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Abstract

Background—Interferon-y (IFN-y) assays are new tests for tuberculosis (TB) infection, and T-
cell responses may be correlated with antigen burden. However, it is unclear if IFN-y assays can
be used to monitor response to TB treatment.

Materials and Methods—We measured T-cell responses to TB specific antigens in 60 Indian
patients with microbiologically confirmed active pulmonary tuberculosis, before, during, and after
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TB treatment. Most patients were hospitalized and had moderate to advanced disease. IFN-y
responses were measured using the commercial whole-blood QuantiFERON-TB Gold In Tube
(QFT-G) assay at three time-points: at diagnosis (N = 60), after 2 months of intensive treatment (N
= 47), and at 6 months (treatment completion) (N = 39).

Results—At baseline, 44 of 60 (73%) patients were positive by QFT-G. At the second time-
point, 38 of 47 (81%) patients were positive. At treatment completion, 31 of 39 (79%) patients
were positive. Changes in IFN-y responses over time were highly inconsistent - some individuals
showed increases, while others showed decreases or no changes. Although the average IFN-y
levels decreased slightly during treatment (not significant), the QFT-G sensitivity remained mostly
unchanged during therapy.

Conclusions—Our data suggest that the QFT-G assay has modest sensitivity in patients with
moderate to advanced pulmonary disease, but our results do not show a clear correlation between
antigen burden and T-cell responses. Further research is needed to understand the kinetics of T-cell
responses during TB treatment.

Introduction

A recent breakthrough in the diagnosis of tuberculosis (TB) infection has been the
development of T-cell-based interferon-y (IFN-y) release assays (IGRAs) that use antigens
(early secreted antigenic target-6 [ESAT-6] and culture filtrate protein 10 [CFP-10]) more
specific than purified protein derivative (PPD) in the tuberculin skin test (TST). Two
commercial IGRAs are now available, the QuantiFERON®-TB-Gold®; (QFT-G) (Cellestis
Ltd, Australia), and the T-SPOT-TB®; (Oxford Immunotec, UK) test. Research evidence,
reviewed elsewhere [1-3], suggests that IGRAs are more specific, better correlated with
markers of TB exposure in low incidence settings, and less affected by BCG vaccination
than the TST. In the absence of a gold standard for latent TB infection (LTBI), the sensitivity
and specificity of IGRAs for LTBI are not well defined. In the US, the QFT-G can be used in
place of the TST for all indications [4].

Although IGRAs are promising tests, unresolved issues remain [1-3, 5, 6]. One controversy
is whether IGRAs are less sensitive than TST, especially in high-risk populations [1, 4, 7].
Secondly, it is unclear if IGRAs can be used for monitoring treatment responses. T-cell assay
results appear to correlate with antigen (bacterial) load in a way that has not been previously
demonstrated for TST [8-11]. It has been hypothesized, although not proven, that short
incubation IGRAs (e.g. both commercial assays) detect responses of activated, effector T-
cells (predominantly CD4 helper type 1 [Th1] cells) that have recently encountered antigens
in vivo, and can therefore rapidly release IFN-y when stimulated in vitro [8, 9, 12]. In
contrast, long-lived central memory T-cells that may persist even after clearance of the
organism (e.g. previously treated TB) may be less likely to release IFN-y with short
incubation. Effector response may be driven by the antigen (bacterial) load [13], and there is
some evidence, although not consistent, that reduction of the antigen load by treatment
decreases T-cell responses [8-11, 14, 15].

Although studies have examined the effect of active TB treatment on IFN-y responses, the
results have been inconsistent. As reviewed elsewhere [2, 3], some studies have shown
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declining responses after treatment [9-11], whereas others have shown unchanging,
fluctuating, or increasing responses over treatment [16—19]. There are a number of
possibilities that may explain the above-mentioned inconsistencies including varying
laboratory protocols (e.g. ELISA vs ELISPOT), environmental factors and heterogeneity in
T-cell subsets. Some studies have used short but not long incubation times (the latter is more
likely to turn on IFN-y producing central memory cells over several days whilst overnight
assays are negative), different antigen type (peptide vs protein that may activate different
innate pathways) or recombinant antigens that may be contaminated. Also, preliminary
research studies have shown that IFN-y responses can vary over time within the same
individuals, and conversions and reversions can occur, as in the case of the tuberculin skin
test [20]. Thus, further work is necessary to determine the longitudinal reproducibility of
IGRAs, and to ascertain if IGRASs can be used for monitoring response to TB treatment. If
shown to be useful, then IGRAs may be helpful as surrogate markers for long-term
outcomes in the evaluation of new drugs and therapies.

