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Abstract

‘We have evaluated the quantitative T-cell response after specific Mycobacterivm tuberculosis antigen stimulstes i sctive mbaroulosss
(TB) and lafent TB infection (LTBI) patients. In adults, the median number of T cells after RD1 anfigen stimulation was sipsificantly higher
in active TB patients than in LTBI patients. In children, the number of reaponder T cells against the specific antigena s higher in sctive TH
than in L'TBI patients, although the differences were not aiguificant. In swnumary, in paticnts with suspected clinical TH, dtwngh there i
overlapping in the number of responder T cells between both groups, a T-czll connt above the described threshold could sugpes active TH,
especially in patients with a high probability of having active TB and low probability of having LTBL. In additien, the rrsults mv consistoet

with the current evidence that Tcell response may indicate mycobacterial burden and disease activity.

© 2009 Elsevier Inc. All rights reserved,
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1. Background

Tuberculosis (TB) remaing a serious public health problem,
Approximately 9 million people develop active TB, mostly
pulmonary TB (pTB), ariually (Dye ot al., 2006). The basis of
TB control programs consists of diagnosing and correcting the
treatment of patients with active TB. An essential factor for
controlling the spread of this disease is the ability to diagnose it in
its early stages, especially in the pediatric population. The
traditional tools for diagnosing clinical TB are still clinical and
radiologic examination, combined with direct microscopic
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examination of sputum samples and culturs of hactra. Pationts
with pTB may be smear-negative for scid-fsd bacilE and
mycobacterial culture may take several weelks Therefiee,
diagnosis ofien ocours in an advanced siage of the dissase
(Dinnes et al, 2007). AIthmghmttnm-phﬂ.:mn!'
mycobacterial targeted DNA. via paly
basednwhodseanpmwdeampldannﬂ,hwrtm
fully standardized and is often unsulsable o moutine clinical
practice. Moreover, appropriate specimess mre difficol o obisin
in youmg children because of the fact that ey mncly produce
sputum. In addition, there is a high propeorton of eotrulmonary
TB that ofien requires invasive dugnodtic methods (Lie-
beschetz et al.,, 2004; Migliori et al., 200s; Vakies ct al, 1998
The tberculin skin test (TST) hes been, umtil pow, the
only tool available for the diagnosis of latent T infaction
(LTBI) and is commonly used as a complementary test in the
diagnosis of active TB (Huebner et al., 1 5% 3. Unfortunately,
the disadvantage of this test is that i poos specificity can
lead to false-positive results by means of o cross-resction

201



L Latorre et al. / Diagnostic Mic

ANNEX III

with the Mycobacterium bovis bacillus Calmette—Guérin
(BCG) vaccine strain and non-tuberculous mycobacteria
(NTM) (Latorre et al., 2009). Moreover, TST has a low
sensitivity in high-risk groups with impaired cellular
immunity, such as children younger than 5 years, giving
false-negative results (Horsburgh, 2004).

In the last years, 2 Mycobacterium tuberculosis (MTB)
region of difference (RD) 1 antigens have been explained.
These antigens are carly secretory antigenic target 6 (ESAT-6)
and culture filtrate protein 10 (CFP-10), which are absent in all
BCG and in the majority of NTM strains (Andersen et al.,
2000). Recently, a third specific MTB antigen, TB7.7
(Rv2654 [only peptide 4]), encoded in RD11 has also been
studied (Brock et al., 2004). In vitro assays for the diagnosis of
LTBI, based on the detection of interferon~y (IFN-vy) secreted
by effector T cells stimulated with these specific antigens,
have been evaluated by several authors in the diagnosis of
LTBI and active TB (Dominguez et al., 2009b; Ewer et al.,
2003; Lalvani, 2007; Lalvani et al., 2001; Menzies et al.,
2007; Mori et al., 2004; Pai et al., 2008; Richeldi, 2006).

Three commercialized in vitro assays based on this
technology have been developed: QuantiFERON-TB GOLD
(QFT-G), QuantiFERON-TB GOLD In-Tube (QFT-G-IT)
(Cellestis, Carnegie, Australia), and T-SPOT.TB (Oxford
Immunotec, Oxford, UK). QFT-G and QFT-G-IT detect
IFN-y from T cells stimulated with the specific antigens in
whole blood. On the contrary, T-SPOT.TB stimulates the
specific mononuclear cells isolated from peripheral blood
(PBMCs). QFT-G-IT is the last version of QFT-G. The main
difference between these 2 tests is that QFT-G-IT incorpo-
rates the 2 RD1-specific antigens and the TB7.7 antigen
inside the same blood collection tube.

Nowadays, the IFN-y assays for the diagnosis of LTBI
cannot distingnish between active TB and LTBI. However, it
has been hypothesized that the magnitude of the response may
provide information such as the likelihood of transition to
latency versus disease (Doherty et al., 2002). In this regard,
there are 2 studies that have suggested the variation cutoff
values of spot-forming units (SFUs) on T-SPOT.TB and the
concentration of IFN-y (IU/mL) on QFT-G. These studies
improve the diagnostic accuracy of LTBI to distinguish active
TB from LTBI (Janssens et al., 2007; Soysal et al., 2008).

The aim of this study is to evaluate the quantitative
difference of M. tuberculosis-specific antigen T-cell re-
sponse in the adult and pediatric populations by T-SPOT.TB
and QFT-G-IT, to differentiate between subjects with active
TB and those with LTBI and, secondly, to correlate the
quantitative response of T cells with TB immunodiagnosis,
mycobacterial burden, and disease activity.

2. Materials and methods

2.1. Patients and inclusion criteria

We prospectively recruited adult and pediatric patients
between September 2004 and January 2008 who attended the
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Hospital Universitari Germans Trias i Pyjol (Badalona,
Spain) and the TB Control and Prevention Unit of Barcelona
(CAP Drassanes, Barcelona, Spain) with suspected active TB
or LTBL. An ethics approval for this study was provided by the
Hospital Universitari Germans Trias i Pujol and the Fundacid
Gol i Gurina (Barcelona, Spain) Ethics Committees. We
obtained written informed consent from all patients before
taking blood samples, and in the case of the pediatric
population, parents signed the written consent. A detailed
questionnaire from all patients was collected to indicate the
results of any previous TSTs, as well as information on BCG
vaccination status, details of any contact with a person that has
active TB, history of prior active TB, LTBI, and chest
radiography, and other medical conditions (i.e., immunosup-
pression status). In our study, only participants with a BCG
scar were considered BCG vaccinated. Patients diagnosed with
active TB and those diagnosed with LTBI were included. Of
the LTBI patients, we established 2 groups: individuals with a
high risk of recent exposure (contact-tracing studies group) and
individuals infected but with unknown exposure to an active
TB patient. In this last group, it is not possible to eliminate the
possibility that some of them were recently infected. In the case
of children, the infection, by definition, should be considered
as recent. In LTBI patients, the active TB was excluded by
clinical and radiologic examination. None of the patients
included in this study were HIV seropositive.

The inclusion criteria for all patients were a positive TST,
at least 1 positive result for one of the IFN-y tests studied,
and no more than 2 weeks of therapy or chemoprophylaxis
when taking blood samples.

‘We enrolled a total of 175 adult and 162 pediatric patients
with a positive TST. Of these patients, we excluded 44 adults
and 79 children from the analysis because of negative and/or
indeterminate results for both IFN-y tests. The patients
included in the study were classified into 3 groups:

Group 1. Forty adult and 13 pediatric patients diagnosed
with active pulmonary and extrapulmonary TB. The
inclusion critetia were a positive culture for MTB for
adult patients and, for pediatric population, a positive
culture for MTB or suspected active clinical TB related to
close contact with a smear-positive pTB patient, radiog-
raphy compatible with TB, and a positive TST.

Group 2. Fifty-six adults and 52 children enrolled during
contact-tracing studies as close contacts of a smear-
positive pTB case.

Group 3. Thirty-five adults and 18 children examined for
LTBI screening because of recent immigration from
countries with a high prevalence of TB infection,
homelessness, school teachers enrolled during preem-
ployment examinations, or children enrolled during
routine TB screening at school.

2.2. Tuberculin skin test

In all subjects studied for contact-tracing studies or
screened for LTBI, a TST was performed. Two
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intradermal tuberculin units of PPD RT23 (Statens Serum
Institut, Copenhagen, Denmark) were used to perform the
TST. The tuberculin was administered using the Mantoux
method, and the induration size was interpreted after 48 to
72 h by trained personnel. In this study, according to the
Spanish Society of Pneumology and Thoracic Surgery
guidelines, TST indurations >5 mm were classified as
positive in patients diagnosed with active TB and
contacts. On the contrary, indurations =10 mm were
considered positive in patients screened for LTBI (Ruiz-
Manzano et al, 2008). All individuals with a positive
TST induration were referred for chest radiography, and
chemoprophylaxis was indicated in asymptomatic patients
with normal chest radiography.

2.3. QuantiFERON-TB GOLD In-Tube

The assay is based on the detection of IFN-y in whole-
blood supernatant by an enzyme-linked immunosorbent assay.
The test was performed according to the manufacturer’s
instructions. A total of 3 tubes of 1 mL each (nil control,
positive control [phytohemagglutinin], and TB-specific anti-
gens) were drawn by venipuncture from each patient.

Raw optical densities were interpreted by using specific
software provided by the manufacturer. The result obtained
by the nil control had to be subtracted from the positive
control and the antigen-stimulated samples. The cutoff
value for a positive test was at least 0.35 IU/mL of IFN-vy in
the sample after stimulation with the specific antigens,
regardless of the result of the positive control. The result of
the test was considered indeterminate if an antigen-
stimulated sample was negative and if the value of the
positive control was less than 0.5 IU/mL after subtraction of
the value of the nil control.

