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ABSTRACT: The hypothesis that T-cell interferon-c responses to Mycobacterium tuberculosis-

specific antigens decline as disease activity diminishes with tuberculosis (TB) treatment has

generated interest in the interferon-c release assays (IGRAs) as treatment-monitoring tools. We

studied the effect of TB treatment on these responses as measured by the QuantiFERON-TB1

Gold In-tube (QFT-IT) and T-SPOT.TB1 assays.

275 sputum culture-positive, HIV-uninfected pulmonary TB patients were tested with QFT-IT and

T-SPOT.TB1 at baseline, treatment completion and 6 months thereafter. The QFT-IT was also

performed at the end of the intensive phase. The time-treatment effect on the qualitative and

quantitative IGRA results was determined.

There were significant declines in the positivity rates and quantitative results of both IGRAs with

treatment. The QFT-IT positivity rate was significantly lower than the T-SPOT.TB1. The test

reversion rate was significantly different for the two assays (13.9% for T-SPOT.TB1 versus 39.2%

for QFT-IT). 79% and 46% tested positive with T-SPOT.TB1 and QFT-IT respectively at 6 months

post-treatment completion. The kinetics of the quantitative responses was not significantly

different between subjects with and without risk factors for disease relapse.

That a substantial proportion of patients remained test-positive after TB treatment would

suggest a limited role of IGRAs as treatment monitoring tools.
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T
he interferon-c (IFN-c) release assays
(IGRAs), the T-SPOT.TB1 (Oxford Immu-
notec, Abingdon, UK), QuantiFERON-

TB1 Gold (QFT-G) and the QuantiFERON-TB1

Gold In-tube (QFT-IT) (both Cellestis, Carnegie,
Victoria, Australia), have been granted regulatory
approval in many countries to either replace [1]
or supplement the tuberculin skin test as diag-
nostic tools in selected tuberculosis (TB) risk
groups [2–4]. In addition to their increasingly
established role in targeted latent TB infection
(LTBI) testing [5–7], there has been interest in
these assays as potential tools for monitoring
disease activity. This is based on the hypothesis
that the magnitude of the overnight T-cell re-
sponses to the Mycobacterium tuberculosis-specific
early secreted antigen target (ESAT)-6, culture
filtrate protein (CFP)-10 and Rv2654 (TB 7.7)
antigens reflects mycobacterial antigen load, and
hence disease activity [8]. Recent studies have
shown significantly higher quantitative responses,
as measured by the IGRAs in the active versus the
latent TB state [9–11]. A few small, longitudinal

studies utilising in-house or pre-commercial
versions of the ELISpot-based assay have demon-
strated declines in quantitative responses with
active TB treatment [12–16]. A recent study in
which the commercial T-SPOT.TB1 assay was
performed on frozen T-cells demonstrated a
decline in the number of IFN-c producing RD-1-
specific T-cells with 24 weeks of treatment in 58
patients; there was however only a 10% reversion
rate of the qualitative test result [17]. One study
using the QFT-G in Japan, and one using the QFT-
IT in India showed weakening in these assay
responses with treatment in active TB patients [18,
19]. In contrast, another study in India showed
inconsistent changes in QFT-G IFN-c responses
with treatment [20].

We conducted a prospective, head-to-head study
to evaluate the effect of TB treatment on T-cell
responses as measured by the T-SPOT.TB1 and
QFT-IT in pulmonary TB (pTB) patients treated
under programme conditions at the Singapore TB
Control Unit (TBCU). We further compared the
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kinetics of these responses in subjects with and without risk
factors predictive of disease relapse, namely, having a positive
sputum culture at 2 months [21, 22], lack of weight gain in the
intensive phase in those who were underweight at baseline
[23], and presence of cavity in the end-of-treatment chest
radiograph [24].

METHODS
This study was approved by the Domain Specific Institutional
Review Board of the National Healthcare Group, Singapore.
The study population comprised patients of the TBCU, the
national referral centre treating ,60% of the country’s TB
cases. Subjects were prospectively recruited between April
2006 and May 2007. All participants gave informed consent.