We conducted a cohort study in rural India, to evaluate the sensitivity of the QuantiFERON-
TB Gold® In Tube (QFT-G) assay in patients with newly diagnosed smear or culture-
confirmed TB, and to determine longitudinal changes in IFN-y responses in individuals
before and after standard anti-TB treatment. This study builds on our previous evaluations of
the QFT-G assay in rural India [19-22].

Materials and Methods

Between October 2004 and May 2005, we recruited a cohort of 60 patients with smear or
culture confirmed pulmonary TB at a rural medical school hospital in India. Most (~80%)
patients were recruited from the internal medicine wards. All patients were initiated on the
standard short-course therapy for 6 months (isoniazid, rifampin, pyrazinamide and
ethambutol for 2 months, self-administered daily, followed by isoniazid and rifampin for 4
months, self-administered daily) [23].

IFN-+y responses were measured using the commercial whole-blood QuantiFERON-TB
Gold In Tube (QFT-G) assay at three time-points: at diagnosis (0 day), after 2 months of
intensive treatment (60 days), and at 6 months (treatment completion, 180 days). IFN-y
responses to overlapping peptides representing ESAT-6, CFP-10, and a portion of TB7.7
(Rv2654) were measured by enzyme-linked immunosorbent assay (ELISA) after 24 h
incubation, and IFN-y = 0.35 IU/ml (after correcting for nil control responses) was
considered positive, as recommended by the manufacturer, and consistent with our previous
studies in India [19-22]. Identical protocols were used for all QFT-G tests, and follow-up
assays were performed blinded to the previous test results. To avoid inducing antigen
specific T-cell responses by PPD, we did not perform the tuberculin skin test on any of the
patients.

In addition to QFT-G, all participants underwent sputum smear examinations (direct Ziehl-
Neelsen method) at 2 months and at treatment completion. Chest X-rays were used to detect
cavitary lesions, and also grade radiological severity of disease as minimal, moderately
advanced and far advanced, using a method described elsewhere [24, 25]. In minimal
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disease, the total extent of disease did not involve more than an area of lung equivalent to
that above the second chondrosternal junction and the spine of the fourth thoracic vertebra.
In moderately advanced disease, dense and confluent lesions did not exceed an area of one-
third of the volume of one lung; non-confluent lesions of slight or moderate density did not
exceed the area of one lung. Far advanced disease was any pattern more extensive than
moderately advanced disease. Rapid HIV testing was also done in all patients after
counseling. All participants gave informed consent, and the research was approved by ethics
committees in India and USA.

Data were analyzed using Stata 9 (Stata Corporation, Texas). The main outcome was
sensitivity of QFT-G among patients with microbiologically confirmed TB, and effect of
treatment on QFT-G results, expressed as dichotomous (positive/negative) and continuous
measures (IFN-y expressed as international units per milliliter [IU/ml]). Because the QFT-G
ELISA cannot accurately measure IFN-y values > 10 1U/ml, values > 10 1U/ml were treated
as 10 1U/ml.

A total of 60 smear or culture positive TB patients (mean age 36.4 [range 18-76 years], 75%
men, 16% cavitary disease, 5% HIV-positive) were recruited between October 2004 and
May 2005. Of the 60 patients, 58 (97%) had positive culture confirmation, and 33 (55%) had
moderately or far advanced disease on radiology. Of the 60 patients, 14 died during follow-
up (23%), and 7 (12%) were lost to follow-up (Figure 1). Thus, follow-up was complete for
47 (78%) at the second time-point, and 39 (65%) patients at the third time point. However,
the mean baseline IFN-y level in the entire cohort of 60 patients (mean IFN-y 4.0 1U/ml)
was comparable to the mean level in the 39 patients who completed therapy (mean IFN-y
4.3 IU/ml). Patients who died or were lost to follow-up were on an average 19 years older
than those who successfully completed treatment. Analyses of longitudinal changes in IFN-
7y responses was limited to those individuals who completed 6 months of TB treatment, and
had valid IFN-y levels measured at all three time points (0, 60, 180 days).

At baseline, valid QFT-G results were available in all 60 patients; no assays were deemed
indeterminate due to low response to mitogen. Of the 60 patients, 44 (73%) were positive by
QFT-G at baseline. At the second time-point, 38 of 47 (81%) patients were QFT-positive.
Sputum smear conversion was documented in 41 of 47 (87%) patients; of those who
converted, 73 and 78% were QFT-positive at day 0 and 60 respectively. Among those who
did not convert to smear negativity (N = 6), all were QFT-positive both at day 0 and 60. At
treatment completion, 31 of 39 (79%) patients were QFT-positive. All 39 patients were
smear-negative at treatment completion.