2.4. T-SPOT.TB

The assay detects [FN-y produced by PBMCs by means
of an enzyme-linked immunospot assay (ELISPOT), stim-
ulated with ESAT-6 and CFP-10 individually. The test was
performed according to the manufacturer’s instructions.
Eight milliliters of blood were drawn for the isolation of
PBMC in a vacutainer CPT tube (Becton Dickinson
Diagnostics, Franklin Lakes, NJ).

On T-SPOT.TB, spots were scored using an automated
AID ELISPOT plate reader (Lector AID Elispots; Auto-
immun Diagnostiks, Germany). All readings were also
manually verified. Subjects were considered positive if there
was a positive response to 1 or both of the antigen panels.
Test wells were scored as positive if they contained at least 6
SFU cells more than the nil control well and if this number
was at least twice the number of the nil control well. The
assay result was considered indeterminate if the number of
spots in the positive control was less than 20 and if the
response to both of the antigen panels was negative. We also
studied the overall RD1 response as the sum of ESAT-6 and
CFP-10 T-cell enumeration.

Disease 65 (2009) 236-246
2.5. Statistical methods

The comparison of the number of spots and the IFN-y
released was performed using the Mann—Whitney U test
analysis. Data were expressed as mean and SD, median,
and 5th and 95th percentiles. Differences were considered
significant when P values were less than 0.05. Receiver
operating characteristic (ROC) analysis was performed to
determine a threshold level for differentiating between
active TB and LTBI. The best threshold of SFU
enumeration by T-SPOT.TB and international units per
milliliter of IFN-y by QFT-G-IT was given with an optimal
specificity equal to or higher than 80%. All analyses were
made with SPSS statistical software for Windows (SPSS
version 15.0; SPSS, Chicago, IL). Graphical representation
is based on GraphPad Prism version 4 (GraphPad Software,
San Diego, CA).

3. Results

The main demographic characteristics of adult and
pediatric patients and the positive percentages of T-SPOT.
TB and QFT-G-IT of the populations included in the study
are shown in Table 1. The percentages of positive results in
these patients were higher for T-SPOT.TB than for QFT-G-
IT, except for contact-tracing studies in the pediatric
population where QFT-G-IT showed a slightly higher
percentage of positive results than T-SPOT-TB. Moreover,
in contact-tracing studies of adult individuals and active TB
pediatric patients, the differences between T-SPOT.TB and
QFT-G-IT positive results were significant (P < 0.001 and
P = 0.046, respectively).

3.1. Adult population results

The median numbers of T cells after ESAT-6, CFP-10,
and RD1 stimulation in T-SPOT.TB were higher in active
TB patients than in contact-tracing studies individuals or
those screened for LTBI. In contrast, the median [FN-y
release after antigen stimulation in QFT-G-IT was higher
in contacts than in the other group of patients (Table 2
and Fig. 1).

Differences in the number of T cells stimulated with
ESAT-6 by T-SPOT.TB in active TB patients, contact-
tracing studies, and screening of LTBI individuals were only
significant when comparing active TB patients with
individuals screened for LTBI (P = 0.039). In contrast, the
differences in the number of T cells stimulated with CFP-10
were significant between active TB patients and contact-
tracing individuals and also those screened for LTBI (P =
0.018 and P = 0.01, respectively). Finally, when we
evaluated both antigens together (RD1 response), the
differences for active TB patients compared with contact
patients and patients screened for LTBI were also significant
(P =0.042 and P < 0.001) (Fig. 1).
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Table 1
Demographic characteristics of adult and pediatric patients studied
Adult population Pediatric population
Active TB, Contact tracing, ~LTBI screening,  Active TB, Contact tracing,  LTBI screening,
n =40 (%) n =156 (%) n =35 (%) n=13 (%) n=52(%) n=18 (%)
Sex
Male 27 (67.5) 29 (51.8) 21 (60) 10 (76.9) 26 (50) 9 (50)
Female 13 (32.5) 27(48.2) 14 (40) 331 26 (50) 9 (50)
Age, mean £ SD 37601593 36.20+17.38 3239 £6.16 10.85+3.69 9.37+3.63 10.67 £4.19
BCG vaccinated
Yes 8 (20) 22 (39.3) 18 (51.4) 4(30.8) 34 (65.4) 12 (66.7)
No 32 (80) 34 (60.7) 17 (48.6) 9(69.2) 18 (34.6) 6(33.3)
Immunosuppression
Yes 0(0) 0(0) 257 0 0(0) 0O
No 40 (100) 56 (100) 33 (94.3) 13 (100) 52 (100) 18 (100)
Birth country
Immigrants from countries with high 20 (50) 23 (41.1) 24 (68.6) 4(30.8) 35 (67.3) 14 (77.8)
prevalence of TB infection
Residents in a non-epidemic TB country 20 (50) 33 (58.9) 11 (31.4) 9(69.2) 17 32.7) 4(22.2)
IFN-y tests
Positive T-SPOT.TB 37/39 (94.9) 54/56 (96.4) 31/34 91.2) 12/13 (92.3)  46/52 (88.5) 15/17 (88.2)
Positive QFT-G-IT 34/40 (85) 34/54 (63) 27/35 (71.1) 9/12 (75) 43/48 (89.6) 13/16 (81.3)

There were no significant differences for the IFN-y
released in QFT-G-IT between the different groups of
patients (Fig. 1).

To determine an ESAT-6, CFP-10, and RD1 responder T-
cell enumeration threshold in T-SPOT.TB, and an IFN-y
release level threshold in QFT-G-IT to differentiate between
active TB and LTBI, we identified the areas under the ROC
curve in adult patients as 0.599 (95% confidence interval
[CT1], 0.489-0.710), 0.677 (95% CI, 0.571-0.783), 0.668
(95% CI, 0.563—0.772), and 0.504 (95% CI, 0.387-0.621),
respectively (Fig. 2). Although there was overlapping, we
could define a threshold to differentiate between active TB
and LTBI (Table 3). The optimal threshold was 69 CFP-10 T
cells, with a sensitivity of 45.9% and a specificity of 81.2%.

In contrast, the best threshold point was 116 RD1 T cells
with a sensitivity of 43.2% and a specificity of 81.2%.

3.2. Pediatric population results

In the pediatric population, the median numbers of ESAT-
6, CFP-10, and RD1 T cells in T-SPOT.TB and the median
IFN-y release in QFT-G-IT were higher in active TB
individuals than in contact-tracing studies or children
screened for LTBI (Table 2 and Fig. 3).

The differences in the number of ESAT-6, CFP-10, and
RD1 T cells stimulated in T-SPOT.TB and the IFN-y
released in QFT-G-IT between the 3 groups of pediatric
patients were not significant (Fig. 3).

Table 2
T-cell enumeration for 7-SPOT.TB after antigen stimulation and IFN-y release determined by QF7-G-IT in the different groups of patients
Group of Adult population Pediatric population
patients n Mean SD Medin  5-95 percentile  n Memn  SD Median  5-95 percentile
T-cell enumeration after ESAT-6 stimulation
Active TB 37 3795 35.62 36.00 0.90-17.50 12 5025 52.81 32.00 1.00-152.40
Contact tracing 54 3531 47.42 11.50 1.00-149.00 46 3778 41.04 18.00 1.00-128.05
LTBI screening 31 20.13 23.00 12.00 0.20-79.20 15 27.87 31.52 20.00 5.00-87.40
T-cell enumeration after CFP-10 stimulation
Active TB 37 65.14 53.00 54.00 1.80-192.80 12 4533 31.64 40.50 4.00-85.10
Contact tracing 54 42.03 42.02 25.00 1.00-144.75 46 46.09 41.66 29.50 2.35-140.40
LTBI screening 31 2726 27.26 15.00 2.00-91.80 15 41.00 36.12 22.00 4.00-103.40
T-cell after RD1 stimulati
Active TB 37 103.08 70.85 87.00 10.70-247.70 12 95.58 65.26 91.50 17.00-213.10
Contact tracing 54 7133 76.45 50.50 9.75-269.50 46 83.87 72.05 62.00 8.35-224.65
LTBI screening 31 4739 44.89 26.00 8.00-154.00 15 68.87 42.08 66.00 13.00-136.80
IFN-y release after antigen stimulation in QFT-G-IT
Active TB 34 7.74 1143 3.99 0.66-2.15 9 13.04 18.68 592 0.36-21.34
Contact tracing 34 17.711 48.95 6.12 0.37-105.09 43 1043 21.11 355 0.45-35.86
LTBI screening 27 6.56 1341 2.11 0.42-49.78 13 7.69 8.11 4.68 0.47-23.71
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Fig. 1. T-cell enumeration and IFN-vy release after antigen stimulation in the different groups of adults.

The areas under the ROC curve for ESAT-6, CFP-10,RD1,
and IFN-vy release were 0.555 (95% CI, 0.355-0.755), 0.534
(95% CL 0.371-0.697), 0.596 (95% CI, 0.436-0.757), and
0.517 (95% CI, 0.282-0.752), respectively (Fig. 4).

The best threshold point was 65 ESAT-6 T cells, with a
sensitivity of 33.3% and a specificity of 80%. However,
when we studied RD1 response, the best threshold point was
145 RD1 T cells with a sensitivity of 25% and a specificity of
82%. The cutoff point determined for CFP-10 had a low

sensitivity (16.7%) in this population. For QFT-G-IT, we
determined 17.10 IU/mL of IFN-vy released with a sensitivity
of 33.3% and a specificity of 83.9% (Table 3).