Adult and adolescent patients who were sputum acid-fast bacilli
(AFB) smear-positive, or who had clinical and chest radio-
graphic findings consistent with bacteriologically positive pTB
were considered for study enrolment. Patients with overall poor
prognosis (e.g. the frail elderly, those with advanced malig-
nancy), or who could not be followed-up for relapse (e.g. those
not permanently residing in Singapore) were not recruited.
Eligible patients were enrolled within 2 weeks of treatment
commencement, at which time peripheral venous blood was
drawn for both IGRAs (time A). At least two sputum specimens
were obtained on separate days for AFB smears and TB culture
and drug susceptibility testing (DST) prior to, or within 3 days of
starting treatment. Human immunodeficiency virus (HIV)
testing was routinely offered. Baseline random blood glucose
and liver enzymes were routinely performed. Data on patient
demographics, comorbidities, bacteriological status and radio-
logical findings were captured. The treating physicians were
blinded to the IGRA results. The patients were treated and
monitored according to the centre protocol. At least one sputum
specimen for TB culture and DST, and chest radiographs, were
performed at the end of the intensive phase and at treatment
completion. Baseline smear-positive patients underwent repeat
sputum smear examination at completion of the intensive phase.
6-month short-course chemotherapy was the preferred treat-
ment regimen, with the decision to use three or four drugs in the
intensive phase individualised according to disease severity, the
presence of risk factors for TB drug resistance and the patients’
ability to tolerate the medications, as judged by the treating
physician. Patients deemed at high risk for pyrazinamide
hepatotoxicity were generally prescribed a 9-month regimen of
rifampicin and isoniazid, with ethambutol (with or without
streptomycin) in the first 2 months. Directly observed therapy
(DOT) at the patient’s nearest public health clinic is the standard
treatment delivery mode under the national TB programme.
DOT was administered daily during the intensive phase, and
thrice weekly during the continuation phase. Blood was drawn
for the QFT-IT at the end of the intensive phase (time B); and for
both QFT-IT and T-SPOT.TB1 at treatment completion (time C)
and 6 months post-treatment completion (time D). Both assays
were performed at the Tan Tock Seng Hospital Microbiology
Laboratory, a 5-min walk from the TBCU.

T-SPOT.TB1 assay
Blood was collected in dedicated cell preparation tube
vacutainer tubes and sent to the laboratory at room tempera-
ture within 6 h of sampling. The assay was carried out

according to the manufacturer’s instructions. The test result
was considered reactive if either or both of panel A (containing
ESAT-6 antigen) or panel B (containing CFP-10 antigen) had
six or more spots than the negative control and this number
was at least twice the number of spots in the negative control.

QFT-IT assay
Blood was collected into three special heparinised 1 mL tubes;
the ‘‘antigen’’ tube contained TB-specific stimulating antigens
(ESAT-6, CFP-10 and TB7.7), the mitogen (positive control)
tube contained phytohaemaglutinin, the third was a ‘‘nil’’
control tube. The assay was carried out according to the
manufacturer’s instructions. The test was considered positive if
the IFN-c measured in the antigen tube minus the IFN-c
measured in the nil tube was o0.35 IU?mL-1 and was o25% of
the value of the nil tube, and the nil value was f8 IU?mL-1.

Statistical analysis
The analyses were performed using SAS 9.1 and SPSS 17. The
patients’ characteristics were summarised descriptively. The
treatment effect was evaluated through the time effect from the
start of treatment on the qualitative and quantitative IGRA
results. A mixed model was utilised for analysing quantitative
IGRA results, while a generalised estimation equation model
for binary outcome using logic link was utilised for analysing
qualitative IGRA results [25]. Bonferroni adjustment was
applied when multiple comparisons were done, while the
unadjusted p-value was reported. The Chi-squared test was
used to compare the time A to time C qualitative IGRA results
between subjects with and without risk factors for relapse.

