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IP-10 response to RD1 antigens might be a useful
biomarker for monitoring tuberculosis therapy
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Abstract

Background: There is an urgent need of prognosis markers for tuberculosis (TB) to improve treatment strategies.
The results of several studies show that the Interferon (IFN)-g-specific response to the TB antigens of the
QuantiFERON TB Gold (QFT-IT antigens) decreases after successful TB therapy. The objective of this study was to
evaluate whether there are factors other than IFN-g [such as IFN-g inducible protein (IP)-10 which has also been
associated with TB] in response to QFT-IT antigens that can be used as biomarkers for monitoring TB treatment.

Methods: In this exploratory study we assessed the changes in IP-10 secretion in response to QFT-IT antigens and
RD1 peptides selected by computational analysis in 17 patients with active TB at the time of diagnosis and after 6
months of treatment. The IFN-g response to QFT-IT antigens and RD1 selected peptides was evaluated as a control.
A non-parametric Wilcoxon signed-rank test for paired comparisons was used to compare the continuous variables
at the time of diagnosis and at therapy completion. A Chi-square test was used to compare proportions.

Results: We did not observe significant IP-10 changes in whole blood from either NIL or QFT-IT antigen tubes,
after 1-day stimulation, between baseline and therapy completion (p = 0.08 and p = 0.7 respectively). Conversely,
the level of IP-10 release to RD1 selected peptides was significantly different (p = 0.006). Similar results were
obtained when we detected the IFN-g in response to the QFT-IT antigens (p = 0.06) and RD1 selected peptides (p
= 0.0003). The proportion of the IP-10 responders to the QFT-IT antigens did not significantly change between
baseline and therapy completion (p = 0.6), whereas it significantly changed in response to RD1 selected peptides
(p = 0.002). The proportion of IFN-g responders between baseline and therapy completion was not significant for
QFT-IT antigens (p = 0.2), whereas it was significant for the RD1 selected peptides (p = 0.002), confirming previous
observations.

Conclusions: Our preliminary study provides an interesting hypothesis: IP-10 response to RD1 selected peptides
(similar to IFN-g) might be a useful biomarker for monitoring therapy efficacy in patients with active TB. However,
further studies in larger cohorts are needed to confirm the consistency of these study results.

Background
The T cell-based assays using region of difference (RD)1
antigens, such as early secreted antigenic target, 6 kDa
(ESAT-6), and culture filtrate protein, and 10 kDa (CFP-
10), have an evolving niche in detecting Mycobacterium
tuberculosis infection. The RD1 sequence is missing
from M. bovis Bacille Calmette-Guerin (BCG), and this
omission makes these antigens more specific for M.
tuberculosis infection diagnosis than the purified protein

derivative (PPD) [1-3]. The two RD1 antigens, ESAT-6
and CFP-10, have been shown to induce strong Inter-
feron (IFN)-g response during short term incubation in
vitro [3,4]. Based on this principle, there are two com-
mercial kits available for diagnosing tuberculosis (TB)
infection, the QuantiFERON-TB GOLD In-Tube®

(QFT-IT) (Cellestis Ltd., Carnegie, Australia) and T-
SPOT.TB® (Oxford Immunotec, Abingdon, UK). The
performance of these assays is extensively reviewed [5-8]
indicating that they are at least as sensitive as the tuber-
culin skin test (TST) in detecting latent TB infection
(LTBI) and active TB cases.
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Animal and human studies have shown a relationship
between the magnitude of IFN-g responses and myco-
bacterial bacillary load [9,10]. It has, therefore, been pos-
tulated that a decrease in the magnitude of IFN-g
responses to M. tuberculosis specific antigens might be
used as a biomarker of treatment response [11]. How-
ever, studies using serial QuantiFERON-TB Gold tests
or IFN-g ELISPOT assay in adults (performed during
treatment of either LTBI [12-17] or active TB disease
[9,18-26]) in various settings have shown conflicting
results, with IFN-g responses decreasing
[14,15,17-20,22,26], increasing [12,16] or remaining
almost unchanged [13,21,23-25] in response to
treatment.
We developed an in vitro IFN-g immune diagnostic

assay for active TB disease, the novelty of which consists
of the use of multiepitopic RD1 peptides selected by
computational analysis [27-29]. IFN-g response to these
RD1 selected peptides can be detected in individuals
with ongoing M. tuberculosis replication (such as during
active TB disease and/or recent TB infection) and has
been shown to significantly decrease in Human Immu-
nodeficiency Virus (HIV) uninfected [17,18] or infected
individuals [30] during TB prophylaxis and therapy.
It has recently been shown (by others and us) that

IFN-g-inducible protein (IP)-10 is a potential diagnostic
marker [31-37]. An enzyme linked immunosorbant
assay (ELISA), which measures levels of IP-10 in whole
blood after overnight stimulation with TB Antigens of
the QFT-IT format (hereinafter referred to as “QFT-IT
antigens”), has demonstrated to have similar sensitivity
for detecting active TB compared to QFT-IT and to the
IFN-g assay based on RD1 selected peptides in HIV-
uninfected subjects [32]. Higher sensitivity in diagnosing
TB cases for both IP-10-based assays has been described
in HIV-infected subjects compared to the corresponding
IFN-g-based tests [34,36,38]. However, to our knowl-
edge, the kinetics of IP-10 secretion in response to
QFT-IT antigens before and after treatment has never
been investigated.
Azzurri et al [39] have described a decline in the levels

of IP-10 in plasma after successful anti-TB treatment.
Furthermore, the previous observations have demon-
strated that patients with active TB had higher IP-10
levels in the NIL tube (unstimulated whole blood cul-
ture tube used in the QFT-IT assay) compared to
healthy controls [40].
Thus, in this exploratory study involving 17 enrolled

subjects (a subgroup of the 41 HIV-uninfected indivi-
duals previously described [33]), we evaluated whether
or not IP-10 can be a good biomarker for monitoring
TB therapy. Therefore, we assessed the changes of IP-10
levels from the NIL and QFT-IT antigen tubes and RD1
selected peptides stimulated whole blood in patients

with active TB disease at the time of TB diagnosis and
after successful specific treatment. IFN-g response to
QFT-IT antigens and RD1 selected peptides were evalu-
ated as controls.