4. Discussion

Although the new generation of IFN-y immune-based
assays have been designed to diagnose LTBI, they have also
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Fig. 2. ROC curve for (A) ESAT-6, CFP-10, (B) RD1 T-cells enumeration, and (C) IFN-vy release between adults with active TB and LTBL

been explored for use in the diagnosis of active TB, reporting
sensitivities between 70% and 90% (Arend et al., 2007;
Detjen et al., 2007; Dominguez et al., 2008; Dominguez
et al., 2009a; Ferrara et al., 2006; Kang et al., 2007; Lee
et al., 2006; Rangaka et al., 2007). Nevertheless, using the
cutoff point defined by the manufacturers, IFN-y tests
cannot distinguish between LTBI and active TB when they
are performed on blood. We present the results of a study that
was designed to evaluate the quantitative specific ESAT-6,
CFP-10, and TB7.7 T-cell response in the adult and children
populations by means of T-SPOT.TB and QFT-G-IT.

To establish a cutoff point to differentiate between active
TB and LTBI, we have assessed the best sensitivity for ROC
curve in each case, considering an optimal specificity equal
to or higher than 80%. Given that the potential use of these
tests would be as a complementary tool for diagnosing active
TB patients without any microbiological findings, it is
necessary to define a cutoff point that makes the test more
specific to avoid false-positive results. However, this
consideration could be adjusted according to the prevalence
of the M. tuberculosis infection in each area. The main
problem with using IFN-vy assays to diagnose active TB is
their poor specificity for disease. Therefore, when active TB
is suspected in adults from countries with a high incidence of
TB, as well as high-risk populations in countries with a low
incidence of TB (foreign-born or close contacts), the
specificity of the tests is very low. Therefore, the positive

predictive value will also be low. On the contrary, in patients
at very high risk of disease (suspected clinical and radiologic
active TB), but with a low probability of latent infection
(low-risk populations from low-incidence countries), the
positive predictive value is high. Positive IFN-y assays are
very useful in the diagnosis of active TB, especially the
positive results above the defined thresholds (Menzies,
2008). In our study, the 14.3%, 61.9%, and 42.9% of adult
patients with smear-negative active TB obtained a T-cell
count above the ESAT-6, CFP-10, and RD1 described
thresholds, respectively.

The overall results show a higher number of positive
results for T-SPOT.TB than QFT-G-IT. This is consistent
with the results reported previously (Chee et al., 2008b;
Dominguez et al., 2009a; Ferrara et al., 2006; Goletti et al.,
2006; Kang et al., 2007; Lee et al., 2006). In our experience,
in adult patients, the number of responder T cells after RD1
antigens stimulation was significantly higher in active TB
than in LTBI patients. However, there is a large amount of
overlapping that makes it difficult to distinguish active TB
from LTBI.

Fox et al. (2007) studied ESAT-6 and CFP-10 responses
for T-SPOT.TB in 183 smear-positive TB cases and 1673
household contacts, finding a higher CFP-10 response in TB
cases, indicating that CFP-10 could be an indicator of active
TB. They hypothesized that CFP-10 could reflect the number
and nature of T-cell epitopes and that CFP-10 responses in

Table 3
Optimal threshold level for ROC curve analysis, sensitivity and specificity in adult and pediatric patients
Adult population Pediatric population
Threshold® Sensitivity (%) Specificity (%) Threshold® Sensitivity (%) Specificity (%)
T-SPOT.TB
ESAT-6 61 27 84.7 65 333 80
CFP-10 69 459 81.2 82.5 16.7 80.3
RDI 116 432 812 145 25 82
QFT-G-IT
IFN-y released 19.04 8.8 86.9 17.10 333 83.9

® SFU enumeration for T-SPOT.TB and international unit per milliliter of [FN-y for QFT-G-IT giving an optimal specificity equal to or higher than 80%.
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Fig. 3. T-cell enumeration and IFN-+y release after antigen stimulation in the different groups of children.

active TB patients could be more reliable than ESAT-6
responses in CD8-T cells as regards contacts. In our study,
the enumeration of responder T cells after stimulation with
CFP-10 yielded significant differences between active TB
and the other 2 groups of LTBI patients, whereas responder
T cells after stimulation with ESAT-6 only yielded
differences between active TB and screened LTBI patients.
In our experience, a cutoff point of 69 CFP-10 T cells
provides a sensitivity of 45.9% with a specificity of 81.2%.

Recently, studying the T-cell response, Kobashi et al.
(2008) explained that the quantitative responses to CFP-10
decrease during the treatment of active TB, and that it might

be useful as a monitoring marker of clinical efficacy. We
have also stated (Dominguez et al., 2009a) that the number
of CFP-10 responder T cells decreases during the treatment
when compared with the beginning of the therapy, although
in our experience, the difference is not significant.
However, the response against CFP-10 at the end of the
treatment increases, achieving similar values to the one
obtained before treatment.

Janssens et al. (2007) evaluated the quantification of RD1
antigen responder T cells for T-SPOT.TB to differentiate
active TB from LTBI. They studied contacts with a positive
T-SPOT.TB and patients diagnosed with active TB. By ROC
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Fig. 4. ROC curve for (A) ESAT-6, CFP-10, (B) RD1 T-cells enumeration, and (C) IFN-y release between children with active TB and LTBL

curve analysis, they could establish a threshold value of 49.5
SFUs, with a sensitivity of 83% and a specificity of 74%.
Nevertheless, they concluded that the test could not be
recommended for diagnosing active TB. The difference in
the threshold value between our result and the study by
Janssens et al. could be explained by differences in the study
population. To calculate the threshold value, Janssens et al.
used patients from contact-tracing studies with both positive
and negative TST results. As the authors reported, the mean
SFU number obtained by negative TST contact patients was
lower than that obtained by positive TST contact patients.
Therefore, when both groups of patients (negative and
positive TST) are analyzed together, the threshold value is
lower than if only the positive TST patients are considered.
‘We have proposed as optimum a threshold of 116 RD1 spots
with a sensitivity of 43% and a specificity of 81% in adult
patients. In our study, using a threshold of 50 SFUs, the
sensitivity (70.3%) and the specificity (56.5%) were slightly
lower than in the study by Janssens et al.

Recently, Chee et al. (2008a) also compared the
quantitative T-cell response measured by the 2 available
tests to distinguish active TB from LTBI. They reported that
the median number of SFU in response to ESAT-6 and CFP-
10 was significantly higher in active TB patients than in
LTBI patients; in contrast, the median IFN-vy level of the
QFT-G-IT showed no significant differences between the 2
groups. The authors noticed a large degree of overlapping in
the range of values obtained by patients diagnosed with
active TB or LTBL

In the adult population, the IFN-vy released by QFT-G-
IT did not show significant differences between active TB
and LTBI patients. Indeed, the IFN-y released was higher
in contacts than in active TB patients. This result is
probably related to the fact that patients with active TB
have a low frequency of circulating specific IFN-y—
secreting T cells on peripheral blood (Pathan et al., 2001)
because of a sequestration of specific T cells to the site of
active TB (Barnes et al., 1993; Hirsch et al, 1999) and
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because of the fact that IFN-vy released in the QFT-G-IT
methodology is diluted in the overall volume of blood. In
contrast, T-SPOT.TB is always performed with a standard-
ized number of T cells.

In the pediatric population, both tests have a higher
number of responder T cells against the specific antigens and
a higher level of IFN-+y released in active TB cases than in
LTBI cases, although the differences were not significant. In
all cases, the ROC curve analysis offers a very low
sensitivity. The absence of significant differences in the
response between active TB and LTBI could be explained by
the fact that pediatric infection is usually recent. Therefore,
the response 1is still strong, being similar to the one obtained
in an active TB. This could explain the slight differences
between contacts and screened children. This observation is
consistent with the current evidence that T-cell response may
indicate mycobacterial burden and disease activity (Chee et
al., 2008a). In 1052 healthy household contacts of smear-
positive pTB index patients, Hill et al. (2005) reported a high
quantitative ELISPOT response in contacts with recent
exposure, reflecting M. fuberculosis infectious load.

Although the IFN-y tests were not able to distinguish
between active TB and LTBI, given that in childhood,
especially in young children, the risk of progression to active
TB is high, a rapid and specific diagnosis of LTBI is essential
in preventing progression to disease. Moreover, IFN-vy tests
may provide useful information in children being evaluated
for suspected TB. In a recent study (Connell et al., 2008) on
the pediatric population, in the evaluation of 9 children with
suspected active TB, QFT-G-IT and T-SPOT.TB were
positive in 8 and 9 cases, respectively. In our experience
(Dominguez et al., 2008), both tests were also positive in 6
(66.7%) of the 9 children examined with active TB.

Alternative approaches have been developed to use IFN-y
tests as diagnostic tools for active TB. The use of RD1
selected peptides to distinguish patients with active TB from
infected individuals has been evaluated. These peptides are a
selection of Human Leukocyte Antigen (HLA) class IT-
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restricted RD1 region from ESAT-6 and CFP-10 MTB
proteins. An association between the response to these
selected peptides and active TB disease has been described
(Goletti et al., 2005, 2006, 2008a; Vincenti et al., 2003).
Furthermore, Goletti et al. (2006) evaluated the response to
RD1 selected peptides in 23 pTB cases and 32 control
patients, obtaining a sensitivity and a specificity of 70% and
91%, respectively. In contrast, the sensitivity and specificity
of the 2 commercially available tests were 91% and 59% for
T-SPOT.TB and 83% and 59% for QFT-G, respectively.

