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Introduction

It has been suggested that blood assays measur-
ing interferon-γ (INF-γ) production by lymphocytes
exposed to specific Mycobacterium Tuberculosis
(MTB) antigens may be useful in monitoring the ef-
ficacy of anti-tuberculosis therapy, but studies have
provided conflicting results [1]. Some studies have
shown that interferon-γ response to ESAT-6 de-
creased more or less consistently during treatment
in patients with active tuberculosis [2-4], while oth-
ers have suggested that treatment could result either
in increases [5-9] or in insignificant changes [10-
14], with both T-Spot and Quanti-FERON©-TB as-
says used for the study of INF-γ release.

The aim of our study was to investigate the ef-
fect of tuberculosis treatment on INF-γ response
using Quanti-FERON©-TB Gold in tube (QFT-
GIT) in a randomly selected cohort of subjects
with pulmonary tuberculosis undergoing anti-tu-
berculosis therapy.

Methods

Sequential randomisation was used to select
250 subjects among the new pulmonary TB cases
diagnosed between 2006-2009 in the two main TB

clinics in Turin, Italy. The study protocol was ap-
proved by the Turin-north ethics committee. Prin-
cipal inclusion criteria were:
1) Pulmonary tuberculosis cases (excluding those

with extra-pulmonary localisations) living in
the Turin city area.

2) No previous anti-tuberculosis treatment.
3) Age: >18 and <70 years old.
4) Absence of HIV/AIDS or other severe comor-

bidity (e.g. cancer, DIMID) potentially affect-
ing the degree of immune response.

5) The subject’s informed consent.
Diagnosis of tuberculosis was consistent with

WHO and IUATLD recommendations [15, 16]:
• Clinical picture consistent with tuberculosis;

bacteriologic confirmation (culture, gene probe/
NAA ± AFB smear); histological findings or

• Clinical picture consistent with tuberculosis;
exclusion of other diagnostic considerations;
typical response to antituberculosis treatment,
quinolones excluded, and in the absence of
other treatment.
Subjects were classified according to microbi-

ological status before treatment as: acid-fast bacil-
lus (AFB) positive and culture positive (A+C+),
AFB negative and culture positive (A-C+) and
AFB negative and culture negative (A-C-).
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Background and Aim. Monitoring the efficacy of anti-
tuberculosis therapy is crucial. The aim of this work is to
investigate the effect of tuberculosis treatment on interfer-
on-γ response using Quanti-FERON©-TB Gold in tube
(QFT-GIT).

Methods. A total of 216 new pulmonary tuberculosis
(TB) cases were tested with QFT-GIT at the start of the
treatment and, randomly, once or twice between 90 and
180 days afterwards. Data was analysed using the random
effect regression model analysis.

Results. 63.4% of patients were positive at the QFT-
GIT (>.35 UI cut-off). TB cases showed a significant log-
linear increase in interferon-γ (IFN-γ) concentration, over
time of treatment: IFN-γ concentration increased by 78%
after 6 months of treatment in acid-fast bacilli positive (A)
and culture negative cases in culture confirmed cases the
increase was 43% if A+ and 20% in A-.

Conclusions. Effective therapy seems to restore cellu-
lar responses to Mycobacterium tuberculosis antigens.
The potential use of interferon gamma release assay
(IGRA) in monitoring response to TB treatment is ham-
pered by the presence of active mycobacterial replication
at baseline and needs further evaluation.
Monaldi Arch Chest Dis 2011; 75: 4, 215-219.
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Table 1. - Main characteristics of the study population

Bacteriological Age (years) Gender (Males) Foreign born Number of subjects
category Mean ± SD N and % N and % N

A-C- 40.44 ± 3.08 56 (49.1%) 74 (64.9%) 114

A-C+ 45.73 ± 5.58 20 (45%) 22 (55%) 40

A+C+ 35.07 ± 3.56 35 (56.5%) 46 (74.2%) 62

Total 39.88 ± 3.68 111 (51.3%) 142 (65.7%) 216

A = Acid - fast bacilli, C = culture, m = mean, sd = standard deviation.

The QFT-GIT assay was performed according
to the manifacture’s guidelines and calculations
were carried out using the software provided by
the firm (v2.5). Positive or negative tests are de-
fined using a cut-off of 0.35 IU/ml, following the
manufacturer’s recommendations. Data was re-
ported in IU/ml and ln-transformed.