Methods
Study subjects
This study has been approved by the Institutional Ethi-
cal Committee of the Tuberculosis Research Centre,
Chetput, Chennai TRC-IEC (No: 2006005) and written
consent was obtained from each study subject. Study
subjects were prospectively recruited from the Revised
National Tuberculosis Control Program (RNTCP) cen-
ters from April, 2007 to March, 2008. Subjects who
were diagnosed as pulmonary TB patients at the
RNTCP center were assessed for the study. Individuals
with a previous history of TB, who had undergone TST
in the past 16 months, who had HIV infection, silicosis,
end stage renal disease, leukemia/lymphoma or who
were undergoing immunosuppressive therapy were
excluded from the study.
After registering, the eligible subjects underwent radi-

ological examinations, and three sputum samples were
collected from each. The collected sputum samples were
processed [41], stained for acid fast bacilli (AFB) micro-
scopy by Ziehl-Neelsen method and cultured in Lowen-
stein Jensen (BioMérieux Inc., Marcy I’Etoile, France)
and in liquid MP BacT medium (BioMérieux Inc). The
presence of M. tuberculosis in the positive culture sam-
ples was further confirmed by Gen-probe based PCR
(BioMérieux Inc., Marcy I’Etoile, France) method.
Therefore, active TB was defined as microbiologically
confirmed if the criteria stated above was fulfilled. Con-
versely, patients were classified as having “clinical TB” if
the diagnosis was based on clinical and radiologic cri-
teria (after excluding other diseases) including appropri-
ate response to anti-TB therapy.
Blood was drawn from all the recruited study subjects

for a total blood count, HIV testing and IFN-g- and IP-
10-based assays. All subjects were treated with a stan-
dard regimen of rifampicin, isoniazid, ethambutol and
pyrazinamide for 2 months and then, if the clinical con-
ditions and chest X-rays improved and AFB sputum
conversion occurred, rifampicin and isoniazid were con-
tinued for an additional 4 months [42]. At the end of
six months, sputum samples and blood samples were
collected once again and assessed for their response to
treatment and to the in vitro test, respectively.

Stimulation of whole blood with QFT-IT antigens
A commercial QFT-IT assay (Cellestis) was used to
evaluate the QFT-IT antigen-specific IFN-g and IP-10
secretion. Briefly, one ml of blood was taken into each
of the three tubes: pre-coated either with QFT-IT
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antigens, phytohemaglutinin for the positive control or
no antigen for the negative control (NIL). The blood
samples were drawn between 10 and 11 am and taken
to the laboratory within 2 hours of phlebotomy. The
tubes were incubated for 16-24 hours at 37°C and
plasma were collected after centrifugation and stored at
4°C until tested.

RD1 selected peptides and whole blood cultures
The selection of Human Leukocyte Antigens (HLA)-
class II restricted epitopes of ESAT-6 and CFP-10 M.
tuberculosis proteins was performed by a quantitative,
implemented, HLA peptide-binding motif analysis as
previously described for ESAT-6 [27-29]. Peptides were
synthesized as free amino acid termini using Fmoc
chemistry (ABI, Bergamo, Italy). All synthetic peptides
were purified by reverse-phase chromatography to have
at least 90% purity. Sequence and purity were confirmed
by mass spectrometry and analytical reverse-phase chro-
matography [27]. Lyophilized peptides were diluted in
Dimethyl Sulfoxide (DMSO) at stock concentrations of
10 mg/mL for each peptide and stored at -80°C. RD1
selected peptides were used as follows: a pool of the two
ESAT-6 peptides (at 10 μg/mL each) and a pool of the
three CFP-10 peptides (at 2 μg/mL each). DMSO was
used as a negative control at 10 μg/mL. The whole
blood test was carried out as described [33,36]. Briefly,
aliquots of 0.5 ml per well of heparinised blood in
monoplicate were seeded in a 48-well plate and stimu-
lated with or without RD1 selected peptides, as
described above. Samples were then incubated for 16-24
hours at 37°C in the presence of 5% CO2 when 100 μl
of plasma was harvested.
Indian collaborators were provided with RD1 selected

peptides from the same batch, detailed protocol and
personal training by INMI’s laboratory staff. Inter-site
communication was present throughout the study to
solve any potential problems. Clinicians were blinded to
the laboratory test results and laboratory staff was
blinded to the status of the patients.

IP-10 assay
The IP-10 levels were measured in the plasma samples
using human IP-10 ELISA Set (R&D Sysytems, USA) as
per the manufacturer’s instructions [33,36]. To detect
the chemokines, plasma was diluted 1:10 as a starting
dilution. Further dilutions were performed when neces-
sary. The IP-10 data from QFT-IT antigens or RD1 pep-
tides stimulated culture provided in the text and figures
are reported after subtracting the respective unstimu-
lated controls, which is either the whole blood culture
incubated with the same concentration of DMSO used
to dissolve the peptides for the RD1 selected peptides

stimulated conditions [33,36] or the NIL tube for the
QFT-IT antigens.

Measurement of IFN-g
The QFT-IT ELISA (Cellestis) was performed to mea-
sure the IFN-g levels in the plasma samples following
the manufactures instructions (Cellestis Ltd., Victoria,
Australia). The test results were interpreted using soft-
ware supplied by the manufacturer (Cellestis Ltd., Vic-
toria, Australia). Values above 10 IU/ml were considered
as equal to 10 IU/ml, as indicated by the manufacturers.
The IFN-g data from QFT-IT antigens or RD1 peptides
stimulated culture provided in the text and figures are
reported after subtracting the respective unstimulated
controls, which is either the whole blood culture incu-
bated with the same concentration of DMSO used to
dissolve the peptides for the RD1 peptides stimulated
conditions [33,36] or the NIL tube for the QFT-IT
antigens.

Longitudinal analysis of the IP-10 and IFN-g data
A longitudinal analysis of the IP-10 and IFN-g data was
made considering the highest IP-10 response to either
ESAT-6 or CFP-10 selected peptides per single patient
at both baseline and end of treatment.

Eligibility criteria for the study
Enrolled patients were defined as “eligible” if the experi-
mental data at both, baseline and after 6 months treat-
ment were available. Data analysis was performed only
on the subjects that met the eligibility criteria.