RESULTS
We recruited 350 subjects from April 2006 to May 2007. Of these,
286 were sputum culture-positive for M. tuberculosis complex
(MTC). We have reported our comparison of the sensitivities of
the baseline QFT-IT and T-SPOT.TB1 results in 270 patients
from this cohort [26]. For the present analysis, we excluded HIV-
positive patients (n57), those with multidrug-resistant TB (n51)
and those in whom baseline IGRA testing was performed
.14 days after commencing treatment (n53). There were thus
275 subjects in this analysis. 263 (95.6%) patients completed
treatment; the vast majority (95.4%) received DOT. 181 (68.8%)
subjects completed treatment in 6 months and 62 (23.6%) in
9 months. The treatment duration for the remaining 20 patients
ranged from 10 to 20 months. Four patients died (one in the
intensive phase, three in the continuation phase), and eight
permanently defaulted treatment. 32 (12.2%) subjects did not
return for evaluation at time D. A total of 231 subjects therefore
completed the study protocol (fig. 1). The patient and disease
characteristics at baseline are shown in table 1.

Subjects with risk factors for disease relapse
Figure 2 shows the distribution of the 58 patients according to
the presence of risk factor(s) for relapse. 27 (10%) of 272
subjects remained sputum culture-positive at the end of the
intensive phase; all but one had pan-sensitive MTC grown. Of
the 104 patients with body mass index (BMI) ,18.5 kg?m-2 at
baseline, 26 failed to gain weight in the intensive phase.
Twelve subjects had presence of cavity in their end-of-
treatment chest radiograph.

RESPIRATORY INFECTIONS AND TUBERCULOSIS C.B.E. CHEE ET AL.

356 VOLUME 36 NUMBER 2 EUROPEAN RESPIRATORY JOURNAL



IGRA results

Qualitative QFT-IT and T-SPOT.TB1 results

The indeterminate rate for QFT-IT was 2.2% (23 out of 1,040
samples). The failure rate for T-SPOT.TB1 was 0.9% (seven out
of 769 samples). These indeterminate and failed results were
included in the analysis as ‘‘nonpositive’’ test results.

The QFT-IT was positive in 80.4% (221 out of 275), 63.5% (172
out of 271), 43.7% (115 out of 263) and 46.3% (107 out of 231) at
times A, B, C and D respectively; the T-SPOT.TB1 was positive
in 92.4% (254 out of 275), 82.5% (217 out of 263) and 79.2% (183
out of 231) at times A, C and D respectively (fig. 3). The
positivity rates for both IGRAs changed significantly with time
(and therefore treatment) from time A to C (p,0.0001 for both
assays). This time/treatment effect was still significant after
adjustment for age group, sex, race, BMI group, presence of
cavity on chest radiograph, presence of diabetes, and sputum
smear positivity (p,0.0001 for both assays). There was no
significant change in the positivity rates for both assays from
times C to D (p50.66 for QFT-IT, p50.186 for T-SPOT.TB1).
The positivity rate of QFT-IT was significantly lower than that
of the T-SPOT.TB1 at all time-points (p,0.0001).

At treatment completion, 34 (13.9%) of 244 baseline T-
SPOT.TB1-positive subjects and 83 (39.2%) of 212 baseline
QFT-IT-positive subjects reverted their test results. The test
reversion rate was significantly different for the two assays
(McNemar test, p,0.0001). The IGRA status for our subjects at
baseline (time A) and treatment completion (time C) according
to the absence or presence of relapse risk factors is shown in
table 2. The change of qualitative results of both assays
between these two time-points was not significantly different
between subjects with and without risk factors for relapse.