The pattern of changes in IFN-y responses with treatment (among the 39 patients who
successfully completed treatment and underwent all three QFT-G assays) was highly
inconsistent; some individuals showed increases, while others showed decreases or no
changes (Figure 2). Table 1 shows the results of the QFT-G assay, expressed as both
proportion QFT-positive at each time-point, and mean IFN-vy levels at each time-point. In
the 39 patients who completed TB treatment (and underwent all three QFT-G assays), the
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sensitivity of the assay at each time-point was 77, 82, and 79%, respectively (differences not
statistically significant). Although the average IFN-vy levels declined slightly during
treatment, the overall positivity rates were largely unaffected by treatment. Table 1 also
shows the trend for changes in IFN-y levels by subgroups; no significant differences were
found for changes over time.

Discussion

Until recently, the only test for detection of LTBI was the TST. Although the TST has
proven to be useful in clinical practice, it has several known limitations in accuracy and
reliability [1, 2, 26, 27]. The emergence of IGRAs as alternatives to the TST is an important
recent advance [1, 2]. Unlike the TST, IGRAs use highly specific TB antigens, and measure
T-cell responses using ELISA or enzyme-linked immunospot (ELISPOT) methods. In
contrast to the TST, there is some evidence that IGRA results correlate with antigen burden,
and this has resulted in studies that have evaluated the effect of TB treatment on T-cell
responses [1-3].

While some studies [9-11, 14], mostly ELISPOT based, have shown a consistent association
between treatment and reduction of T-cell responses, other studies have shown amplified or
robust responses, during or after anti-TB treatment [16, 18, 28, 29]. There is also some
evidence that cured TB patients can retain strong ESAT-6 responses for several years after
treatment [17]. In our previous study among highly exposed healthcare workers in India,
even complete preventive therapy with isoniazid did not significantly reduce their high
baseline IFN-y levels [19]. In an environment with ongoing, intensive nosocomial exposure,
healthcare workers had strong IFN-y responses at baseline, and continued to have
persistently elevated responses, despite LTBI treatment. It is plausible that persistence of
infection and/or repeated exposures was responsible for this phenomenon [19].

Variations in disease severity, test reproducibility, incubation periods, antigens used (proteins
Vs peptides), possible endotoxin contamination, non-tuberculous my-cobacterial (NTM)
exposure, and assay formats (ELISA vs ELISPOT) might explain some of the discrepancies
reported by various studies [1]. Overall, at this time, it is not clear if IGRAs will have any
useful role in monitoring bacterial burden and response to treatment. Also, for IGRAS to be
useful in treatment monitoring, it is imperative to demonstrate that early trends (e.g. 4-12
weeks after treatment initiation) in IFN-y responses will be predictive of treatment failure or
relapse, and that IGRAs will be more effective that the current approach of using sputum
smears for monitoring treatment. Such data do not currently exist.

Our study was done in a rural hospital in India, the country with the largest number of TB
cases. To our knowledge, this is the first report of longitudinal changes in QFT-G results
after treatment among TB patients in a developing country, measured using the latest In
Tube version of the assay. Our data suggests that the QFT-G assay had a sensitivity of about
73-81% in patients with mostly moderate to advanced disease, with no major decline in
sensitivity during TB treatment. Although there was a slight decrease in average IFN-y
responses over time, most of the changes occurred at levels far in excess of the QFT-G cut-
point of 0.35 IU/ml. Also, there was considerable individual variability in the degree of
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changes in T-cell responses during treatment. Overall, our data suggest that the QFT-G assay
has a modest sensitivity even in hospitalized patients with moderate to advanced disease, but
our results do not show a clear correlation between antigen burden and T-cell responses.

As reviewed previously [1, 2, 7], most studies on IGRA have reported sensitivity estimates
of around 70-95%, with slightly higher sensitivity for ELISPOT than whole-blood assays. In
these studies, sensitivity was determined in patients with active TB, and active disease was
used as surrogate for LTBI. Our sensitivity estimate is at the lower end of the reported range,
probably because our cohort mostly included hospitalized patients with fairly severe disease.
There is some evidence that IFN-y responses may be depressed in individuals with advanced
TB, presumably due to immunosuppression induced by extensive disease [24, 29]. Because
very few of our patients were HIV-infected, it is unlikely that HIV associated anergy led to
decreased sensitivity. Previous studies have shown an association between
immunosuppression and indeterminate QFT-G results [5, 30, 31]. Interestingly, there were
no indeterminate QFT-G results in our study, indicating that T-cell responses to mitogen
were robust, despite the disease severity.