Statistical analysis
The main outcome of the study on IP-10 and IFN-g
production in response to QFT-IT antigens and RD1
selected peptides was expressed as continuous (IU/ml)
or dichotomous (positive/negative) measures. For con-
tinuous measures, the median and interquartile range
(IQR) was calculated. A non-parametric Wilcoxon
signed-rank test was used for paired comparisons. Dif-
ferences were considered significant at p values ≤ 0.05.
For dichotomous measures, chi square was used. For

pair-wise comparisons, differences were considered sig-
nificant at p values ≤ 0.05. SPSS v 14 for Windows
(SPSS Italia Srl, Bologna, Italy) and Prism 4 software
(GraphPad Software 4.0, San Diego, CA, USA) were
used in the analysis.

Results
Characteristics of the subjects included in the study
As previously described [33], a total of 41 HIV-unin-
fected individuals were assessed for this report. How-
ever, only 17 subjects met the eligibility criteria for the
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study. The median duration of TB treatment was 6
months (IQR: 6.0-6.1).
The median age of the eligible 17 subjects was 32

years and 9 of them were males (Table 1). Regarding
the microbiological data, 12 (71%) were positive for AFB
sputum microscopy and 16 (94%) were positive to spu-
tum culture. In the remaining 1 subject, diagnosis was
made based on clinical criteria.
All 17 subjects completed the anti-tuberculosis ther-

apy by end of six months. They were negative for AFB
sputum microscopy after 2 months of treatment and at
therapy completion. Radiological examination also con-
firmed their healthy status.

Longitudinal analysis of IP-10 secretion to NIL and DMSO
samples in patients with active TB who were followed
until therapy completion
Azzurri et al [39] have described a decline in the IP-10
levels in plasma after successful anti-TB treatment.
Furthermore, the previous observations have demon-
strated that patients with active TB had higher IP-10
levels in NIL tubes when compared to healthy controls
[40]. Assuming that successful treatment reverts the
IP-10 levels in the unstimulated cultures, we evaluated
the IP-10 level in the plasma from NIL tubes and
DMSO whole blood cultures, after 1-day stimulation,
in the patients at the time of TB diagnosis (T0) and at
therapy completion (T6). As shown in Figure 1, no sig-
nificant changes were observed when comparing the
IP-10 levels in the NIL tubes at T0 (median: 1630;
IQR: 212-2330) to T6 (median: 722; IQR: 326-1581) (p
= 0. 0833) (Figure 1A) or comparing the IP-10 levels
in the DMSO cultures at T0 (median: 1250; IQR: 221-

1898) to T6 (median: 830; IQR: 269-1206) (p = 0.1148)
(Figure 1B). These data indicate the absence of signifi-
cant IP-10 changes in the unstimulated culture in this
longitudinal analysis. Therefore, we evaluated the
changes in QFT-IT and RD1 selected peptides stimu-
lated whole blood.

Longitudinal analysis of IP-10 secretion in response to the
QFT-IT antigens in patients with active TB who were
followed until therapy completion: comparison with IFN-g
results
The level of IP-10 secretion in response to the QFT-IT
antigens did not significantly change from the time of
TB diagnosis (T0) (median: 7137 pg/ml; IQR: 2527-
9756) to the end of treatment (T6) (median: 6969 pg/
ml; IQR: 2299-10148) (p = 0.7) (Figure 2A) Using the
cut-off point of 698 pg/ml, previously found by ROC
analysis in the same Indian setting [35] (Table 2), 16 out
of 17 subjects (94.1%) scored positive for IP-10 at the
time of TB diagnosis (Table 3, Figure 2A). At therapy
completion, the one subject who scored negative to IP-
10 turned positive and three subjects who scored posi-
tive at enrolment became negative (Table 3). Hence, the
number of IP-10 positive subjects at the end of treat-
ment was (14/17, 82.3%) (Table 3).
IFN-g secretion was tested as a control. The level of

IFN-g secretion in response to QFT-IT did not signifi-
cantly change between the baseline (median: 4.38 IU/ml;
IQR: 2.58-10.35) and therapy completion (median: 2.66
IU/ml; IQR: 0.82-4.89) (p = 0.7) (Figure 2B). Using the
commercial cut-off value of 0.35 IU/ml (Table 2), 17
out of 17 subjects (100%) were positive to QFT-IT. At
therapy completion, 3 subjects turned negative. The pro-
portion of positive responders between baseline and
therapy completion (14/17, 82.3%) was not statistically
significant (p = 0.2) (Table 3).

Longitudinal analysis of IP-10 secretion in response to the
RD1 selected peptides in patients with active TB who
were followed until therapy completion: comparison with
the IFN-g results
When considering the highest IP-10 response to either
ESAT-6 or CFP-10 selected peptides per single patient,
the IP-10 secretion was significantly higher at the time
of diagnosis (median: 5116 pg/ml; IQR: 2207-7063) than
at therapy completion(T6) (median: 73 pg/ml; IQR: 0-
5222) (p = 0.0060) (Figure 3A) Using the cut-off point
of 350 pg/ml, previously found by ROC analysis [38]
(Table 2), 16 out of 17 subjects (94.1%) scored positive
for IP-10 at the time of TB diagnosis. At therapy com-
pletion, 9 subjects turned negative, whereas the indivi-
dual who scored negative at enrolment was still negative
after therapy completion. Therefore the proportion of
positive responders significantly differed between

Table 1 Demographic and clinical characteristics of the
subjects enrolled in the study

Parameter Total
N. 17

Age, mean in years (IQR) 32 (25-52)

Sex

Male, Number (%) 9 (52.9)

Smear Positivity, Grade Number (%)

1+ 6 (35.3)

2+ 4 (23.5)

3+ 2 (11.8)

0 5 (29.4)

Culture Results, Number (%)

Positive 16 (94.1)

Negative 1 (5.9)

TB Severity, Number (%)

Mild/Moderate 12 (70.6)

Severe 5 (29.4)