Quantitative QFT-IT and T-SPOT.TB1 results

Pertaining to the QFT-IT assay, the mean IFN-c levels (antigen
minus nil tube) were 4.87, 2.75, 1.95, and 1.60 IU?mL-1 at times
A, B, C and D, respectively (fig. 4a). These levels changed
significantly by time/treatment from time A to C (p,0.0001),
and the time/treatment effect was still significant after
adjustment for age group, sex, race, BMI group, presence of
cavity on chest radiograph, presence of diabetes, and sputum
smear positivity (p,0.0001). The mean IFN- c (antigen minus
nil tube) levels did not change significantly from time C to D
(p50.66). With respect to the T-SPOT.TB1 assay, the mean
IFN-c producing spot-forming cells (SFCs) in response to
ESAT-6 were 41, 16 and 13 SFCs/2.56105 peripheral blood
mononuclear cells (PBMCs), while that to CFP-10 were 50, 38
and 27 SFCs/2.56105 PBMCs at times A, C and D, respectively

64 patients without culture-proven 
disease

Subjects recruited
n=350

Seven HIV-positive, one MDRTB and 
three subjects who had baseline 
IGRA testing >14 days after starting 
treatment

One subject died, two defaulted 
treatment

Three subjects died, six defaulted 
treatment

32 subjects did not return for IGRA 
testing at 6 months post-treatment 
completion

Subjects with culture-positive pTB
n=286

Baseline (time A)
n=275

End of intensive phase (time B)
n=272 (one subject did not 

undergo QFT-IT)

Treatment completion (time C)
n=263

6-months post-treatment 
completion (time D) n=231

FIGURE 1. This chart outlines the flow of participants through the course of the

study, and the number of subjects at each of the study time-points A to D. pTB:

pulmonary tuberculosis; MDRTB: multidrug-resistant tuberculosis; IGRA: interferon-c

release assay; QFT-IT: QuantiFERON-TB1 Gold In-tube.

TABLE 1 Characteristics of subjects at baseline

Age yrs 47.2 (16.5–76.7)

Male 203 (73.8)

Ethnicity

Chinese 186 (67.6)

Malay 65 (23.6)

Indian 14 (5.1)

Others 10 (3.6)

Presence of diabetes mellitus 99 (36.0)

Body mass index kg?m-2 20.1 (12.0–34.5)

Cigarette smoking

Current 115 (41.8)

Ex-smoker 38 (13.8)

Nonsmoker 122 (44.4)

Sputum smear

Positive 210 (76.4)

Negative 63 (22.9)

Missing 2 (0.7)

Sputum MTC drug susceptibility

Pan-sensitive 246 (89.5)

Mono-resistant to isoniazid 6 (2.2)

Mono-resistant to streptomycin 16 (5.8)

Mono-resistant to rifampicin 1 (0.3)

Poly-resistance (excluding MDRTB) 5 (1.8)

DST not done 2 (0.7)

Presence of cavity on initial chest

radiograph

140 (50.9)

Data are presented as mean (range) and n (%), unless otherwise indicated.

MTC: Mycobacterium tuberculosis complex; MDRTB: multidrug-resistant

tuberculosis; DST: drug susceptibility testing. n5275.
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(fig. 4b). The mean responses to both antigens changed
significantly by time (p,0.001), with the time/treatment effect
still significant after adjustment for age group, sex, race, BMI
group, presence of cavity in chest radiograph, presence of
diabetes, and sputum smear results (p,0.0001). There was a
significant overall difference between the mean quantitative
response to ESAT-6 and CFP-10 (p,0.0001). The mean
difference was 12.6 (95% CI 8.38–16.86) SFCs/2.56105 PBMCs.

Kinetics of the quantitative QFT-IT and T-SPOT.TB1 results of
subjects with and without relapse risk factors

The mean IFN-c levels (antigen minus nil tube) measured by the
QFT-IT at times A, B, C and D were 6.11, 3.54, 1.80 and
1.99 IU?mL-1 versus 4.68, 2.57, 1.98, and 1.47 IU?mL-1 in subjects
with and without risk factors for relapse, respectively (fig. 5a).
There was no significant difference in the kinetics of these
responses between the two groups (p50.234). The mean
responses to ESAT-6 at times A, C and D were 45, 15 and 18

SFCs/2.56105 PBMCs versus 39, 16 and 12 SFCs/2.56105

PBMCs in subjects with and without risk factors for relapse,
respectively (fig. 5b). There was no significant difference in the
kinetics of these responses between the two groups (p50.320).
The mean responses to CFP-10 at times A, C and D were 47, 39
and 26 SFCs/2.56105 PBMCs versus 51, 38 and 28 SFCs/2.56105

PBMCs in subjects with and without risk factors for relapse,
respectively (fig. 5c). There was no significant difference in the
kinetics of these responses between the two groups (p50.792).

