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Few studies have correlated the results of interferon (gamma interferon) release assays (IGRAs) with known markers of tubercu-
losis (TB) treatment response. We report the results of serial QuantiFERON-TB gold in-tube assay (QFT) testing on 149 patients
with active tuberculosis and correlate the results with smear and culture conversion. We show that QFT results do not offer
much value for treatment monitoring of TB disease.

The QuantiFERON-TB gold in-tube assay (QFT) (Cellestis/
Qiagen, Australia) is increasingly being utilized in the diagno-

sis of latent tuberculosis (TB) infection (LTBI). However, the use
of interferon (gamma interferon [IFN-�]) release assays (IGRAs)
for other indications is debated. Can IGRAs be used to monitor
the response to treatment of active TB? Some reports have sug-
gested that IFN-� responses decline with decreasing antigenic
load during treatment (1–3). Most of these studies have included
small numbers of patients in countries where TB is endemic, and
few have tried to correlate changes in IFN-� responses with estab-
lished, albeit imperfect, markers of treatment response in pulmo-
nary TB (i.e., smear and culture conversion to negativity) (2, 4).

We evaluated 172 patients with active TB at different health
centers in Montreal, Canada. The patients received treatment ac-
cording to the recommendations of the Canadian Tuberculosis
Standards (5). Directly observed therapy (DOT) was left to the
discretion of the treating physician. QFT was done at the time of
diagnosis, after 2 months, and at the end of treatment (between 6
to 9 months for most patients). The study was approved by the
institutional review board of McGill University. We performed all
QFT testing per the manufacturer’s instructions in one labora-
tory. We evaluated QFT reversion and conversion rates using the
manufacturers’ definition (i.e., change from negative to positive
and vice versa with a cutoff IFN-� of �0.35 IU/ml). We assessed
whether QFT reversion or a decline in quantitative IFN-� results
after 2 months of treatment was associated with smear or culture
conversion to negativity after 2 months of treatment.

We performed all analyses with Stata, version 12 (Stata Corp.,
TX). We excluded 2 participants with indeterminate results and
21 participants without QFT results pretreatment from further
analysis. Because the distribution of IFN-� values in the individual
groups was not normal, we used nonparametric tests (Kruskal-
Wallis test) to assess the difference between median IFN-� levels
between different groups of patients (based on smear and culture
status). Differences in the quantitative IFN-� results at baseline,
after 2 months of treatment, and at the end of treatment were
compared using a Wilcoxon signed rank test to account for paired
data. Logistic regression was used to assess the association of QFT
results as a qualitative variable (positive/negative) with culture or
smear results after 2 months of treatment after adjustment for
other covariates.

The mean age of the patients was 37 years (range, 3 to 82 years),
and 59% of patients were male. Most patients (93%) were foreign-
born and came from countries with a high prevalence of TB. The
age at immigration on average was 22 years. Almost 15% of all
cases had some form of immunosuppression (i.e., HIV, therapy
with steroids, malignancy, or diabetes). Of the active TB cases, 128
(86%) were pulmonary, and 20 (14%) were extrapulmonary (pre-
dominantly lymph node disease). Pulmonary disease was culture
confirmed in all but 4 cases and smear positive in 48 (38%) of the
cases. Two cases of the 149 patients were multidrug-resistant TB.
Adherence to treatment was good except for one patient, who was
recorded to have only 75% adherence.

As shown in Fig. 1, at diagnosis (before treatment), 133 of 149
patients (89%; 95% confidence interval [95% CI], 83% to 94%)
with valid pretreatment results were QFT positive. After 2 months
of treatment, 125 of 144 (87%; 95% CI, 80% to 92%) patients were
QFT positive, and at the end of treatment, 108 of 134 (81%; 95%
CI, 73% to 87%) were QFT positive. Overall, only 17 out of 133
patients (13%; 95% CI, 8% to 20%) with positive QFT results at
diagnosis reverted to negative by the end of treatment (Fig. 1). The
median IFN-� value at the time of diagnosis was significantly
higher in the patients who stayed QFT positive (i.e., a stable pos-
itive pattern) (9.0 IU/ml; interquartile range [IQR], 4.3 to 9.8)
compared to the patients who revert (1.5 IU/ml; IQR, 0.9 to 2.7)
(P � 0.001).

Of the 128 pulmonary TB patients, 35 of 40 (88%) smear-
positive patients at diagnosis became smear negative, and 84 of 97
(87%) initially culture-positive patients became culture negative
after 2 months of treatment (8 smear-positive and 27 culture-
positive patients were unable to produce a sputum sample at di-
agnosis). There was no evidence that patients who remained
smear or culture positive were more likely to have a positive QFT
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result after 2 months of treatment (Table 1). In addition, there was
no difference in the quantitative IFN-� response after 2 months in
patients whose smear and culture results converted to negative
and those who did not (Table 1). No other variable (i.e., age, sex,
immunocompromised status) was significantly associated with
smear or culture conversion after 2 months of treatment. No
treatment failures were diagnosed at the end of therapy; therefore,
no analysis of correlates with the final treatment outcome was
possible.