Abbreviations: IQR: interquartile range; TB: tuberculosis; IP: inducible protein;
IFN: interferon; RD: region of difference.
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baseline and therapy completion (7/17, 41.1%) (p =
0.002) (Table 3).
IFN-g secretion was tested as a control. When consid-

ering the highest IFN-g response to either ESAT-6 or
CFP-10 selected peptides for single patient, the IFN-g
secretion was significantly higher at the time of diagno-
sis (median: 2.56 IU/ml; IQR: 1.20-4.18) than at therapy
completion (median: 0.42 IU/ml; IQR: 0.02-1.72) (Figure
3B) (p = 0.0003). With the cut-off value of 0.57 IU/ml,
previously found by ROC analysis [32] (Table 2), 16 out
of 17 subjects (94.1%) scored positive in response to
RD1 selected peptides at the time of TB diagnosis. At

therapy completion, 9 subjects turned negative, whereas
the individual who scored negative at enrolment was
still negative after therapy completion. Therefore, the
proportion of positive responders significantly differed
between baseline and therapy completion (7/17, 41.1%)
(p = 0.002) (Table 3).
When we used the same cut-off value used by the

QFT-IT (0.35 IU/ml), no change was found in the score
of RD1 selected peptides responders at the time of TB
diagnosis. At the end of treatment, 7 subjects (instead of
9) turned negative, and the individual who scored nega-
tive at enrolment was still negative after therapy

Figure 1 Longitudinal analysis of IP-10 levels in NIL and DMSO conditions after 1-day culture in samples from patients with active TB
who were followed until specific therapy completion. IP-10 levels in the NIL (A) and DMSO (B) conditions after 1-day culture in samples
from patients with active TB evaluated before therapy (T0) and at therapy completion (T6). No significant changes were recorded, as indicated
by the p values. Abbreviations: IP: interferon inducible protein. DMSO: Dimethyl Sulfoxide.

Figure 2 Longitudinal analysis of IP-10 secretion in response to the QFT-IT antigens in patients with active TB who were followed
until specific therapy completion: comparison with IFN-g results. IP-10 response to the QFT-IT antigens (A) and IFN-g response (QFT-IT) (B)
in patients with active TB evaluated before therapy (T0) and at therapy completion (T6). No significant changes were recorded, as indicated by
the p values. Abbreviations: IP: interferon inducible protein; IFN: interferon; IU: international units.
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completion. The proportion of positive responders was
still significantly different between baseline and therapy
completion (9/17, 52.9%) (p = 0.02).
The changes in the secretion of IFN-g or IP-10 in

response to QFT-IT antigens or RD1 selected peptides
did not depend on the grade of smear positivity, sputum
culture positivity or severity of TB disease based on the
chest X-ray results at the time of recruitment (data not
shown).

Discussion
In this exploratory study, we demonstrated (for the first
time to our knowledge) that the IP-10 secreted response
to selected RD1 peptides decreases during specific treat-
ment in patients with active TB. A significant quantita-
tive decrease in the level of IP-10 in response to the RD1
selected peptides was found between the baseline and
end of TB treatment accompanied by a significant
decrease in the positive rate of the test. Similar results
were obtained by the detection of IFN-g, confirming our
previous reports [18,30]. Differently, the IP-10 response
to the QFT-IT antigens did not significantly change by
either quantitative or qualitative analysis. Interestingly,
when considering the IFN-g data, the quantitative
responses to QFT-IT decreased, although not signifi-
cantly, from baseline to the end of TB treatment whereas
no change was found in the proportion of responders.
Previous studies have reported a decline in the levels

of IP-10 in plasma after successful anti-TB treatment

[39] and other earlier observations have demonstrated
that patients with active TB have higher IP-10 levels in
the plasma of unstimulated culture when compared to
controls [40,43]. However in this study we were unable
to confirm these data, probably due to the small number
of patients analyzed.
The earlier studies conducted to assess the secretion

of IFN-g in response to QFT-IT ended up with conflict-
ing results among those with active TB. While some of
the studies reported significantly reduced IFN-g secre-
tion at the time of therapy completion compared to the
baseline [9,18-20,22,26,30], other reports showed
unchanged or minimal IFN-g secretion upon effective
therapy [21,23-25]. The probable reasons for this con-
troversy might be due to several factors including re-
infection, persistent infection, persistent exposure to
mycobacteria, and possible maintenance of the circulat-
ing pool of effector memory T cells, rather than techni-
cal factors [7].
IP-10 secretion was elevated in active TB patients after

stimulation with M. tuberculosis antigens [31-36,40,43,44].
However, similar to IFN-g, the IP-10 secretion in response
to the QFT-IT antigens did not change upon effective
therapy. This is not unexpected, as IP-10 secretion is
mainly induced by antigen-specific IFN-g secreting T cells.
Furthermore, previously [33,33], we found a good correla-
tion between the level of IFN-g and IP-10 in subjects with
TB infection. Interestingly, in contrast to QFT-IT antigens,
we found decreased IFN-g and IP-10 levels after overnight

Table 2 IP-10 and IFN-g cut-off points employed for the assays

IP-10 IFN-g

Antigen IP-10 (pg/ml) Cut-off point provided by: IFN-g (IU/ml) Cut-off point provided by:

QFT-IT antigens* 698 ROC analysis [36] 0.35 [company, 44]

RD1 selected peptides 350 ROC analysis [36] 0.57 ROC analysis [33]

Abbreviations: *antigens used in QuantiFERON TB Gold In tube test format; TB: tuberculosis; IP: inducible protein; IFN: interferon; RD: region of difference; ROC:
Receiver Operator Characteristics.