DISCUSSION
We found significant declines in the qualitative and quantitative
results of both IGRAs with TB treatment. There was a significant
difference in the test reversion rate for the two assays (13.9% for
T-SPOT.TB1 versus 39.2% for QFT-IT). There was no significant

Positive sputum TB culture
at 2 months

Underweight
subjects with

lack of weight gain
during intensive 

phase

Presence of cavity
on end-of-treatment 

chest radiograph

20

1021 0

0
25

FIGURE 2. Venn diagram showing the distribution of the 58 subjects

according to risk factor(s) associated with relapse of tubeculosis (TB) disease.
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FIGURE 3. Percentage positivity of the interferon-c release assays (IGRAs),

T-SPOT.TB1 and QuantiFERON-TB1 Gold In-tube (QFT-IT) assays at the study

time-points. The QFT-IT and T-SPOT.TB1 positivity rates declined significantly from

baseline to treatment completion (time A to C) (p,0.0001), but not from time C to D

(p50.66 (") for QFT-IT; p50.186 (#) for T-SPOT.TB1). h: T-SPOT.TB1; &: QFT-IT.

TABLE 2 Time A to time C qualitative interferon-c release assay results in subjects and without risk factors for disease relapse

Subjects Total Risk group Nonrisk group p-value

Total subjects 263 58 205

T-SPOT.TB1

Baseline positive 244 Positive to negative n534 11 (19.0) 23 (11.2)

Positive to positive n5210 43 (74.1) 167 (81.5) p50.439

Baseline negative 19 Negative to positive n57 1 (1.7) 6 (2.9)

Negative to negative n512 3 (5.2) 9 (4.4)

QFT-IT

Baseline positive 212 Positive to negative n5102 19 (32.8) 83 (40.5)

Positive to positive n5110 26 (44.2) 84 (41.0) p50.347

Baseline negative 51 Negative to positive n55 0 (0) 5 (2.4)

Negative to negative n546 13 (22.4) 33 (16.1)

Data are presented as n or n (%), unless otherwise indicated. QFT-IT: QuantiFERON-TB1 Gold In-tube.
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change in the positivity rates of both assays from treatment
completion to 6 months thereafter, with 79% and 46% subjects
testing T-SPOT.TB1-positive and QFT-IT-positive, respectively,
at this time-point. The quantitative responses as measured by
the T-SPOT.TB1 (particularly that to CFP-10) declined further
after treatment completion. The kinetics of these quantitative
responses in subjects with and without risk factors for disease
relapse was not significantly different.

Our findings are consistent with those of previous smaller
studies on either IGRA. The present study adds to the literature
as it has, to our knowledge, the largest treatment cohort of

culture-proven TB patients in whom longitudinal testing with
either of the commercial IGRAs has been reported, and is the
first to compare the effect of active TB treatment on the T-
SPOT.TB1 and QFT-IT in a head-to-head manner. The 44% QFT-
IT positivity rate of our subjects at treatment completion concurs
with the 48% QFT positivity rates at 6 months of treatment
reported by KOBASHI et al. [18] and KATIYAR et al. [19]. Our 13.9%
T-SPOT.TB1 reversion rate is marginally higher than the 10%
reversion rate reported by RIBEIRO et al. [17]. The discrepancy in
the test reversion rates and significantly lower positivity rate of
the QFT-IT compared with the T-SPOT.TB1 in our study is
consistent with the lower sensitivity of the QFT-G/QFT-IT
versus that of the T-SPOT.TB1 reported in other head-to-head
studies [27–29]. This may, in part, be attributed to the different
manufacturers’ choice of threshold values for positivity for the
assays, which are primarily for LTBI detection. Using these cut-
offs, a substantial proportion of our treated subjects remained
IGRA-positive, especially with the T-SPOT.TB1. Our study
shows that qualitative IGRA results as interpreted according to
the manufacturers’ criteria would not be helpful for treatment
monitoring, and that isolated positive test results cannot be
interpreted meaningfully in previously treated TB patients. It
has been suggested that persistently positive T-cell responses
post-treatment may reflect on-going exposure to M. tuberculosis
in the community [20]. While this may occur in high TB burden
countries, Singapore’s medium TB incidence rate of 35 out of
100,000 in 2006 and 2007 [30] would make this an unlikely
explanation for our findings.

