAs in all fields."*'® This review
stated that in low TB burden settings, the IGRAs have a specificity for LTBI (as assessed by
surrogate markers) of >95% which is not affected by BCG vaccination status. The TST also
had a high specificity in this population. In BCG vaccinated populations, the specificity is
lower and more variable in both tests. The sensitivity of the T-SPOT.TB test seems to be
better than that of the QFT or the TST, but all have a sensitivity of over 70% in both
populations. The IGRAs would be most useful for LTBI screening in populations where
BCG vaccination is routinely done after infancy with multiple booster doses.

Other problems with the IGRAs

Test characteristics: repeated testing and variability in results

As the IGRAs are functional T cell assays, a large number of factors affect the final result of
a given test.'” These include assay manufacturing and shipping, pre- analytical factors
including time of phlebotomy, blood volume (not applicable to the T-SPOT.TB assay as the
number of mononuclear cells is standardized), transportation temperature, incubation time
and delay in starting incubation. Analytical factors including within-run, between-run,
between—operator and between-laboratory imprecision and immunological / host factors such
as boosting by previous PPD, other infections, immune status, age, and co-morbidities all
have an effect on the test outcome."

All factors that cause variability in IGRA results are not yet fully understood. Much of the
research carried out to-date has been on the QFT test and sources of variation in the T-
SPOT.TB test are less well defined. As all these factors could affect the final outcome of a
given test result, the reproducibility of results and the interpretation of a single positive or
negative result remains problematic.
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Conversions and reversions occur with IGRA results.*® Follow up studies of both patients
and contacts have shown mixed results.”® Some studies have shown that the IGRAs become
negative during the course of treatment of active TB, while others have shown that IGRA
conversions to positive occurred.”® Conversions and reversions also occur in contacts
investigated in screening programmes as mentioned before.’” Conversions and reversions are
categorized as stable and unstable, where stable conversions/ reversions are changes in
results which persist for a long period of time, and unstable conversions/ reversions are
changes that revert within a short period."”> As IGRAs are dynamic functional T cell assays,
this phenomenon is expected. However interpretation of these results remains a problem.

Indeterminate results

Indeterminate results are seen in 5-40% of the IGRAs. The most common reason for this is a
failed positive control, which is associated with extremes of age and immune compromised
status.”'® Studies in immune compromised patients cite this as an advantage over the TST as
a negative result can be distinguished from an indeterminate result due to anergy of T cells,
whereas negativity of response and anergy cannot be differentiated in the TST. A
significantly lower mitogen response has been shown in patients with active TB compared to
controls in recent analysis and possible impairment of immune response has been put
forward as a possible explanation for this.™® Laboratory factors such as delay in starting
incubation have also been shown to affect the number of indeterminate results.*’

Other factors affecting IGRA result

Multiple factors affect the IGRA result including malnutrition, levels of exposure to MTB
antigens, transmission dynamics, and the T helper and T regulator cell cytokine profile of the
host.” It is also theorized that while early clearance of the organism from the lungs may
cause a transient T cell response, LTBI may have no response because the organisms are
dormant.’

Though the IGRA is not affected by previous BCG vaccination, it has been shown to be
affected by previous TST. Again, this finding is not consistent, with studies showing both the
presence and absence of the boosting phenomenon.4O_43

Recent evidence that IGRA response varies with age and the diabetic state is also emerging
raising questions about the utility of these tests in elderly and diabetic populations.**® This
presents important implications for countries where the population most likely to have TB
infection are elderly or diabetic.

Cost

Cost calculations have shown that the IGRAs are substantially more expensive to perform
than the TST. Estimated cost for the T-SPOT.TB, including test kits, consumables,
processing and phlebotomy is EUR 66.00 (GBP 55.00) while similar estimates for the QFT is
EUR 54.00 (GBP 45). In contrast, the estimated cost for the TST, including consumables,
administration and reading, is EUR 19.30 (GBP 16.14).18 However when other indirect costs
were taken into account, including the reduced number of chest x-rays needed and reduced
number of contacts and HCW who have to undergo preventive therapy when the IGRAs are
used for LTBI screening, the IGRAs remain a cost effective method of diagnosis compared
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to the TST."® Another study in a moderate incidence/ low income setting shows that the costs
for the QFT was USD 18.60 while the cost of the TST was USD 3.70.*" The cost structure
for the TST and IGRAs are different in that the bulk of the cost in the IGRAs is for
consumables while most of the cost in TST is for time demands on participants.*®

The local setting: where does Sri Lankan stand?

Sri Lanka is now classified as a moderate TB burden country.*’ The TST is still used widely
in contact screening and is also used in diagnosis of active PTB when smear microscopy is
negative. IGRAs are available in the private sector hospitals and laboratories at great cost to
patients. The test is often requested when tuberculosis (either PTB or EPTB) is suspected and
other diagnostic tests have proved negative or inconclusive. There is currently no published
data on the performance of the IGRAs in the local population in any form of the disease
although preliminary studies have been conducted. Neither are there guidelines for the
interpretation of single test results which is what is often done, as multiple testing is far too
costly. The tests have not been validated for either diagnosis or screening in the Sri Lankan
setting. No local data is available on how the test performs in specific groups such as
immunocompromised patients (especially patients with renal failure and haematological
malignancy) or children. With this lack of data, justification for doing this test, where a
positive result does not necessarily indicate disease and a negative result does not exclude
disease is indeed questionable.

Conclusion

The large amount of data available on the IGRAs has led to increased confusion rather than
clarity. As seen in the above review of the literature, the IGRAs have been studied in many
different contexts and results have been highly variable, with almost all findings being
contradicted by findings in other studies. This state is reflected by the existing guidelines on
IGRA wuse. A review of guidelines on IGRA use showed a large diversity of
recommendations, and no consensus on their use in a given situation.™ This would perhaps
indicate that until further evaluation of the IGRAs can be done, particularly in low and
middle income settings, use of these assays should be limited or discouraged. Another
approach would be to assess the situation and requirements in diagnostic and screening
programmes in a local setting and then evaluate the IGRA for those specific needs. This
approach would take into account local costs, population TB burden, laboratory facilities,
age, BCG vaccination and immune status of the population studied, all of which have been
shown to influence test utility and result. It would not be possible to generalize the results
thus obtained to any other situation, but it would allow a more rational, need-oriented
practice in a given setting.
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