Table 3 Serial response to the IP-10-based and IFN-g-based assays in patients with active TB

QFT-IT antigens RD1 selected peptides IFN-g cut-off 0.57 IU/ml

Time points Time points

T0 T6 p value T0 T6 p value

IP-10
Positive over total (%)

16/17 (94.1) 14/17 (82.3) 0.6 16/17 (94.1) 7/17 (41.1) 0.002

IFN-g
Positive over total (%)

17/17 (100) 14/17 (82.3) 0.2 16/17 (94.1) 7/17 (41.1) 0.002

IP-10
N of reversion over total (%)

- 3/17 (17.6) - 10/17 (58.8)

IP-10 N of conversion over total (%) - 1/17 (5.8) - 0/17 (0)

IFN-g
N of reversion over total (%)

- 3/17 (17.6) - 9/17 (52.9)

IFN- g
N of conversion over total (%)

- 0/17 (0) - 0/17 (0)

Footnotes: TB: tuberculosis; QFT-IT: QuantiFERON TB Gold In tube; IP: inducible protein; IFN: interferon; RD: region of difference; N: number; T0: baseline; T6: end
of treatment.
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stimulation with selected RD1 peptides after successful
therapy.
The difference in the levels of IP-10 and IFN-g secre-

tion between QFT-IT antigens and selected RD1 pep-
tides might be related to the amount and the
composition of epitopes covered by the peptides used in
the two different tests. For example, the peptides
employed in the QTF-IT cover the whole CFP-10 and
ESAT-6 intact proteins (in addition to having a peptide
from TB7.7 from the RD11 region) [41] whereas the
peptides used in our assay are few and selected in order
to be highly immunogenic [27,28]. The response is
mediated by the CD4+ T cells with an effector memory
phenotype, as previously shown [45]. Based on our data,
this oligoclonal response (more than polyclonal against
all RD1 epitopes) appears to be a sensitive tool for mon-
itoring M. tuberculosis replication [17], as well as active
TB disease [18,30].
In the present study we show that both the proportion

of IFN-g and IP-10 positive responders to RD1 selected
peptides was significantly lower after successful therapy
compared to baseline. It is important to note that the
CFP-10 selected peptides induced a stronger and more
frequently observed immune response compared to
ESAT-6 peptides (data not shown) which emphasizes the
need of pooling CFP-10 and ESAT-6 peptides together.
This exploratory study has some limitations. It was

conducted on a small number of subjects (17 out of the
41 initially enrolled). The proportion of responders to
RD1 selected peptides was higher compared (94%) to
previous studies conducted in HIV-uninfected subjects
(around 70%) [29,33], and the BCG status of the

patients was unknown. BCG coverage in India is high
though and we may expect that the majority of the
population studied is BCG-vaccinated [46]. Another lim-
itation is related to the cut-off points used to evaluate
the response to treatment. These were found by ROC
analysis after comparing the results obtained in healthy
subjects with patients with active TB before treatment
[30,33,36,47]. Consequently they may not be correct
when evaluating the response to treatment and greater
efforts to find more accurate cut-off points for treat-
ment efficacy should be made. Indeed based on the cut-
off used, the assay based on RD1 selected peptides is
inferior to the sputum smear as a means to detect fail-
ure. However, despite these limitations, the prospective
design of the study, the evaluation of 4 in vitro assays
for TB diagnosis (3 experimental and 1 commercial) and
the consistency of the data found between the 2 markers
used to evaluate the RD1 responses render the results
solid and interesting.

Conclusions
In conclusion, we are showing (for the first time to our
knowledge) that IP-10 response to the QFT-IT antigens
might be a useful biomarker for monitoring therapy effi-
cacy in patients with active TB. Similar results were
obtained in our previous reports using IFN-g [18,30].
Therefore, there is no real difference between the two
biomarkers (IFN-g and IP-10) other than the magnitude
of the response (greater than 20 fold). Additional studies
performed on a larger number of individuals in both
high and low burden TB settings are needed to evaluate
the consistency of these results.

Figure 3 Longitudinal analysis of IP-10 secretion in response to the RD1 selected peptides in patients with active TB who were
followed until specific therapy completion: comparison with the IFN-g results. IP-10 (A) and IFN-g response (B) to the RD1 selected
peptides in patients with active TB evaluated before therapy (T0) and at therapy completion (T6). Significant changes were recorded, as indicated
by the p values. Abbreviations: IP: interferon inducible protein; IFN: interferon; IU: international units.

Kabeer et al. BMC Infectious Diseases 2011, 11:135
http://www.biomedcentral.com/1471-2334/11/135

Page 7 of 9



List of Abbreviations
AFB: Acid fast Bacilli; BCG: Bacille Calmette-Guerin; CFP-10: Culture filtrate
protein-10; ELISA: Enzyme linked immunosorbant assay; ESAT-6: Early
secreted antigenic target-6; HIV: Human immunodeficiency virus; HLA:
Human leukocyte antigen; IQR: Interquartile range; IFN-γ: Interferon gamma;
IP-10: Interferon gamma inducible protein-10; LTBI: Latent tuberculosis
infection; PPD: Purified protein derivative; QFT-IT: QuantiFERON-TB Gold In
tube; RD: Region of Difference; RNTCP: Revised national TB control
programme; T0: Time of diagnosis; T6: End of treatment; TB: Tuberculosis.

Acknowledgements
The authors wish to thank all the study subjects, clinical nurses, lab
technicians, counsellors and physicians who took part in this study. The
study was supported by grants from Fondation Mérieux and the Italian
Ministry of Health “Ricerca Corrente”, “Ricerca Finalizzata” 06.76.1, 07.103, RF-
IMI-2009-1302952, 40H58. The sponsors had no role in the decision to
publish the study, in analysing the data or in drafting the manuscript. We
are deeply grateful to Ms. Andrea Baker for the editing.

Author details
1Department of Immunology, Tuberculosis Research Centre (ICMR), Tamil
Nadu, Chennai, India. 2Department of Clinical Research, Tuberculosis
Research Centre (ICMR), Mayor V.R. Ramanathan Road, Chetpet, Chennai –
600 031, Tamil Nadu, India. 3Biomérieux, Research & Development
Immunoassays, Chemin de l’Orme, Marcy L’Etoile, France. 4Scientific
Direction, Lazzaro Spallanzani National Institute for Infectious Diseases (INMI),
Rome, Italy. 5Department of Epidemiology and Preclinical Research, INMI,
Rome, Italy. 6Microbiology Service, Saint Louis Hospital, Paris, France.
7Translational Research Unit, Department of Epidemiology and Preclinical
Research, (INMI), Rome, Italy.

Authors’ contributions
Conception and design of the experiments: DG and AR. Study subject
recruitment: BR. The experiments were performed by: BSAK. Data acquisition:
ST, ML. Data analysis: DG, EG, PHL and AR. Contribution of reagents/
materials/analysis tools: DG, AR, ST, ML, GI. Writers of the paper: BSAK and
DG. Critical revision of the manuscript: ST, ML, BR, GI. Final approval of the
version to be published: BSAK, AR, BR, ST, ML, GI, EG, PHL, DG.