We previously showed, using the T-SPOT.TB1 assay in TB
contacts, that the number of IFN-c producing T-cells in response
to CFP-10, but not that to ESAT-6 fell significantly with LTBI
treatment [31]. This present study showed significant declines in
T-cell responses to both ESAT-6 and CFP-10 with active TB
treatment. The overall quantitative responses to CFP-10 were
significantly higher than those to ESAT-6, a similar finding to
that in our TB contacts pre- and post-LTBI treatment. However,
we observed a difference in the pattern of decline in the
responses to these two antigens. The quantitative responses to
CFP-10 demonstrated a steady decline from time A to time D,
while that to ESAT-6 demonstrated a sharper decline from time
A to time C, followed by a smaller degree of decline between
time C and time D. The pattern of decline seen with the response
to ESAT-6 appeared to parallel that of the QFT-IT assay.

There is a pressing need for new tools to supplement sputum
examination for the monitoring of TB treatment and the
identification of patients at risk for poor treatment outcomes
and relapse. Positive sputum cultures at 2 months (i.e. end of
intensive phase) is a known risk factor for relapse or treatment
failure [21, 22], and 2-month sputum bacteriological nonconver-
sion is used as a surrogate marker for relapse and a standard end-
point in clinical trials evaluating new TB drug regimens. The
utility of sputum TB cultures in the clinical and research arena is
however limited by the time-lag of several weeks for result
availability, and the difficulty in obtaining sputum specimens as
patients’ cough symptoms subside with TB treatment. More
recently, it was shown that lack of weight gain of .5% in the
intensive phase in those who were underweight at baseline and
presence of cavity in the end-of-treatment chest radiograph were
independently associated with relapse risk [23, 24]. The notion
that serial tracking of quantitative IGRA results could reflect
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FIGURE 4. a) The mean interferon (IFN)-c levels (antigen minus nil tube)

(IU?mL-1) measured by the QuantiFERON-TB1 Gold In-tube (QFT-IT) assay were

4.87, 2.75, 1.95, and 1.60 IU?mL-1 at times A, B, C and D, respectively. These levels

declined significantly from time A to C (p,0.0001), but not from time C to D

(p50.66). b) The mean IFN-c producing spot-forming cells (SFCs) in response to

early secreted antigen target (ESAT)-6 as measured by the T-SPOT.TB1 assay were

41, 16 and 13 SFCs/2.56105 peripheral blood mononuclear cells (PBMCs) at times

A, C and D, respectively. The mean responses to culture filtrate protein (CFP)-10

were 50, 38 and 27 SFCs/2.56105 PBMCs at times A, C and D, respectively. The

responses to ESAT-6 and CFP-10 both declined significantly from time A to D

(p,0.001). There was a significant difference between the overall mean quantitative

responses to ESAT-6 and CFP-10 (p,0.0001). $: ESAT-6; &: CFP-10.

C.B.E. CHEE ET AL. RESPIRATORY INFECTIONS AND TUBERCULOSIS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 36 NUMBER 2 359



treatment response or identify those at risk for poor treatment
outcomes is attractive. This study showed significant declines
in IFN-c levels and IFN- c producing RD-1-specific T-cells with
treatment, supporting the hypothesis that these quantitative
responses reflect disease activity. KATIYAR et al. [19] demon-
strated that QFT-IT responses at 2 months of treatment
significantly predicted the likelihood of remaining sputum
culture-positive at the end of the intensive phase of treatment,
suggesting the potential of these responses as treatment-
monitoring tools. Our study failed to show any significant
difference between the kinetics of the quantitative T-cell
responses as measured by either of the assays between subjects
with and without independent risk factors predictive of disease
relapse. Interestingly, however, we found small, nonsignificant
increases in the IFN-c levels measured by the QFT-IT and the
number of SFCs in response to ESAT-6 at 6 months post-
treatment completion compared with end-of-treatment in
subjects with risk factors for relapse. The importance, if any,
of this finding remains to be further elucidated.