Recently, Dosanjh et al. (2008) have developed a new
IFN-y test (ELISpot®"US) that contains ESAT-6 and CFP-10
used in T-SPOT.TB and includes a third new antigen
encoded in the genomic segment RD1 called Rv3879c. They
studied 389 adults with a moderate to high probability of
having active TB. The sensitivity for patients with a culture
confirmed result was 85% with T-SPOT.TB and 89% with
ELISpot™ S, This new assay had 4% higher diagnostic
sensitivity than the standard T-SPOT.TB and improved the
diagnosis of suspected TB to a sensitivity of 99% in
combination with the TST. Moreovet, the combined use of
TST with the ELISpot™"® assay conferred a rapid exclusion
of TB when both tests were negative and the pretest
probability was low.

In this regard, in a recent multicenter Tuberculosis
Network European Trialsgroup (TBNET) study (Goletti et
al., 2008b), 2 commercial IFN-y tests and the new assay
based on RD1 selected peptides were evaluated, obtaining a
similar accuracy for diagnosing active TB. They found that
the combination of any of the IFN-y tests evaluated with the
TST might allow exclusion of TB.

Another approach is to investigate the use of altemative
markers such as CXCL-10, also named IFN-y inducible
protein 10 (IP-10), and interleukin 2 (IL-2) to improve the
diagnosis of active TB (Djoba Siawaya et al., 2007,
Ruhwald et al., 2007). Interestingly, Ruhwald et al. (2007)
studied IP-10, IL-2, and IFN-y on 12 positive QFT-G-IT
patients with confirmed TB and 11 negative QFT-G-IT
healthy controls. The results suggested that the expression
of IP-10 in active TB patients was 5.6 times higher than in
healthy controls. In contrast, in the pediatric population,
‘Whittaker et al. (2008) found that the baseline levels of IP-
10 are increased in active TB and in LTBI, but there is no
significant difference of stimulated levels of IP-10 between
active TB and LTBI. Therefore, they concluded that IP-10
does not distinguish between active TB and LTBI. This
observation is consistent with the idea that in the pediatric
population, no significant difference in responses between
LTBI and active TB children occurs because the infection
is always recent, reinforcing the theory that quantitative T-
cell assay reflects infectious load. Further studies are
needed to establish the use of IP-10 cytokine alone or in
combination with IFN-vy for the diagnosis of active TB and
LTBI in adult and pediatric patients.

A new open strategy to diagnose the disease is based on
detecting the MTB-specific T cell recruited in the site of the
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infection by means of ELISPOT techniques (Jafari et al.,
2008; Losi et al., 2007; Wilkinson et al., 2005). This strategy
could be a good alternative for the diagnosis of smear-
negative pTB and also some extrapulmonary TB diseases.

In summary, T-cell enumeration after ESAT-6, CFP-10,
and RD1 stimulation is high in patients with active TB. Our
results demonstrate that the specific antigen CFP-10
response could be a more specific marker of active TB.
Moreover, although there is overlapping, in patients with
clinically suspected TB, a T-cell count above the described
threshold could suggest active TB, especially in patients with
a high probability of having active TB and low probability of
having LTBI. Further research evaluating the quantitative T-
cell response in contact patients and their subsequent
development of active TB is required.
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Evaluating the non-tuberculous
mycobacteria effect in the tuberculosis
infection diagnosis
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ABSTRACT: The alm of the present study was to determine the role of previous non-tuberculous
mycobacteria sensitisation in children as a factor of discordant results between tuberculin skin
test (TST) and an in vitro T-cell based assay (T-SPOT.TB; Oxford Immunotec, Oxford, UK).

We enrolled 21 non-bacille Calmette-Guérin-vaccinated paediatric patients for suspicious of latent
tuberculosls Infection (LTBI). These patlents ylelded a posltive TST and a negative T-SPOT.TB.
Cells were stimulated with Mycobacterium avium sensitin (having cross-reaction with Mycobacterium
intracellulare and Mycobacterium scrofulaceum) and the presence of reactive T-cells was

determined by an ex vivo ELISPOT.

From the 21 patlents, In 10 cases (47.6%), we abtalned a positive ELISPOT result after
stimulation with M. avium sensltin, In six (28.6%) cases, the result was negative and In the
remaining five (23.8%) cases, the result was indeterminate.

In conclusion, previous non-tuberculous mycobacteria sensitisation induces false-positive
results In the TST for dlagnosing LTBI and the use of y-Interferon tests could avold unnecessary
chemoprophylaxis treatment among a child population.

KEYWORDS: Chlidhood, ELISPOT, Interferon-y release assays, latent tuberculosls Infection,
Mycobacterium avium sensitin, non-tuberculous mycobacteria

he detection and treatment of active TBis a

key strategy in the control of childhood

tuberculosis (TB) [1]. Children have a high
risk of progression to active TB [2]. Therefore, a
rapid and specific diagnosis of latent TB infection
(LTBI) is essential in preventing the progression
to disease. The tuberculin skin test (TST) attempts
to measure cell-mediated immunity in the form
of a delayed-type hypersensitivity response to
the purified protein derivative (PPD) [3]. The
biggest drawback of TST is that individuals
sensitised by previous exposure to non-tubercu-
lous mycobacteria (NTM) or vaccinated with
Mycobacterium bovis bacilli Calmette-Guérin (BCG)
respond immunologically to PPD. Consequently,
unnecessary latent tuberculosis treatments are
prescribed.

In vitro assays for measuring T-cell-mediated
immune responses have been developed. In these
assays, infected individuals are identified by
the detection of y-interferon (IFN-y) released by
the T-cells that are sensitised after being stimu-
lated with the specific Mycobacterium tuberculosis
(MTB) antigens of region of deletion (RD) 1
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(early-secreted antigenic target protein (ESAT)-6
and 10-kD culture filtrate protein (CFP)-10) [4, 5].
Promising results from these diagnostic tests
in both adults and children have been published
[6-11].

However, there are several discordant results
between the IFN-y tests and the TST [12]. One of the
more challenging correct interpretations remains
in the instance of positive TST and negative IFN-y
results in non-BCG vaccinated children. In our
experience [7], among unvaccinated children with
a positive TST, the T-SPOT.TB result was negative
in 56.6% of the cases.

The aim of the present study was to determine
the role of previous NTM sensitisation in
children as a factor of discordant results between
TST and the T-SPOT.TB test.

MATERIAL AND METHODS

Patients and inclusion criteria

We retrospectively enrolled a total of 21 paedi-
atric patients, who attended Hospital Universitari
Germans Trias i Pujol (Badalona, Spain) or TB
Control and Prevention Unit of Barcelona (CAP
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Drassanes, Barcalona, Spain) for suspicion of LTBL These
patients were enrolled for contact tracing studies or for
screening of LTBL Inclusion criteria for this selected popula-
tion were a positive TST, a negative T-SPOT.TB, non-BCG
vaccination and no more than 2 weeks of chemoprophylaxis
when blood sampling. None of the children presented
lymphadenitis at the time of inclusion. We have also included
control groups to validate the methodology and the results: 11
children with both TST and T-SPOT.TB negative results, and
six individuals with microbiologically confirmed M. avium
infection (four lymphadenitis and two respiratory infections).
Another additional group of 10 children with both TST- and T-
SPOT.TB-positive results was included in order to know the
background of M. tuberculosis and M. avium sensitisation in the
population. The main demographic characteristics of the
groups included in the study are shown in table 1.

Ethics approval for this study was provided by the corre-
sponding Ethics Committees. We obtained written informed
consent from all parents before blood sampling. A detailed
questionnaire from all patients was completed to indicate the
results of any previous TST, BCG vaccination status, details of
any contact with a person diagnosed of active TB, history of

m Demographic characteristics of patients studied

RESPIRATORY INFECTIONS AND TUBERCULOSIS

prior active TB, LTBI and HIV infection, chest radiography and
other medical conditions.

TST

Two intradermal tuberculin units of PPD RI23 Tween 80
(Statens Serum Institut, Copenhagen, Denmark) were used to
perform TST. The tuberculin was administered using Mantoux
method, and the size of the induration was interpreted after
48-72 h by trained personnel. In this study, TST indurations
>5 mm were classified as positive [13].

Detection of T-cell sensitised against MTB specific anitigens
Peripheral blood mononuclear cells (PBMCs) were stimulated
with ESAT-6 and CFP-10 antigens individually. The presence
of reactive antigen-specific T-cells was revealed by ELISPOT
(T-SPOT.TB; Oxford Immunotec, Oxford, UK). The test was
performed in accordance with the manufacturer’s instructions.
Unstimulated cells were washed with RPMI medium
(Invitrogen, Auckland, New Zealand) and resuspended in
freeze medium (80% RPMI and 20% free bovine serum (PAA
Laboratories GmbH, Pasching, Austria)), adding dropwise
10% DMSO (Merck, Darmstadt, Germany) and frozen at -80°C.