Conflict of interests
DG and EG have European patent N. 1723426 on T-cell assay based on
selected RD1 peptides.

Received: 8 October 2010 Accepted: 19 May 2011
Published: 19 May 2011

References
1. GG Mahairas, PJ Sabo, MJ Hickey, DC Singh, CK Stover, Molecular analysis of

genetic differences between Mycobacterium bovis BCG and virulent M.
bovis. J Bacteriol. 178(5):1274–1282 (1996)

2. M Harboe, T Oettinger, HG Wiker, I Rosenkrands, P Andersen, Evidence for
occurrence of the ESAT-6 protein in Mycobacterium tuberculosis and
virulent Mycobacterium bovis and for its absence in Mycobacterium bovis
BCG. Infect Immun. 64(1):16–22 (1996)

3. JM Pollock, P Andersen, The potential of the ESAT-6 antigen secreted by
virulent mycobacteria for specific diagnosis of tuberculosis. J Infect Dis.
175(5):1251–1254 (1997). doi:10.1086/593686

4. HM Vordermeier, PC Cockle, A Whelan, S Rhodes, N Palmer, D Bakker, RG
Hewinson, Development of diagnostic reagents to differentiate between
Mycobacterium bovis BCG vaccination and M. bovis infection in cattle. Clin
Diagn Lab Immunol. 6(5):675–682 (1999)

5. A Lalvani, M Pareek, A 100 year update on diagnosis of tuberculosis
infection. Br Med Bull. 93, 69–84 (2009)

6. M Pai, A Zwerling, D Menzies, Systematic review: T-cell-based assays for the
diagnosis of latent tuberculosis infection: an update. Ann Intern Med.
149(3):177–184 (2008)

7. K Dheda, R van Zyl Smit, M Badri, M Pai, T-cell interferon-gamma release
assays for the rapid immunodiagnosis of tuberculosis: clinical utility in high-
burden vs. low-burden settings. Curr Opin Pulm Med. 15(3):188–200 (2009).
doi:10.1097/MCP.0b013e32832a0adc

8. M Mazurek, J Jereb, A Vernon, P LoBue, S Goldberg, K Castro, IGRA Expert
Committee, Centers for Disease Control and Prevention (CDC), Updated
guidelines for using Interferon Gamma Release Assays to detect
Mycobacterium tuberculosis infection - United States 2010. MMWR
Recomm Rep. 25(59):1–25 (2010)

9. AA Pathan, KA Wilkinson, P Klenerman, H McShane, RN Davidson, G Pasvol,
AV Hill, A Lalvani, Direct ex vivo analysis of antigen-specific IFN-γ-secreting
CD4 T cells in Mycobacterium tuberculosis-infected individuals: associations
with clinical disease state and effect of treatment. J Immunol.
167(9):5217–5225 (2001)

10. GM Winslow, AD Roberts, MA Blackman, DL Woodland, Persistence and
turnover of antigen-specific CD4 T cells during chronic tuberculosis
infection in the mouse. J Immunol. 170(4):2046–2052 (2003)

11. C Lange, T Mori, Advances in the diagnosis of tuberculosis. Respirology.
15(2):220–240 (2010). doi:10.1111/j.1440-1843.2009.01692.x

12. KA Wilkinson, OM Kon, SM Newton, G Meintjes, RN Davidson, G Pasvol, RJ
Wilkinson, Effect of treatment of latent tuberculosis infection on the T cell
response to Mycobacterium tuberculosis antigens. J Infect Dis.
193(3):354–359 (2006). doi:10.1086/499311

13. M Pai, R Joshi, S Dogra, DK Mendiratta, P Narang, S Kalantri, AL Reingold,
JM Colford Jr, LW Riley, D Menzies, Serial testing of health care workers for
tuberculosis using interferon-gamma assay. Am J Respir Crit Care Med.
174(3):349–355 (2006). doi:10.1164/rccm.200604-472OC

14. CB Chee, KW KhinMar, SH Gan, TM Barkham, M Pushparani, YT Wang,
Latent tuberculosis infection treatment and T-cell responses to
Mycobacterium tuberculosis-specific antigens. Am J Respir Crit Care Med.
175(3):282–287 (2007)

15. K Higuchi, N Harada, T Mori, Interferon-γ responses after isoniazid
chemotherapy for latent tuberculosis. Respirology. 13(3):468–472 (2008).
doi:10.1111/j.1440-1843.2008.01244.x

16. TG Connell, MA Davies, C Johannisen, K Wood, S Pienaar, KA Wilkinson, RJ
Wilkinson, HJ Zar, D Beatty, MP Nicol, N Curtis, B Eley, Reversion and
conversion of Mycobacterium tuberculosis IFN-γ ELISpot results during anti-
tuberculous treatment in HIV-infected children. BMC Infect Dis. 10, 138
(2010). doi:10.1186/1471-2334-10-138

17. D Goletti, MP Parracino, O Butera, F Bizzoni, R Casetti, D Dainotto, G
Anzidei, C Nisii, G Ippolito, F Poccia, E Girardi, Isoniazid prophylaxis
differently modulates T-cell responses to RD1-epitopes in contacts recently
exposed to Mycobacterium tuberculosis: a pilot study. Respir Res. 8, 5
(2007). doi:10.1186/1465-9921-8-5

18. S Carrara, D Vincenti, N Petrosillo, M Amicosante, E Girardi, D Goletti, Use of
a T cell-based assay for monitoring efficacy of antituberculosis therapy. Clin
Infect Dis. 38(5):754–756 (2004). doi:10.1086/381754

19. MP Nicol, D Pienaar, K Wood, B Eley, RJ Wilkinson, H Henderson, L Smith, S
Samodien, D Beatty, Enzyme-linked immunospot assay responses to early
secretory antigenic target 6, culture filtrate protein 10, and purified protein
derivative among children with tuberculosis: implications for diagnosis and
monitoring of therapy. Clin Infect Dis. 40(9):1301–1308 (2005). doi:10.1086/
429245