In view of the inconsistent prior literature, and lack of a strong evidence base on this topic,
we put forth several tentative hypotheses that might explain our finding on lack of
correlation with bacterial burden. First, in high incidence settings, individuals with TB may
have very strong IFN-y responses at diagnosis; the mean IFN-vy levels at baseline was 4.09
IU/ml (SD 4.14) in our cohort, much higher than the QFT-G cut-point of 0.35 1U/ml. Unless
the IFN-y levels drop sharply over a relatively short period, it is unlikely QFT-G will revert
to negativity, even after successful treatment. Second, in high burden countries, ongoing
exposure and/or exogenous re-infection might keep the effector T-cells partially activated,
and therefore T-cell responses remain strong even after antigen load declines with therapy
[19]. Interestingly, some individuals had a transient decline in T cell responses shortly after
treatment, but much higher responses towards the end of therapy. It is plausible that these
individuals were re-exposed during TB treatment, either to M. tuberculosis or non-
tuberculous mycobacteria (NTM) that can potentially cross-react with IGRAs. In India,
exposure to both M. tuberculosis [32] and NTM [33] are common and widespread.

Third, the duration of follow-up in our study may have been inadequate. It might take longer
for IFN-vy levels to decline to negativity after treatment. In a recent study in The Gambia, T-
cell responses were significantly lower 1 year after initiation of TB treatment [10]. Fourth, it
is possible, although not proven, that the ELISPOT assay is more correlated with bacterial
burden than the whole-blood QFT-G assay. Thus far, ELISPOT studies have shown the
strongest trends in reduction of T-cell responses after treatment [9-11, 14, 15]. Although
large-scale confirmatory studies are awaited, available studies suggest that the ELISPOT
technology is probably a more sensitive method for detecting T-cell IFN-y responses than
the whole-blood platform [34, 35].

Fifth, although our study was not designed to evaluate reproducibility, some of the observed
variability in IFN-y responses could merely reflect reproducibility of the QFT-G assay.
There are limited data on the amount of random, biological within-subject variability of
IFN-y responses over time, although preliminary work suggests that conversions and
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reversions can occur with serial IGRA testing, as they do with the TST [20]. Studies are
needed to evaluate IGRA reproducibility during serial testing, and separate its contribution
to the overall variability from that of the variability induced by treatment.

Lastly, most patients in our study were hospitalized, and had moderate to advanced disease.
It is plausible that in patients with severe disease, standard 6-month short course treatment is
inadequate to eliminate all bacteria (even if sputum smears become negative). Persistent
bacteria, even in low numbers, might keep T-cells activated, and cause detectable IFN-y
responses. Longer treatment and follow-up may be necessary to completely clear the antigen
burden and demonstrate declining T-cell responses.

Our study had several limitations, in addition to the small sample size. First, all patients
could not be successfully followed up because of deaths and losses to follow-up; this
resulted in a selected group of individuals with favorable prognosis. Second, because most
patients were hospitalized and had severe disease, our results may not be applicable in
patients with milder forms of TB. Last, longer follow-up might be needed to better
appreciate the effect of treatment on T-cell responses, and to determine if individuals with
strong T-cell responses after treatment are more likely to develop recurrent TB.

Despite the limitations, our data offer some interesting preliminary insights into T-cell
kinetics among TB patients on treatment in a rural, developing country setting. Our data
suggests that TB patients with predominantly moderate to advanced TB disease have
persistently elevated T-cell responses, despite TB treatment. This is highly consistent with
what we previously found among Indian health-care workers who were treated for latent
tuberculosis [19]. Further research is needed to better understand why T-cell responses stay
persistently elevated in high burden settings such as India. Research is also needed to study
reproducibility of IGRAs during serial testing, T-cell decay kinetics during TB treatment,
and determine the effect of TB treatment on host immune responses.
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Figurel.
Study profile.
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Figure2.
Individual variability in IFN-y responses during TB treatment in patients who completed

treatment and underwent all QFT-G assays (N = 39). QuantiFERON-TB Gold In Tube (QFT-
G) assays were performed at three time-points: at baseline, after 2 months (after intensive
phase of treatment), and at 6 months (treatment completion). IFN-y values > 10 IU/ml are
shown as 10 1U/ml. Horizontal solid line indicates the QFT-G cut-point (IFN-y =0.35 U/
ml).
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