Varlable Study group Control groups
TST and T-SPOT.TB TST and T-SPOT.TB Microblologically
negatives positives confirmed M. avium
Infection
Subjects 21 1 10 6
Sex
Mele 10 (47.6) 3 (27.3) 6 (60) 4 (66.7)
Female 11 (52.4) 8 (72.7) 4 (40) 2 (333
Age yrs 8.8114.03 11.85+4.562 10+3.02 17.54+20.92
BCG vaccinated
Yes 0 (0) 5 (45.5) 3 (30) 0 (0)
No 21 (100) 8 (54.5) 7 (70) 6 (100)
Immunosupression
Yes 0(0) 0 (0) 00 0 (0)
No 21 (100) 11 (100) 10 (100) 6 (100)
Birth country
Immigrants from countries with high prevalence of TB infection 5 (23.8) 6 (54.5) 3(30) 0 (0)
Residents in a non-epidemic TB country 16 (76.2) 5 (45.5) 7 (70) 6 (100)
Origin
Contact fracing studies 6 (28.6) 8 (72.7) 10 (100)
Screening of LTBI at school 15 (71.4) 3 (27.3) 0(0)
T-SPOT.TB
Positive 0 o 10 o*
Negative 21 21 0 3
Indeterminate 0 (4] 0 1
Ex vivo ELISPOT M. avium sensttin stimulation
Positive 10 (] 5 4
Negative [ 1 3 17
Indeterminate 5 (] 2 1

Data are presented as n, n (%) or meansp. TST: tuberculin skin test; M. avium: Mycobacterium avium; BCG: bagilli Calmette-Guérin; TB: tubsrculosis; LTBI
infection. *: in one case, active TB was documented 8 yrs before; T: M. avium infection was reported 2 yrs before.
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Detection of T-cell sensitised against NTM sensitin

The stimulation of the T-cells was performed using M. avium
sensitin (Statens Serum Institute, Copenhagen, Denmark). The
manufacturer informed that this sensitin has cross reaction with
Mycobacterium intracellulare and Mycobacterium scrofulaceum. In
order to perform ex vivo ELISPOT, stimulating with M. avium
sensitin, cells were thawed and re-suspended in 10 mL of RPMI
medium. Finally, cells were washed, re-suspended in AIM-V
medium (Invitrogen, Auckland, New Zealand) and stimulated
with medium alone (as nil control), phytohaemagglutinin (as
positive control) and M. avium sensitin at a concentration of
10 ;.Lg~mL'l. Plates were incubated for 16-20 h at 37°C with 5%
CO,. Following incubation, wells were washed with PBS and
incubated for 1 h at 2°C with a monoclonal antibody to IFN-y
conjugated to alkaline phosphatase. The presence of reactive
antigen-specific T-cells was revealed as a spot in the well.

Interpretation of the results

Spots were scored using an automated ELISPOT plate reader
(Lector AID Elispots; Autoimmun Diagnostiks GmbH,
Germany). All readings were also manually verified. The
results of the assays were expressed as ESAT-6, CFP-10 and M.
avium sensitin specific responder cells per million PBMCs. Test
wells were scored as positive if the number of responder cells
per million PBMCs minus their number in the control negative
was >24. The result of the assay was considered indeterminate
if the number of positive control cells per million PBMCs was
<80, and the response to both of the antigen panels was
negative.

RESULTS

From the 21 children with positive TST and negative T-
SPOT.TB, a positive ELISPOT result after stimulation with M.
avium sensitin was obtained in 10 (47.6%) cases. In six (28.6%)
cases the result was negative and in the remaining five (23.8%)
cases the result was indeterminate. The number of responder
T-cells after M. avium sensitin stimulation was significantly
higher than the number of responder T-cells after specific MTB
antigens (ESAT-6 and CFP-10) stimulation: p=0.001 and
p<0.001, respectively.

|. LATORRE ET AL.

Positive results n

5 6 7 8 9 10 12 15 19
Induration size mm

FIGURE 1. Induration size distribution of pasitive results of the tuberculin skin
test (M) and ex vivo Mycobacterium avium sensitin ELISPOT ( ) among the
children with a valid result,

Among the 10 children that obtained a positive result after
stimulation with M. avium sensitin, five children were aged 6—
7yrs and the other five children were aged 11-16 yrs.
Additionally, eight were enrolled during LTBI screening at
school and the remaining two, during a contact tracing study.
Regarding the induration of the TST, eight of these children
were in the range of 5-10 mm, one case was 15 mm and the
other case was 19 mm (fig. 1).

In all children with both TST- and T-SPOT.TB-negative results
included as controls, negative ELISPOT results after stimula-
tion with M. avium sensitin were obtained. There were no
significant differences between the number of responder T-
cells after stimulation with ESAT-6, CFP-10 and M. avium
sensitin. The differences in the number of responder T-cells to
M. avium sensitin between the patients study group and this
control group were significant (p=0.004) (fig. 2). In the group
of individuals with microbiologically confirmed M. avium
infection, four out of five cases with valid results, cells

2700 .
S
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4 . .
ESAT-6 CFF;-1 0 M. avium sensitin ESAT-6 CFP-10 M. aviurr; sensitin

Study group

Children with TST and T-SPOT.TB negative results

FIGURE 2. Number of responder T-cells enumerated by ex vivo ELISPOT after stimulation with the specific Mycobacterium tuberculosis antigens (early secretary antigen
target (ESAT)-6 and culture filtrate protein (CFP)-10) and Mycobacterium avium (M. avium) sensitin in the study group and children with tuberculin skin test (TST)- and

T-SPOT.TB-negative results. PBMC: peripheral blood mononuclear cells.
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sensitised against M. avium were detected. The results obtained
by the study and all control groups are presented in table 1.
The indeterminate results were due to the low number of cells
recovered after thawing.

DISCUSSION

Although specificity of IFN-y tests is excellent because the
assay is not affected by BCG vaccination [6-8], frequent
discordant results with TST have been described [6, 7, 14]. In
fact, it has been recommended for priority research to obtain
data to understand discordant TST and IFN-y tests resulis,
including the role of NTM [12]. To date, the effect of NTM on
IFN-y tests results has been poorly studied. In this sense, we
have studied the effect of previous NTM sensitisation to try to
give an explanation for the discordant results of positive TST
and negative IFN-vy results in non-BCG vaccinated children.
Among the 16 children with a valid result, 10 (62.5%) children
had a specific response of T-cells after stimulation with M.
avium sensitin.

It has been described that asymptomatic infections with M.
avium and other NTM are common [15] and probably acquired
in childhood [16-19]. In our area, the estimation of NTM
infection in children with a positive TST (5~10 mm) ranged 20~
50% [16]. According with our resulis, using the ex vivo
ELISPOT, eight (80%) of the 10 children reactive against M.
avium sensitin had a positive TST between 5 and 10 mm, and
nine (90%) of them between 5 and 15 mm. Indeed, in the
children control group with TST- and T-SPOT.TB-positive
results, the presence of T-cell sensitised against M. avium was
detected in five out of the eight cases with valid result.

In our study, eight out of 10 children with a positive M. avium
sensitin T-cell assay from our study group were enrolled from a
routine screening of LTBI without known exposure to any active
TB patient. Given that NTM infection affects the TST reading,
it is in this group of children where IFN-y tests could be
used to confirm the diagnosis in case of a positive TST result.

Regarding the six remaining discordant results without T-cell
response after M. avium sensitin stimulation, there are three
possible explanations. First, a real LTBI not detected by the
IFN-y test. Nevertheless, the sensitivity of the IFN-y tests is
considered to be higher than the TST, or at least at the same
level. Secondly, the IFN-y test enumerates effectors T-cells that
have recently been in contact with the antigen, in contrast, TST
remains positive a long period after past M. tuberculosis
infection [20]. However, in children the infection is usually
recent. The third explanation is that the positive TST was due
to a previous infection by a NTM without M. avium sensitin
cross-reaction. It was impossible to test more NTM sensitins
given that we didn’t have more PBMCs stored from these
patients.

One limitation of our study is that the skin test reactions to M.
avium sensitin were not performed at the moment of inclusion
of the children; therefore, it was not possible to correlate with
the ex vivo result. Another limitation is that we have tested a
reduced number of children. Nevertheless, despite these
limitations, the results obtained are sufficiently consistent to
draw some conclusions.

EUROPEAN RESPIRATORY JOURNAL
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In summary, our results show enough evidence to state that
previous NTM sensitisation in children induces false-positive
results in the TST for diagnosing LTBI and that the IFN-y tests
could avoid both unnecessary chemoprophylaxis treatment
among child populations and consuming resources searching
the index case.
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Discordance between TSTs and IFN-y release assays:
the role of NTM and the relevance of mycobacterial

sensitins

To the Editors:

We read with interest the recent study by LATORRE et al. [1]
entitled “Evaluating the non-tuberculous mycobacteria effect
in the tuberculosis infection diagnosis”. We agree that
discordance between tuberculin skin tests (TSTs) and inter-
feron (IFN)-y release assays (IGRAs) presents physicians with
a considerable management dilemma when evaluating chil-
dren for latent tuberculosis (TB) infection (LTBI) in routine
clinical practice. We have previously urged caution in the
interpretation of discordant results and have highlighted this
area as a research priority [2, 3]. We therefore commend the
authors for investigating a potential underlying cause of
discordance. However, we believe that the interpretation of
the data presented by LATORRE et al. [1] is based on erroneous
assumptions, and that as a result the conclusions are
overstated. We suggest that a more cautious and contextua-
lised interpretation of the study findings is warranted.

As indicated by LATORRE et al. [1], previous bacille Calmette—
Guérin immunisation and exposure to non-tuberculous myco-
bacteria (NTM) are frequently cited as the primary factors
underlying discordance between TSTs and IGRAs, although
convincing data to support these concepts are currently lacking.
In the study by LATORRE et al. [1], children with suspected LTBI
were assessed with a TST, a commercial IFN-y ELISpot assay
(the T.SPOT.TB assay, incorporating early secretory antigenic
target 6 (ESAT-6) and culture filtrate protein 10 (CFP-10)) and an
in-house IFN-y ELISpot assay using Mycobacterium avium
sensitin (MAS) as the stimulating antigen. In the subgroup of
children that had TST+/T.SPOT.TB- discordance, 47.6% showed
a “positive’” response in the IFN-y ELISpot using MAS as the
stimulant (contrasting with the absence of response to ESAT-6
and CFP-10). The authors interpret this observation as evidence
that previous NTM sensitisation in these children resulted in a
false-positive TST result and thereby discordance.