20. AM Aiken, PC Hill, A Fox, KP McAdam, D Jackson-Sillah, MD Lugos, SA
Donkor, RA Adegbola, RH Brookes, Reversion of the ELISPOT test after
treatment in Gambian tuberculosis cases. BMC Infect Dis. 6, 66 (2006).
doi:10.1186/1471-2334-6-66

21. M Pai, R Joshi, M Bandyopadhyay, P Narang, S Dogra, B Taksande, S Kalantri,
Sensitivity of a whole-blood interferon-γ assay among patients with
pulmonary tuberculosis and variations in T-cell responses during anti-
tuberculosis treatment. Infection. 35(2):98–103 (2007). doi:10.1007/s15010-
007-6114-z

22. SK Katiyar, A Sampath, S Bihari, M Mamtani, H Kulkarni, Use of the
QuantiFERON-TB Gold In-Tube test to monitor treatment efficacy in active
pulmonary tuberculosis. Int J Tuberc Lung Dis. 12(10):1146–1152 (2008)

23. V Bosshard, P Roux-Lombard, T Perneger, M Metzger, R Vivien, T Rochat, JP
Janssens, Do results of the T-SPOT.TB interferon-gamma release assay
change after treatment of tuberculosis? Respir Med. 103(1):30–34 (2009).
doi:10.1016/j.rmed.2008.09.012

24. J Dominguez, M De Souza-Galvao, J Ruiz-Manzano, I Latorre, C Prat, A
Lacoma, C Mila, MA Jimenez, S Blanco, J Maldonado, N Atlet, V Ausina, T-
cell responses to the Mycobacterium tuberculosis-specific antigens in active
tuberculosis patients at the beginning, during, and after antituberculosis
treatment. Diagn Microbiol Infect Dis. 63(1):43–51 (2009). doi:10.1016/j.
diagmicrobio.2008.09.010

Kabeer et al. BMC Infectious Diseases 2011, 11:135
http://www.biomedcentral.com/1471-2334/11/135

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/8631702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8631702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8631702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8557334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8557334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8557334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8557334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9129098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9129098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10473516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10473516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19926636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19926636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18593687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18593687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19387262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19387262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19387262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11673535?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11673535?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11673535?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12574375?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12574375?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12574375?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20199641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16388482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16388482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16690977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16690977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17082492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17082492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18399875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18399875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20507549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20507549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20507549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14986262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14986262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16573826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16573826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17401714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17401714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17401714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18812044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18812044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18812044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18977647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18977647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19026511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19026511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19026511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19026511?dopt=Abstract


25. Y Kobashi, K Mouri, S Yagi, Y Obase, N Miyashita, M Oka, Transitional
changes in T-cell responses to Mycobacterium tuberculosis-specific antigens
during treatment. J Infect. 58(3):197–204 (2009). doi:10.1016/j.jinf.2008.08.009

26. I Sauzullo, F Mengoni, M Lichtner, AP Massetti, R Rossi, M Iannetta, R
Marocco, C Del Borgo, F Soscia, V Vullo, CM Mastroianni, In vivo and in
vitro effects of antituberculosis treatment on mycobacterial interferon-γ T
cell response. PLoS One. 4(4):e5187 (2009). doi:10.1371/journal.pone.0005187

27. D Vincenti, S Carrara, P De Mori, LP Pucillo, N Petrosillo, F Palmieri, O
Armignacco, G Ippolito, E Girardi, M Amicosante, D Goletti, Identification of
early secretory antigen target-6 epitopes for the immunodiagnosis of active
tuberculosis. Mol Med. 9(3-4):105–111 (2003)

28. D Goletti, D Vincenti, S Carrara, O Butera, F Bizzoni, G Bernardini, M
Amicosante, E Girardi, Selected RD1 peptides for active tuberculosis
diagnosis: comparison of a γ-interferon whole-blood enzyme-linked
immunosorbent assay and an enzyme-linked immunospot assay. Clin Diagn
Lab Immunol. 12(11):1311–1316 (2005)

29. D Goletti, S Carrara, O Butera, M Amicosante, M Ernst, I Sauzullo, V Vullo, D
Cirillo, E Borroni, R Markova, R Drenska, J Dominguez, I Latorre, C Angeletti,
A Navarra, N Petrosillo, FN Lauria, G Ippolito, GB Migliori, C Lange, E Girardi,
Accuracy of immunodiagnostic tests for active tuberculosis using single and
combined results: a multicenter TBNET-Study. PLoS One. 3(10):e3417 (2008).
doi:10.1371/journal.pone.0003417

30. D Goletti, S Carrara, H Mayanja-Kizza, J Baseke, MA Mugerwa, E Girardi, Z
Toossi, Response to M. tuberculosis selected RD1 peptides in Ugandan HIV-
infected patients with smear positive pulmonary tuberculosis: a pilot study.
BMC Infect Dis. 8, 11 (2008). doi:10.1186/1471-2334-8-11

31. M Ruhwald, T Bodmer, C Maier, M Jepsen, MB Haaland, J Eugen-Olsen, P
Ravn, Evaluating the potential of IP-10 and MCP-2 as biomarkers for the
diagnosis of tuberculosis. Eur Respir J. 32(6):1607–1615 (2008). doi:10.1183/
09031936.00055508

32. B Syed Ahamed Kabeer, B Raman, A Thomas, V Perumal, A Raja, Role of
QuantiFERON-TB gold, interferon-γ inducible protein-10 and tuberculin skin
test in active tuberculosis diagnosis. PLoS One. 5(2):e9051 (2010).
doi:10.1371/journal.pone.0009051

33. D Goletti, A Raja, BS Ahamed Kabeer, C Rodrigues, A Sodha, O Butera, S
Carrara, G Vernet, C Longuet, G Ippolito, S Thangaraj, M Leportier, E Girardi,
PH Lagrange, IFN-γ, but not IP-10, MCP-2 or IL-2 response to RD1 selected
peptides associates to active tuberculosis. J Infect. 61(2):133–143 (2010).
doi:10.1016/j.jinf.2010.05.002

34. BS Kabeer, R Sikhamani, A Raja, Comparison of interferon gamma and
interferon γ-inducible protein-10 secretion in HIV-tuberculosis patients.
AIDS. 24(2):323–325 (2010). doi:10.1097/QAD.0b013e328334895e