The strengths of this study are the relatively large cohort of
culture-proven TB patients, the assurance of treatment adherence
(the vast majority received DOT), the high (95%) treatment

completion rate, and low (16%) drop-out rate of subjects over the
study period. There were several study limitations. Funding
constraints did not allow us to perform the T-SPOT.TB1 at the end
of the intensive phase. However, as our T-SPOT.TB1 positivity
rate declined from 91% to 79% at treatment completion (versus
80% to 44% for the QFT-IT), it is unlikely that there would have
been a significant difference in the T-SPOT.TB1 positivity rate at
the end of the intensive phase compared to baseline. Due to
financial constraints, most patients had only one sputum TB
culture performed at the end of the intensive phase. Our 10%
sputum nonconversion rate at this time-point is therefore likely to
be an underestimation. Treatment regimens were also not strictly
standardised, although standard short-course regimens were
used in the majority, and 69% of our patients completed treatment
in six months. Our study design was such that IGRA testing was
performed at treatment completion, regardless of the duration of
treatment, and not at pre-determined time-points (e.g. 6 months).
We were thus unable to compare the IGRA results of those who
responded well to treatment versus those who did not (and who
consequently required treatment extension beyond the standard
6 months). Our cohort size was also insufficiently powered to
study actual patient relapses, hence markers independently
associated with relapse risk were used in our analysis.
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FIGURE 5. a) The mean interferon (IFN)-c levels (antigen minus nil tube)

measured by the QuantiFERON-TB1 Gold In-tube (QFT-IT) assay at times A, B, C

and D were 6.11, 3.54, 1.80 and 1.99 IU?mL-1 versus 4.68, 2.57, 1.98, and

1.47 IU?mL-1 in subjects with and without risk factors for relapse, respectively. There

was no significant difference in the kinetics of these responses between the two

groups (p50.256). b) The mean responses to early secreted antigen target

(ESAT)-6 at times A, C and D were 45, 15 and 18 spot-forming cells (SFCs)/

2.56105 peripheral blood mononuclear cells (PBMCs) versus 39, 16 and 12 SFCs/

2.56105 PBMCs in subjects with and without risk factors for relapse, respectively.

There was no significant difference in the kinetics of these responses between the

two groups (p50.320). c) The mean responses to culture filtrate protein (CFP)-10 at

times A, C and D were 47, 39 and 26 SFCs/2.56105 PBMCs versus 51, 38 and 28

SFCs/2.56105 PBMCs in subjects with and without risk factors for relapse,

respectively. There was no significant difference in the kinetics of these responses

between the two groups (p50.792). Data are presented as mean¡confidence

interval. $: nonrisk; &: risk.
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In conclusion, this study demonstrates the effect of TB treatment
on T-cell IFN-c responses to M. tuberculosis-specific antigens as
measured in a head-to-head manner with the QFT-IT and
T-SPOT.TB1 assays. We found significant declines in the qualita-
tive and quantitative results of both IGRAs, with a significant
difference in the positivity rates and test reversion rates between
the assays. A substantial proportion of patients were still test-
positive, especially with the T-SPOT.TB1, at 6 months post-
treatment completion. The kinetics of the quantitative T-cell
responses was not significantly different between subjects with
and without risk factors for disease relapse. Although our findings
suggest that qualitative IGRA results as interpreted according to
the manufacturers’ criteria are not useful for treatment monitor-
ing, the utility of serial quantitative T-cell responses as treatment
monitoring tools may merit further evaluation.
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