There was a significant difference in the IFN-� value at the time
of diagnosis compared to the measurement after 2 months of
treatment and at the end of treatment (median IFN-� at diagnosis,
6.94 IU/ml [IQR, 1.45 to 9.72 IU/ml] compared to 3.7 IU/ml
[IQR, 0.9 to 9.43 IU/ml] after 2 months of treatment and 2.19
IU/ml [IQR, 0.52 to 8.19 IU/ml] at the end of therapy; P � 0.001).

However, the absolute change in the IFN-� value over the first 2
months was not different between the patients who remained
smear or culture positive and those who converted to a negative
result. There was also no difference in the IFN-� values measured
at different time points for patients who had drug-resistant or
drug-sensitive TB or for immunocompromised and immuno-
competent patients (data not shown).

Overall, we observed a large variability of sequential IFN-�
measurements within individual persons independent of whether
the culture results for the patients converted, as graphically shown
in Fig. 2. The IFN-� response declined on the whole, but substan-
tial fluctuations were present, and a majority of patients remained
QFT positive by the end of treatment.

Sputum smear and culture results after 2 months of treatment
are currently the only tools for monitoring TB treatment response.

FIG 1 QFT categories for patients with active TB over time. Flow chart of QFT results of patients with active TB and available QFT measurement at the time of
diagnosis. The numbers of patients are shown. Conversion and reversion were defined per the manufacturer’s cutoff values.

TABLE 1 QFT categories and IFN-� results stratified by sputum smear and culture results after 2 months of treatmenta

Test result after
2 mo of
treatment

At diagnosis After 2 mo of treatment

No. of QFT-positive
patients/total no. of
patients (%)

Odds ratio
(95% CI) for
QFT positiveb

Median IFN-�
value (IU/ml)
(IQR)c

No. of QFT-positive
patients/total
no. of patients (%)

Odds ratio
(95% CI) for
QFT positive

Median IFN-�
value (IU/ml)
(IQR)

Smear
Negative 31/33 (94) 1.6 (0.1, 40) 9.5 (2.2, 9.8) 30/33 (91) 2.5 (0.2, 30) 4.9 (1.2, 9.2)d

Positive 5/5 (100) 4.3 (1.1, 4.7) 4/5 (80) 2.6 (0.7, 3.7)

Culture
Negative 46/52 (89) 0.6 (0.03, 13) 8.2 (1.8, 9.7) 43/52 (83) 0.96 (0.1,

9.2)
3.6 (0.9, 8.5)e

Positive 6/6 (100) 9.0 (1.0, 9.9) 5/6 (83) 9.8 (1.2, 9.9)
a Patients were either smear positive or culture positive (and smear negative) at the time of diagnosis. Qualitative QFT and quantitative IFN-� results are reported stratified by
smear or culture result after 2 months of treatment. Abbreviations: QFT, QuantiFERON-TB gold in-tube assay; IFN-�, gamma interferon; 95% CI, 95% confidence interval; IQR,
interquartile range.
b Odds ratio of a positive QFT result with respect to a smear/culture status after 2 months of treatment. In order to calculate the odds ratio, 0 in 2-by-2 table was replaced with 0.5.
c The median IFN-� value is shown in international units per milliliter. The interquartile ranges are shown in parentheses.
d The median IFN-� values for smear-negative and smear-positive patients after 2 months of treatment were nonsignificantly different (P � 0.68) by the Kruskal-Wallis test.
e The median IFN-� values for culture-negative and culture-positive patients after 2 months of treatment were nonsignificantly different (P � 0.16) by the Kruskal-Wallis test.
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Early studies suggested that IGRAs may have some promise as an
alternative for TB monitoring, because IFN-� responses are asso-
ciated with mycobacterial antigenic load, which declines with
treatment (6, 7). However, to date, only one study was able to
relate the trajectory of the IGRA response to a treatment outcome
that is relevant to the patient (i.e., smear conversion), while three
others have not been able to confirm this association (1, 2, 4).

Our study showed that a large proportion of patients remained
QFT positive even at the completion of treatment. This propor-
tion is higher than those in prior studies, which could be due to
differences in the test procedure, timing of measurement, or un-
derlying genetic differences in the patients (1–3). Furthermore,
changes in categorical QFT results or IFN-� levels in our study
were not associated with smear and culture conversion to negative
results, reinforcing the lack of utility for treatment monitoring. A
nonsignificantly higher IFN-� response in patients, whose smear
results converted (to negative result), could be postulated to be
due to an improvement in immune response.

We also found substantial within-subject variability in sequen-
tial measurements. This within-subject variability has been re-
ported in serial testing of health care workers (8); however, the
driving forces are not well characterized (9, 10). The variation
occurred despite all patients getting adequate therapy and having
nearly 100% adherence. Exogenous factors that contribute to
within-subject variability might include incubation time, contam-
ination with other antigens, different test operators, or other an-
alytical inconsistencies. Endogenous factors might include anti-
gen burden, cumulative TB exposure, time interval from
exposure, clearance of infection (spontaneous or due to therapy),
recent tuberculin skin testing (TST), concomitant infections,
medications, or other unknown factors (9, 11, 12).

Overall, QFT results and IFN-� patterns do not seem to offer
much value for monitoring of TB treatment, and substantial with-
in-subject variability during serial testing further complicates the
use and interpretation of repeated IGRA testing.
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