While we agree that this is one possible explanation, there is an
alternative explanation that would equally account for these
observations. Importantly, significant cross-reactivity between
different mycobacterial sensitins has been previously consis-
tently shown in animal models [4]. Furthermore, more than a
decade ago, LEIN et al. [5] convincingly demonstrated that T cell
assays incorporating MAS cannot reliably distinguish between
M. tuberculosis and M. avium complex (MAC) infection in
humans. In that study, the authors used the same MAS
preparation as LATORRE ef al. [1] to assess T-cell responses in
adults with culture-confirmed TB (n=27) or MAC (n=10)
infection. Somewhat unexpectedly, higher mean IFN-y con-
centrations were observed in supernatants from peripheral
blood mononuclear cells stimulated with MAS in patients with

214 VOLUME 36 NUMBER 1

TB than those with MAC infection. In addition, MAS-sensitised
T cells were detected in the majority of patients with TB. These
data strongly suggest that there is considerable cross-reactivity
between antigens encountered by the human immune system
during M. tuberculosis infection and antigens contained in
MAS. We also note that in the study by LATORRE et al. [1], in the
subgroup of children that were TST+/T.SPOT.TB+ (and there-
fore highly likely to have LTBI), 50% showed a “positive’”
response to MAS in the in-house IFN-y ELISpot assay, which
further questions the ability of MAS-based assays to discrimi-
nate between TB and NTM infection, or alternatively exposure.

The limited ability of MAS to distinguish between different
mycobacterial infections is not surprising. Unlike the well-
defined peptides ESAT-6 and CFP-10, which are thought to be
relatively M. tuberculosis-specific (despite orthologues of these
proteins being present in several other mycobacterial species
including M. kansasii, M. marinum and M. szulgai), MAS is a
mixture of heterogenous mycobacterial antigens, analogous to
the purified protein derivative used in the TST [6]. Cross-
reactivity with other mycobacterial species is therefore likely to
occur, as indicated by the manufacturer’s warning mentioned
by LATORRE et al. [1], that is particularly likely to be the case
with M. intracellulare and M. scrofulaceum.

Taken together, these facts make it questionable whether the
observations by LATORRE et al. [1] in the subgroup of children
with TST+/T.SPOT.TB- discordance truly reflect previous NTM
exposure. An alternative explanation is that the assays using
MAS detected T-cell sensitisation resulting from previous M.
tuberculosis exposure and/or LTBI (i.e. confirming the positive
TST), while the T.SPOT.TB produced a falsenegative result.
Published data show that up to one-third of children with
culture-proven active TB have negative or indeterminate
T.SPOT.TB assay results [7], which highlights the limitations of
these assays and lends support to the latter explanation. In the
absence of a gold standard for LTBI, neither hypothesis can be
tested with certainty. However, given these uncertainties we
believe it is premature of the authors to suggest that chemopro-
phylaxis could be safely withheld in these patients. Contrary to
the authors” assertions, we believe their study does not provide
“enough evidence” to justify changes in clinical practice.

We concur with LATORRE et al. [1] that there remains an urgent
need to explore the immunology of underlying discordance
between TSTs and IGRAs in greater detail. However, in view
of the comparatively poor performance of IGRAs in children
and the uncertainties surrounding their interpretation we, and
other researchers in this field, firmly believe that research to
identify better biomarkers and immunological correlates of TB
infection remains crucial [3].
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From the authors:

We do appreciate the comments by M. Tebruegge and co-
workers about our recently published manuscript in the
European Respiratory Journal [1]. The aim of this reply is to
clarify some points in order to interpret better the results of the
study, given that we think there were some misunderstandings.

In vitro assays for measuring interferon (IFN)-y released by the
T-cells after specific Mycobacterium tuberculosis stimulation
have demonstrated promising results in adults and also in
children for diagnosing tuberculosis (TB) infection [2, 3].
However, there are discordant results between IFN-y based
assays and the tuberculin skin test (TST) that require
clarification in order to assess the real utility of the in vitro
tests in the management of patients [2, 4].

In our study we determined the potential role of non-
tuberculous mycobacteria (NTM) sensitisation in children as
a factor of discordant results between TST and an in vitro T-cell
based assay (T.SPOT.TB; Oxford Immunotec, Oxford, UK). We
enrolled 21 non-bacille Calmette-Guérin vaccinated paediatric
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patients for suspicion of latent TB infection (LTBI). These
patients yielded a positive TST and a negative T.SPOT.TB.
Cells were stimulated with Mycobacterium avium sensitin
(MAS) and the presence of reactive T-cells was determined
by an ex vivo enzyme-linked immunospot assay. From the 16
patients with a valid result, in 10 cases we obtained a positive
ELISPOT result after stimulation with MAS.

Our main disagreement with the argumentation by M.
Tebruegge and co-workers resides in the fact that we are not
using MAS for distinguishing M. tuberculosis from NTM
infection. For this objective, we used the specific M. tuberculosis
RD1 antigens included in the T.SPOT.TB test, and, as no
response against RD1 antigens was obtained, we assessed T-
cell sensitisation against MAS antigens to investigate if NTM
sensitisation could be responsible for TST positivity. Indeed,
LEIN et al. [5], also referred to in the letter by M. Tebruegge and
co-workers, obtained significant immune responses to ESAT-6
from 59% of pulmonary M. tuberculosis disease patients
diagnosed, but no response was obtained from patients with
M. avium complex pulmonary disease.

However, we agree with M. Tebruegge and co-workers that in
some cases alternative explanation can also be possible. Given
that MAS are not totally specific, and cross-reactions with
other mycobacteria species have been described, we cannot
totally exclude the possibility that we are detecting, in some
cases, a response of specific T-cells against some M. tuberculosis
antigens different from ESAT-6 and CFP-10; or a false-negative
result of the T.SPOT.TB.

On the one hand, M. Tebruegge and co-workers have shown
some concerns about our group of children with positive TST
and positive T.SPOT.TB where 50% of children responded to the
MAS. The results are in concordance with the known cross-
reaction between MAS and other mycobacteria. Nevertheless,
we cannot totally reject simultaneous infection of M. tuberculosis
and NTM. Furthermore, these results are in total agreement
with those obtained by LEIN ¢t al. [5], where they found response
against MAS in 24 out of 27 M. tuberculosis disease patients.

On the other hand, we want to point out that the main MAS
positive results were obtained in children enrolled during LTBI
screening at school with TST induration >5 mm and <10 mm.
In all these children a complete medical exploration, including
clinical and radiographic studies, was performed, and active TB
was excluded. In the subsequent contact tracing studies no
index case was found. Based on the classical studies performed
by NYBOE [6], the main guidelines in this kind of child popu-
lation consider as a cut-off for M. tuberculosis infection a TST
induration >10 mm, in order to avoid false-positive TST results
induced by NTM immunisation [7]. Nevertheless, indurations
>15 mm [8] and 20 mm [9] have been reported in children with
NTM infections. Therefore, our results reinforce, in part, the
guidelines in that unnecessary chemoprophylaxis treatment in
this unexposed population could be avoided, and that IFN-y
based assays could help to confirm a positive TST result.

Children from contact-tracing studies truly exposed to an active
TB case merit special consideration as they can develop the
disease very quickly after primary infection, with the most severe
forms prevailing in younger children [10]. For this child popu-
lation we did not recommend withholding the chemoprophylaxis;
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but we stated that, according to our results, [FN-y based assays
could reduce unnecessary chemoprophylaxis in non-M. tubercu-
losis infected children. In fact, BAKIR ef al. [11] in a recent study
concluded that a positive IFN-y based assay result predicted the
development of active TB as well as the TST, allowing more
focused preventive therapy to fewer contacts.

In conclusion, we believe our results provide enough evidence
that previous NTM sensitisation induces false-positive results
in the TST for diagnosing LTBL but, we also strongly agree
with TEBRUEGGE et al. that additional studies are needed in
order to clarify different issues related to the discordant IFN-y
based assay results, and to assess the real utility in the
management and benefit of a child population.
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Specific Mycobacterium tuberculosis T cell responses to RD 1-selected
peptides for the monitoring of anti-tuberculosis therapy
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Abstract

Background: Recently, a selection of HLA class II-restricted epitopes of ESAT-6 and CFP-10 Mycobacterium tuberculosis
proteins from the region of difference (RD) 1 have been described. We have evaluated the host interferon-gamma (IFN-g)
T cell response to these RD 1 selected peptides at the beginning and during anti-tuberculosis therapy. M ethods: We studied
29 pulmonary TB patients enrolled at the beginning of treatment and 24 enrolled during treatment. We performed
T-SPOT.TB and ELISPOT with RD1 selected peptides. Results: Patients included at the beginning of treatment responded
producing IFN-g after antigen stimulation in 89.7% by means of T-SPOT.TB and 79.3% by means of RD1 selected
ELISPOT. In contrast, for patients included during treatment the percentages were 87.5% and 25%, respectively. Differ-
ences in sensitivities between patients evaluated at the beginning and during treatment were only significant for RD1
selected ELISPOT (p<<0.0001). Conclusions: T he host inmune response to RD 1 selected peptides is lower than to T-SPOT.
TB during therapy. Immunological assays based on RD1 selected peptides may be useful tools for studying the immune
response during anti-tuberculosis therapy.