All subjects were tested with QFT-GIT at base-
line and randomly (median 3 times per subject) be-
tween 90 and 180 days after standard treatment
(2RHZ(E) +4RH) started (mean 169 days +/-40).
The randomisation was performed by generating at
each visit a random integer number between 1 and
3 and performing the test when the number was
equal to 1.

Statistical analysis was performed as follows.
Linear mixed effect models were fitted to the ln
(QFT-GIT) values assuming they were approxi-
mately log-normally distributed. Residual plots
from the fitted models showed this assumption
was valid. Occasions of measurements were used
as time variables.

In all models, main potential confounders (age,
sex, migration) and case definition based on bacteri-
ologic results (A-C-, A-C+, A+C+), months of treat-
ment (time) and their interaction with confounders
were considered as predictors. Following the Akaiki
criteria, not significant confounders (at the p<0,05
level) were excluded, retaining case definition, time
and their interaction in all models [17].

Results

Of the 250 patients recruited, 34 were lost to
follow up: 6 died and the others were transferred to
other centres before completing two months of
treatment. They were excluded from the analysis.
Their mean age was 38 years old; 15 were born
abroad, but living in Italy, 15 were AFB negative
and culture negative (A-C-), 7 were AFB negative
and culture positive (A-C+), and 7 were AFB pos-
itive and culture positive (A+C+).

Of the 216 eligible subjects who completed the
standard six-month treatment (2RHZE+4RH), 114
were A-C-, 40 A-C+ and 62 A+C+; 12 of the cul-
ture positive (C+) subjects remained culture posi-
tive after 3 months and were re-treated with sec-
ond line drugs following sensitivity test; 6 of these
remained positive also at six months and were con-
sidered treatment failures.

Table 1 reports the main characteristics of the
216 subjects studied.

At the baseline test, 137 (63.4%) subjects were
QFT-GIT positive (>0.35 IU/ml), specifically 67
(58.8%) of the 114 A-C-, 29 (72.5%) of the 40 A-
C+, and 41 (66.1%) of the 62 A+C+, with no sta-
tistically significant differences between groups.
No QFT-GIT indeterminate result was observed.

A comparison of the baseline (table 2) quanti-
tative measurements within the three study groups
did not reveal any significant differences both with
parametric and non parametric tests.

Regarding the transition probabilities over
time of positive/negative QFT-GIT using the 0.35
threshold value, 37.4% of the 79 baseline negative
subjects became positive (34% of A-C-, 41% of A-
C+ and A+C+) and 11.6% of the 137 baseline pos-
itive subjects became negative (9.9% of A-C-,
15.6% of A-C+ and 11.6% of A+C+). Despite the
high reversion and conversion rates, the proportion
of conversions was higher than that of reversions
in all the 3 bacteriological classes.

The results of random effect linear models are
reported in table 3.

Age and migration status had a significant ef-
fect: mean INF-γ concentration was 25-fold higher
in foreigners than in Italian born subjects and it in-
creased with age (1% for each year). However, no
significant interaction of these variables with
length of treatment (in months) was detected. INF-
γ concentration increased significantly over base-
line values with length of treatment in A-C-(10%
per month), but less in C+ with a 3% monthly in-
crease in A-and 6% in A+.

Cumulative estimated INF-γ increase versus
baseline at month 6 of treatment was 78% in A-C-
, 20% in A-C+ and 43% in A+C+. The differences
between the 3 bacteriological categories were not
statistically significant at the 5% level either as
mean values or changes over time.

Figure 1 reports the estimate QFT-GIT in-
crease by month of treatment for the 3 bacterio-
logical categories.

The figure shows overlay line plots of INF-γ
concentration by month of treatment in loge: start-
ing at the lower basal level, after 6 months of treat-
ment INF-γ concentration for A-C-becomes simi-
lar to that of A-C+.

In the six subjects who failed to respond to
treatment (failures), all with QFT-GIT>0.35
IU/ml, INF-γ concentration remained substantially
unchanged during treatment and all remained pos-
itive. Although no formal unbiased statistical test
could be performed, due to the small number of
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subjects, no significant differences were detected
in these subjects in comparison with the A+C+
whole group (p=.56).

Discussion

The main result of our study is that at the be-
ginning of treatment INF-γ concentration, as mea-
sured by QFT-GIT assay, depends on the bacterio-
logical status (AFB and culture positive or not)
and shows a log-linear increases during treatment
in all subjects, although the increase was higher in
subjects with a lower INF-γ concentration at base-
line.