35. J Lighter, M Rigaud, M Huie, CH Peng, H Pollack, Chemokine IP-10: an
adjunct marker for latent tuberculosis infection in children. Int J Tuberc
Lung Dis. 13(6):731–736 (2009)

36. D Goletti, A Raja, B Syed Ahamed Kabeer, C Rodrigues, A Sodha, S Carrara,
G Vernet, C Longuet, G Ippolito, S Thangaraj, M Leportier, E Girardi, PH
Lagrange, Is IP-10 an accurate marker for detecting M. tuberculosis-specific
response in HIV-infected persons? PLoS One. 5(9):e12577 (2010).
doi:10.1371/journal.pone.0012577

37. A Cannas, L Calvo, T Chiacchio, G Cuzzi, V Vanini, FN Lauria, L Pucci, E
Girardi, D Goletti, IP-10 detection in urine is associated with lung diseases.
BMC Infect Dis. 10, 333 (2010). doi:10.1186/1471-2334-10-333

38. MG Aabye, M Ruhwald, G Praygod, K Jeremiah, M Faurholt-Jepsen, D
Faurholt-Jepsen, N Range, H Friis, J Changalucha, AB Andersen, P Ravn,
Potential of interferon-γ-inducible protein 10 in improving tuberculosis
diagnosis in HIV-infected patients. Eur Respir J. 36(6):1488–90 (2010).
doi:10.1183/09031936.00039010

39. A Azzurri, OY Sow, A Amedei, B Bah, S Diallo, G Peri, M Benagiano, MM
D’Elios, A Mantovani, G Del Prete, IFN-γ-inducible protein 10 and pentraxin
3 plasma levels are tools for monitoring inflammation and disease activity
in Mycobacterium tuberculosis infection. Microbes Infect. 7(1):1–8 (2005).
doi:10.1016/j.micinf.2004.09.004

40. M Ruhwald, M Bjerregaard-Andersen, P Rabna, J Eugen-Olsen, P Ravn, IP-10,
MCP-1, MCP-2, MCP-3, and IL-1RA hold promise as biomarkers for infection
with M. tuberculosis in a whole blood based T-cell assay. BMC Res Notes. 2,
19 (2009). doi:10.1186/1756-0500-2-19

41. N Selvakumar, M Gomathi Sekar, V Kumar, DV Bhaskar Rao, F Rahman, PR
Narayanan, Sensitivity of Ziehl-Neelsen method for centrifuged deposit
smears of sputum samples transported in cetyl-pyridinium chloride. Indian J
Med Res. 124(4):439–442 (2006)

42. Central TB Division, Directorate General of Health Services, Ministry of
Health and Family Welfare, Revised National Tuberculosis Control
Programme manual for laboratory technicians. (Ministry of Health and
Family Welfare, New Delhi, India, 1998) http://www.tbcindia.org/
LABMANUAL.pdf

43. M Ruhwald, M Bjerregaard-Andersen, P Rabna, K Kofoed, J Eugen-Olsen, P
Ravn, CXCL10/IP-10 release is induced by incubation of whole blood from
tuberculosis patients with ESAT-6, CFP10 and TB7.7. Microbes Infect.
9(7):806–812 (2007). doi:10.1016/j.micinf.2007.02.021

44. E Whittaker, A Gordon, B Kampmann, Is IP-10 a better biomarker for active
and latent tuberculosis in children than IFNgamma? PLoS One. 3(12):e3901
(2008). doi:10.1371/journal.pone.0003901

45. D Goletti, O Butera, F Bizzoni, R Casetti, E Girardi, F Poccia, Region of
difference 1 antigen-specific CD4+ memory T cells correlate with a
favorable outcome of tuberculosis. J Infect Dis. 194(7):984–92 (2006).
doi:10.1086/507427

46. VK Chadha, PS Jaganath, P Kumar, Tuberculin sensitivity among children
vaccinated with BCG under universal immunization programme. Indian J
Pediatr. 71(12):1063–1068 (2004). doi:10.1007/BF02829815

47. T Mori, M Sakatani, F Yamagishi, T Takashima, Y Kawabe, K Nagao, E
Shigeto, N Harada, S Mitarai, M Okada, K Suzuki, Y Inoue, K Tsuyuguchi, Y
Sasaki, GH Mazurek, I Tsuyuguchi, Specific detection of tuberculosis
infection: an interferon-gamma-based assay using new antigens. Am J
Respir Crit Care Med. 170(1):59–64 (2004). doi:10.1164/rccm.200402-179OC

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/135/prepub

doi:10.1186/1471-2334-11-135
Cite this article as: Kabeer et al.: IP-10 response to RD1 antigens might
be a useful biomarker for monitoring tuberculosis therapy. BMC
Infectious Diseases 2011 11:135.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kabeer et al. BMC Infectious Diseases 2011, 11:135
http://www.biomedcentral.com/1471-2334/11/135

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/18848730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18848730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18848730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19365543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19365543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19365543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12865946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12865946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12865946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18226199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18226199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18684849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18684849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20140219?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20140219?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20140219?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20470822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20470822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20010069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20010069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19460249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19460249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20830287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20830287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21092156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21119209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21119209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19193208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19193208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19193208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17159265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17159265?dopt=Abstract
http://www.tbcindia.org/LABMANUAL.pdf
http://www.tbcindia.org/LABMANUAL.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17533146?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17533146?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19065267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19065267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16960787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16960787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16960787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15630312?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15630312?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15059788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15059788?dopt=Abstract
http://www.biomedcentral.com/1471-2334/11/135/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study subjects
	Stimulation of whole blood with QFT-IT antigens
	RD1 selected peptides and whole blood cultures
	IP-10 assay
	Measurement of IFN-γ
	Longitudinal analysis of the IP-10 and IFN-γ data
	Eligibility criteria for the study
	Statistical analysis

	Results
	Characteristics of the subjects included in the study
	Longitudinal analysis of IP-10 secretion to NIL and DMSO samples in patients with active TB who were followed until therapy completion
	Longitudinal analysis of IP-10 secretion in response to the QFT-IT antigens in patients with active TB who were followed until therapy completion: comparison with IFN-γ results
	Longitudinal analysis of IP-10 secretion in response to the RD1 selected peptides in patients with active TB who were followed until therapy completion: comparison with the IFN-γ results

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