Keywords: Mycobacterium tuberculosis, IFN-g assays, RD1 selected peptides, monitoring anti-TB treatment, immune response

Introduction T cell-mediated delayed-type hypersensitivity to

The basis for controlling the spread of tuberculosis
(TB) consists of the ability to diagnose it in its early
stages and to treat patients with active T B adequately
[1]. However, the diagnosis of TB is still difficult in
certain cases. Also, the monitoring of anti-T B treat-
ment based solely on clinical findings is difficult in
patients with TB. There is no evidence, besides clin-
ical findings, of a specific marker for the evaluation
and/or prediction of the correct progress of patients
during therapy and for the assessment of an adequate
treatment.

With regard to diagnosis, the tuberculin skin
test (TST) has been used widely as a complementary
tool for the diagnosis of TB. The TST measures a

purified protein derivative (PPD). However, it is well
known that the TST has poor specificity in bacille
Calmette-Guérin (BCG) vaccinated individuals
and in patients infected by non-tuberculous myco-
bacteria (NTM).

In recent years, new assays based on the in vitro
detection of interferon-gamma (IFN-g) secreted by
sensitized T cells to specific Mycobacterium tuber-
culosis antigens have been developed. IFN-g assays
provide a significant improvement for the diagnosis
of latent tuberculosis infection (LTBI) in adults
and children [2-8], and numerous studies have eval-
uated the utility of these assays in diagnosing active
TB [9-12]. These IFN-gimmune-assays use specific
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M. tuberculosis antigens that are encoded in the
genomic region of difference (RD) 1 (early-secreted
antigenic target protein (ESAT-6) and 10-kD
culture filtrate protein (CFP-10)) and in RDI1
(TB7.7 (Rv2654)) [13,14]. These antigens are based
on specific M. tuberculosis overlapping peptides
spanning the whole ESAT-6 and CFP-10 proteins
[15] and they are not present in the major ity of NTM
and BCG strains. Nowadays, there are 2 commercial
assays that detect IFN-gsecreted by specific T cells:
Quantiferon-TB Gold In-Tube (QFN-G-IT, Celles-
tis Ltd, Carnegie, Australia) and T-SPOT.TB
(Oxford Immunotec Ltd, Abingdon, UK).

Regarding the monitoring of treatment, the
short period of T cell incubation with specific M.
tuberculosis antigens in conventional IFN-g assays
reflects the frequencies of effector T cells that are
related to the antigen load. As a result, the number
of effector T cells and the amount of IFN-greleased
could be useful for monitoring anti-TB treatment
[16]. The impact of anti-TB treatment in reducing
the IFN-g response has been described elsewhere
[9,17-19]. However, other studies have shown an
increase in response during treatment [20-22].

In order to better control the spread of TB, it is
necessary to identify new antigenic targets to impro ve
knowledge of the host response against M. tubercu-
losis during active disease, and the kinetics during
treatment.

Recently, RD1 selected peptides have been
described [15,23]. They are a selection of HLA class
Il-restricted epitopes of ESAT-6 and CFP-10 M.
tuberculosis proteins, which were identified by quan-
titative implemented HLA peptide-binding motif
analysis and are associated with the response to
active T B. In addition, it has also been described that
the IFN-gresponse after RD 1 selected peptides stim-
ulation falls below the detection level in those patients
responding to treatment [24].

Therefore, the aim of the present study was to
determine the host IFN-gT cell responses to these
RD1 selected peptides by means of an exper imental
ELISPOT in patients with active TB, both at the
moment of diagnosis and during TB therapy, and to
compare the results with a commercial [IFN- g-based
assay (T-SPOT.TB).

Materials and methods
Study population

We studied a total of 81 adult patients who attended
the Hospital Universitari Germans Trias i Pujol and
the Unitat de Prevencio i Control de la Tuberculosi
of Barcelona. The main demographic characteristics
of patients included in the study are summar ized in
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Table 1. Ethics committee approval was obtained
from both institutions, as well as informed consent
from all patients. A detailed patient questionnaire
was used to collect the following data: previous TST,
BCG vaccination status, history of prior TB, chest
radiography, and other medical conditions. For those
patients with active TB, microbiology results and
details of anti-TB treatment were collected. Only
patients with a BCG scar were considered vaccinated.
None of the patients had immunosuppression.

Patients at different stages of anti-T B treatment —
at the beginning and during treatment — were
included in the study in order to evaluate the effect
of antibiotic therapy on the IFN- gimmune response.
For logistical reasons, it was impossible to perform
a longitudinal follow-up of the patients diagnosed at
the beginning of therapy.

Patients were classified into 3 different groups:
group | consisted of 29 active pulmonary TB
patients at the beginning of anti-TB treatment.
Patients were untreated or had received less than 2
weeks of therapy. Group 2 consisted of 24 active
pulmonary TB patients during their anti-TB treat-
ment. These patients were different from those in
group 1. Ten patients had received between 2 weeks
and 4 months of therapy, and the remaining 14 had
received more than 5 months of therapy. In both
groups, all TB cases were confirmed by culture. All
patients enrolled during treatment had an appropriate
clinical response to anti-TB treatment (clinical and
radiological improvement, and culture negativity).
Group 3 consisted of 28 healthy individuals, without
any previous positive TST, who were identified by

Table I. Demographic characteristics of patients included in the
study.

Group of patients

Active pulmonary TB

Beginning During Healthy

Variable treatment treatment controls
Gender, n (%)

Male 18 (62.1) 21 (87.5)  12(42.9)

Age median +SD, y 35+17.7 39.5+15.08 28+8.04

BCG-vaccinated, n (%)

Yes 6 (20.7) 3(12.5) 4(14.3)
Birth country, n (%)
Immigrants from 16 (55.2) 11 (45.8) 4 (14.3)
countries with high
prevalence of TB
infection
History of previous 0 (0) 0 (0) 0 (0)
active TB
History of prior 0 (0) 0 (0) 0 (0)

diagnosed LTBI

TB, tuberculosis; SD, standard deviation; BCG, bacille Calmette—
Guérin; LTBI, latent TB infection.
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contact tracing studies and who had been exposed to
a smear-positive T B case. T hese patients were enrolled
as controls, with negative commercial IFN-g assays
and negative TST.

None of the patients in any of the 3 groups
enrolled had a history of prior or past active TB or
diagnosed LTBI.

Tuberculin skin test

In accordance with our national guidelines [25],
the TST was performed using 2 intradermal tuber-
culin units of PPD RT23 (Statens Serum Institute,
Copenhagen, Denmark). The tuberculin was admin-
istered following the Mantoux method, and the size
of the induration was measured by an experienced
medical doctor 48-72 h after administration. TST
was performed at the beginning of treatment for
active pulmonary TB patients. TST indurations =5
mm were classified as positive in patients diagnosed
with active TB and contacts, in accordance with
the Spanish Society of Pneumology and Thoracic
Surgery guidelines [26].

T-SPOT.TB

Eight millilitres of blood were drawn in a vacutainer
CPT tube (Beckton Dickinson Diagnostics, Franklin
Lakes, NJ, USA) for the isolation of peripheral blood
mononuclear cells (PBMCs). Later, PBMCs were
washed twice by centrifugation with RPMI medium
(Invitrogen, Auckland, New Zealand) and resuspended
in AIM-V medium (Invitrogen, Auckland, New Zea-
land). Finally, viable cells were counted with an in verted
microscope using the trypan blue method.

The IFN-gproduced by PBMCs was detected by
T-SPOT.TB (Oxford Immunotec Limited, Abingdon,
UK), based in an enzyme-linked immunospot assay
(ELISPOT); testing was performed following the
manufacturer’s recommendations. Cells were incu-
bated with medium alone (negative control), phyto-
hemagglutinin (PHA) (positive control), ESAT-6
(panel A), and CFP-10 (panel B) in different wells
pre-coated with antibodies against IFN-g The assay
requires a total of 250,000 cells per well. The results
were interpreted according to the manufacturer’s rec-
ommendations, and expressed as spot-forming cells
(SFCs)/million PBMCs.

Reactive antigen-specific T cells were revealed
as spots on the well, and scored by naked eye with
the support of an automated AID ELISPOT plate
reader (Lector AID Elispots, Autoimmun Diagnos-
tiks GmbH, Germany). Test wells were scored as
positive if there were >24 SFCs/million PBMCs to
1 or both antigen panels. The result was considered
indeterminate if the response to both antigen panels
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was negative and if the number of SFCs/million
PBMCs in the positive control well was <80. In
addition, the immune response was also considered
indeterminate ifthe number of SFCs/million PBMCs
in the negative control was higher than 40. The num-
ber of SFCs/million PBMCs in the negative control
was subtracted from the number of SFCs/million
PBMCs in the stimulated cultures.

ELISPOT with RD1 selected peptides

PBMCs from each patient were incubated overnight
in an ELISPOT plate with a pool of selected ESAT-6
(at 10 mg/ml each) and CFP-10 (at 2 np/ml each),
as described previously [27]. PBMCs were also incu-
bated with PHA (positive control, at 5 ng/ml) and
with dimethyl sulfoxide (DMSO; negative control,
at 10 mp/ml; peptides were diluted in this reagent).
The assay requires a total of 250,000 cells per well.
The RD1 selected antigens were kindly provided
by D. Goletti from the National Institute for Infec-
tious Diseases of Rome (Italy).

According to previous data [15], the results were
interpreted as positive if >34 SFCs/million PBMCs
on ESAT-6 and/or CFP-10 selected peptide wells
were obtained. The result was considered valid if
SFCs/million PBMCs were >60 when incubated
with PHA and <40 when incubated with DMSO
(negative control). The number of SFCs/million
PBMCs in the negative control was subtracted
from the number of SFCs/million PBMCs in the
stimulated cultures.