Considering baseline test results, the sensitivi-
ty of the test (using the 0.35 UI/ml cut-off) is low,
in accordance with other studies [18-21].

Cellular response to mycobacterial antigens, as
measured by QFT-GIT, was significantly improved
after chemotherapy and the effect seemed to be log-
linear during treatment. A previous study [7]
showed that after 2 months of treatment T-cells
proliferation response was restored to the same lev-
el as 6 months after, without a linear relationship:

however, this study was based on only 15 patients.
Our study performed on a significantly larger num-
ber of individuals and the method of data collection
(random assignation to the month of assay) and sta-
tistical analysis (random effect model) allowed a
more accurate estimation of changes over time.

In accordance with other studies that have
shown how cellular immune response to MTB in-
creases with the length of anti-tuberculosis therapy
[22], our data is consistent with this observation
and is confirmed using MTB specific antigens in-
stead of intact, non-specific MTB antigens. The
restoration of the cellular response in TB patients
receiving chemotherapy could be attributed to the
increase in the proportion of peripheral CD4+ T
cell INF-γ producing or to increase of cell respon-
siveness [23]. According to this hypothesis, other
studies have shown that CD4+ T cells responsive
to a large array of MTB epitopes are compartmen-
talised at the site of the disease, appearing in the
peripheral blood after effective chemotherapy
which reverses the state of relative hypoanergy
usually observed in these patients [24, 25]. Other
contributing factors in the restoration of cellular
response could be the shift in cytokine production
by mononuclear blood cells [7, 10, 26].

Our findings are apparently in contrast with
previous studies which show a significant INF-γ
decrease with treatment [3, 27]. However, the de-
crease in specific T-cells is probably effectively
contrasted by the short term cellular restoration,
but the short length of our study does not allow
further observations on this issue [28].

Another limitation of our study was the lack of
T-cell measurement: however, only a minority of
studies relied on cellular assessment, showing a
firm correlation between mononuclear blood cell
count and INF-γ concentration [7].

In conclusion, our results suggest that effective
anti-mycobacterial therapy could restore cellular
response to MTB antigens, particularly in patients
with a low bacterial load; inter-individual variabil-
ity of the INF-γ kinetic could explain to some ex-

Table 2. - Baseline IFG-γ measurement in IU/ml, by
bacteriological category

Bacteriological Arithmetic Geometric

category IU/ml Exp(ln(IU/ml))
Mean ± SD Mean ± SD

A-C- 3.24 ± 4.15 0.94 ± 6.60

A-C+ 5.13 ± 9.88 1.26 ± 7.26

A+C+ 3.95 ± 5.41 1.19 ± 6.67

Total 3.81 ± 6.01 1.06 ± 6.74

ANOVA Test for geometric means: F = 1.01, p = .3638.
Median test: Pearson χ2(2) = 0.6535 Pr = 0.721.
A = Acid - fast bacilli, C = culture, m = mean, sd = standard
deviation.

Table 3. - Random Linear intercept effect model results using Ln-QFT-GIT as dependent and bacteriological
categories (between), months of treatment (within) and their interaction as predictors, controlling for age standardized
((age-mean)/sd), sex and BCG status

Effect level Predictors Coef. B [95% Conf. Interval] P>z Exp(B)on Ln-QFT-GIT

Between A-C+ 0.48 0.35 1.38 0.168 1.61
A+C+ 0.43 0.30 1.42 0.155 1.53

Within Month of tr. 0.10 0.03 3.75 0.000 1.10

Interactions (A-C+)
*month -0.07 0.05 -1.31 0.191 0.94

(A+C+)
*month -0.04 0.04 -0.88 0.377 0.96

Constant -0.35 0.18 -1.97 0.049 0.71

Between: differences among subjects; within: changes with month of treatment by bacteriological status (A-C-as reference).
A = Acid - fast bacilli, C = culture.
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tent conflicting results previously reported in liter-
ature, especially in studies based on very small
sample size.

Finally, considering the low sensitivity and
specificity versus the disease [1, 18-20], also evi-
dent from our results, and the well-known limita-
tions of serial testing [29, 30], confirmed by the
high reversion and conversion rates during treat-
ment, the potential use of QFT-GIT as a tool for
monitoring the response in the course of treatment
appears to be limited.
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