Statistical analysis

Comparison of the number of spots and the IFN-g
released, and conversion to negative responses
between different groups of patients was performed
by Mann—Whitney U-test analysis. Differences
were considered significant when p-values were less
than 0.05.

The number of ESAT-6 and CFP-10 SFCs/
million PBMCs were summed and considered as an
overall RD1 response, as well as for RD1 selected
peptides [28]. All analyses were undertaken using
SPSS statistical software for Windows (SPSS v. 15.0;
SPSS Inc., Chicago; IL, USA). Graphical represen-
tations were done with GraphPad Prism version 4
(GraphPad Software, San Diego, CA, USA).

Results

Patients at the beginning and during
anti-TB treatment

The overall sensitivities of T-SPOT.TB and
RD1 selected ELISPOT in patients included at the
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beginning of treatment were 89.7% and 79.3%,
respectively (Table II). Differences in sensitivities
between RD1 selected ELISPOT and T-SPOT.TB
or TST for those patients enrolled at the beginning
of treatment were not significant (p=0.102 and
p=0.129, respectively).

In contrast, when evaluating patients during
treatment, the sensitivities decreased to 87.5%
and 25%, respectively (Table IT). Differences in sen-
sitivity between patients evaluated at the beginning
and during treatment were only significant for RD 1
selected ELISPOT (p<<0.0001). Positive TST
results were obtained for 92.3% (24/26 patients)
of patients at the beginning of treatment. Only
7 patients included during treatment were TST
tested at the moment of diagnosis, and all of them
were positive.

The rate of indeterminate results found in active
TB patients enrolled at the beginning of therapy
was 6.9% (2/29) for T-SPOT.TB and 10.3% (3/29)
for RD1 selected peptides ELISPO T the difference
was not significant (p=0.317). Indeterminate
results in active TB patients enrolled during treat-
ment were not obtained.

In patients from group 2, a relationship between
IFN-g response on T-SPOT.TB or RDI selected
ELISPOT and the length of anti-T B trea tment (more
than 5 months and less than 4 months of trea tment)
was not observed.

Median numbers of responder T cells in TB
patients at the beginning of therapy with regard
to those studied during treatment were significantly
different for both RD 1 antigens included in T-SPOT.
TB and RD1 selected peptides (p=0.013 and
»<0.0001, respectively) (Figure 1). Furthermore, in
active TB patients enrolled during treatment,
responses for RD1 selected ELISPOT were signifi-
cantly lower than for T-SPOT.TB (»p<0.0001).

Table II. Results of T-SPOT.TB and RD1 selected peptides in
the different groups of patients.

Group of patients

Active pulmonary TB

Beginning During Healthy
treatment treatment controls
T-SPOT.TB
Positive, n (%) 26 (89.7) 21 (87.5) -
Negative, n (%) 1(3.4) 3(12.5) 28 (100)
Indeterminate, n (%) 2(6.9) - -
RD1 selected peptides
ELISPOT
Positive, n (%) 23 (79.3) 6 (25) 4(14.3)
Negative, n (%) 3(10.3) 18 (75) 24 (85.7)
Indeterminate, n (%) 3(10.3) - -

TB, tuberculosis.
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Healthy controls

The proportion of negative results by RD1 selected
peptides ELISPOT in those individuals with negative
commercial IFN-g assays and TST was 85.7%
(Table 1I). In addition, in this group of patients we
found 4 positive results with RD 1 selected peptides.
No indeterminate results were observed in this
group.

Moreover, the median number of responder
T cells in TB patients at the beginning of therapy in
relation to healthy controls was significantly different
for both in vitro assays (p<<0.0001 in both cases).
However, when comparing TB patients during ther-
apy with regard to healthy controls these differences
were only significant for T-SPOT.TB (p<<0.0001)
(Figure 1).

Discussion

We present the results of an exper imental ELISPOT
based on ESAT-6 and CFP-10 selected peptides
in active pulmonary T B patients enrolled at the time
of TB diagnosis and during anti-TB treatment, in
order to explore the specific IFN-g M. tuberculosis
T cell responses during anti-T B therapy.

The utility of HLA class Il-restricted RD1
selected peptides has been evaluated in the immuno-
diagnosis of active TB. Vincenti et al. [23] studied
the response to ESAT-6 selected peptides, obtaining
a sensitivity of 74% and a specificity of 100%.
Furthermore, Goletti et al. [29] measured the diag-
nostic accuracy of ESAT-6 and CFP-10 selected
peptides for diagnosing TB disease using ELISPOT,
and they reported a sensitivity of 70% and a specifi city
0of 91%. The associated RD 1 selected response with
active TB has also recently been described [30].

The sensitivity of ELISPOT based on selected
peptides reported in our study was lower compared
with T-SPOT.TB and TST, although the difference
was not statistically significant. These differences in
sensitivities among the 3 assays may be related to the
amount and the composition of epitopes that are
employed in the different tests. Nevertheless, in a
recent multi-centre study by the Tuberculosis Net-
work European Trials group (TBNET) [27] it was
found that the combined use of negative results of
commercial IFN-g tests or novel assays based on
selected peptides with TST may allow rapid exclu-
sion of active TB.

Carrara et al. [24] studied the response to ESAT-6
selected peptides in 18 patients with microbiologi-
cally confirmed TB when they started treatment
and at 3 months after therapy. All patients had pos-
itive results at the time of the diagnosis, and only
5 patients presented positive results 3 months later.
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Figure 1. Number of responder T cells by RD 1 antigens included in T-SPOT.TB and RD 1 selected peptides in active T B patients included
at the beginning and during anti-TB treatment and healthy controls. The median number of responder T cells from each group is

represented by the grey line.

Additionally, Goletti et al. [31] found a significant
decrease in IFN-gresponse to selected RD 1 peptides
after completion of therapy in 12 patients co-infected
with HIV and M. tuberculosis. Our study confirms
previous studies [24,31] with the finding that RD1
selected responder T cells are lower during anti-TB
therapy than at the moment of diagnosis. Further,
we also compared the results of the experimental
RD1 selected ELISPOT with T-SPOT.TB in active
TB patients enrolled during treatment, and the
responses for RD1 selected ELISPOT were signifi-
cantly lower than for T-SPOT.TB (p<0.0001).
Our results also show that differences in responder
T cells between T B patients enrolled during therapy
with regard to healthy controls were only significant
for T-SPOT.TB (p<<0.0001), suggesting that the
IFN-g response in the 2 groups mentioned above
reached similar values after RD1 selected peptides
stimulation.

These findings suggest that the immunological
assay based on RDI1 selected peptides correlates
better with bacterial burden during TB treatment
than T-SPOT.TB, and could also be useful for mon-
itoring M. tuberculosis replication.

In this sense, memory T cells are able to persist
over time, even after bacterial clearance, but they
are not able to produce IFN-g during the short
period of time that they are incubated with the spe-
cific antigens. In contrast, effector T cells are able to
release IFN-g during this short exposure; therefore,
their frequency could be directly proportional to

antigen and bacterial load. This is probably the
reason why IFN-g responses decrease during an
adequate anti-TB treatment [16].

Controversially, it has recently been proposed
that the single quantification of IFN-g responses to
conventional antigens is insufficient as a biomarker
of mycobacterial load and active TB disease status.
In this regard, promising results of IFN-g measure-
ments with other cytokines like interleukin (IL)-2,
IFN-g inducible protein (IP)-10, or monocyte
chemotactic protein (MCP)-2 have been obtained
[32-35]. However, it has recently been described
that only IFN-gresponses to RD1 selected peptides
are associated with active TB, and although the
detection of other biomarkers like IL-2, IP-10, and
MCP-2 with these selected peptides have also been
associated with active T B, this fact did not improve
the accuracy of the assay [36]. In fact, it has recently
been described that both IP-10 and IFN-gresponses
to RD 1 selected peptides could be useful biomarker s
for monitoring the efficacy of therapy in patients with
active TB. They have shown how the response signifi-
cantly decreases after 6 months of trea tment [37].

Furthermore, immunogenicity of selected pep-
tides in individuals with LTBI who have recently
been exposed to M. tuberculosis has been described
during the monitoring of isoniazid prophylaxis. In
this study, RD1 selected peptides had a higher
decrease in IFN-g response compared to RDI
antigens [38]. Interestingly, we found 4 positive
results with ELISPOT based on selected peptides in
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healthy controls (4/28 patients) coming from contact
tracing studies and who had been exposed to a
smear-positive TB index case. These results may
suggest that the immunological assay based on
selected peptides could be useful in the diagnosis
of LTBI, and, therefore, that it correlates well with
bacterial burden.

The main limitations of our study are the lack of
longitudinal follow-up of patients included at the
beginning of treatment, and that the TST was only
performed on a subgroup ofthe included T B patients
(26/29 patients at the beginning of treatment and
7/24 patients during treatment). However, from our
point of view, results observed with RD Iselected
peptides are consistent enough to strengthen the
idea that immunological assays could be useful tools
for monitoring the effect of anti-TB therapy.

Although the role of immunological IFN-g
assays based on selected peptides for monitoring
active TB treatment requires further research, espe-
cially in patients who do not respond to therapy, our
study has shown that specific M. tuberculosis T cell
responses to RD I-selected peptides are lo wer during
anti-TB treatment than at the moment of diagnosis.
In summary, immunological assays based on selected
peptides correlate well with bacterial burden and
could be a potential tool for studying the host immune
response during anti-T B therapy.
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