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  Introduction 

 T he basis for controlling the spread of tuberculosis 
(T B) consists of the ability to diagnose it in its early 
stages and to treat patients with active T B adequately 
[1]. H owever, the diagnosis of T B is still diffi cult in 
certain cases. Also, the monitoring of anti-T B treat-
ment based solely on clinical fi ndings is diffi cult in 
patients with T B. T here is no evidence, besides clin-
ical fi ndings, of a specifi c 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 (T ST ) has been used widely as a complementary 
tool for the diagnosis of T B. T he T ST  measures a 

T  cell-mediated delayed-type hypersensitivity to 
purifi ed protein derivative (PPD). H owever, it is well 
known that the T ST  has poor specifi city in bacille 
Calmette – Gu é rin (BCG) vaccinated individuals 
and in patients infected by non-tuberculous myco-
bacteria (NT M). 

 In recent years, new assays based on the in vitro 
detection of interferon-gamma (IFN- g ) secreted by 
sensitized T  cells to specifi c Mycobacterium tuber-
culosis antigens have been developed. IFN- g  assays 
provide a signifi cant improvement for the diagnosis 
of latent tuberculosis infection (LT BI) in adults 
and children [2 – 8], and numerous studies have eval-
uated the utility of these assays in diagnosing active 
T B [9 – 12]. T hese IFN- g  immune-assays use specifi c 
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M. tuberculosis antigens tha t are encoded in the 
genomic region of difference (RD) 1 (early-secreted 
antigenic target protein (ESAT-6) and 10-kD 
culture fi ltrate protein (CFP-10)) and in RD11 
(T B7.7 (Rv2654)) [13,14].  T hese antigens are based 
on specifi c M. tuberculosis overlapping peptides 
spanning the whole ESAT-6 and CFP-10 proteins 
[15] and they are not present in the major ity of NT M 
and BCG strains. Nowadays, there are 2 commercial 
assays that detect IFN- g  secreted by specifi c T  cells: 
Quantiferon-T B Gold In-T ube (QFN-G-IT , Celles-
tis Ltd, Carnegie, Australia) and T-SPOT.T B 
(Oxford Immunotec Ltd, Abingdon, UK). 

 Regarding the monitor ing of treatment, the 
short period of T  cell incubation with specifi c M. 
tuberculosis antigens in con ventional IFN- g  assays 
refl ects 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- g  released 
could be useful for monitor ing anti-T B treatment 
[16]. T he impact of anti-T B trea tment in reducing 
the IFN- g  response has been descr ibed elsewhere 
[9,17 – 19]. H owever, other studies have shown an 
increase in response dur ing treatment [20 – 22]. 

 In order to better control the spread of T B, 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 dur ing 
treatment. 

 Recently, RD1 selected peptides have been 
described [15,23]. T hey are a selection of H LA class 
II-restr icted epitopes of ESAT-6 and CFP-10 M. 
tuberculosis proteins,  which were identifi ed by quan-
titative implemented H LA peptide-binding motif 
analysis and are associa ted with the response to 
active T B. In addition, it has also been descr ibed that 
the IFN- g  response after RD1 selected peptides stim-
ulation falls below the detection level in those patients 
responding to treatment [24]. 

 T herefore, the aim of the present study w as to 
determine the host IFN- g  T  cell responses to these 
RD1 selected peptides by means of an exper imental 
ELISPOT  in patients with active T B, both at the 
moment of diagnosis and dur ing T B therapy, and to 
compare the results with a commercial IFN- g -based 
assay (T-SPOT.T B).   

 Materials and m ethods  

 S tudy population 

 We studied a total of 81 adult pa tients who attended 
the H ospital Universitari Germans Trias i Pujol and 
the Unitat de Prevenci ó  i Control de la Tuberculosi 
of Barcelona. T he main demographic character istics 
of patients included in the study are summar ized in 

Table I. Ethics committee appro val was obtained 
from both institutions,  as well as informed consent 
from all patients. A detailed patient questionnaire 
was used to collect the follo wing data: previous T ST, 
BCG vaccination status, history of prior T B, chest 
radiography, and other medical conditions . For those 
patients with active T B, microbiology results and 
details of anti-T B trea tment 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 trea tment  –  
at the beginning and dur ing treatment  –  were 
included in the study in order to evaluate the effect 
of antibiotic therapy on the IFN- g  immune response. 
For logistical reasons, it was impossible to perfor m 
a longitudinal follow-up of the patients diagnosed at 
the beginning of therapy. 

 Patients were classifi ed into 3 different g roups: 
group 1 consisted of 29 active pulmonar y T B 
patients at the beginning of anti-T B trea tment. 
Patients were untreated or had received less than 2  
weeks of therapy. Group 2 consisted of 24 active 
pulmonary T B patients dur ing their anti-T B trea t-
ment. T hese 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 T B cases were confi rmed by culture. All 
patients enrolled dur ing treatment had an appropr iate 
clinical response to anti-T B trea tment (clinical and  
radiological improvement, and culture negativity). 
Group 3 consisted of 28 health y individuals, without 
any previous positive T ST, who were identifi ed by 

  Table I. Demographic character istics of patients included in the 
study.  

Group of patients

Active pulmonar y T B

Variable
Beginning 
treatment

During 
treatment

H ealthy 
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 countr y,  n  (%)

Immigrants from  
countr ies with high  
prevalence of  T B 
infection

16 (55.2) 11 (45.8) 4 (14.3)

H istory of previous 
active T B

0 (0) 0 (0) 0 (0)

H istory of pr ior 
diagnosed LT BI

0 (0) 0 (0) 0 (0)

   T B, tuberculosis; SD, standard deviation; BCG, bacille Calmette –
 Gu é rin; LT BI, latent T B 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 T ST. 

 None of the patients in any of the 3 groups 
enrolled had a histor y of prior or past active T B or 
diagnosed LT BI.   

 Tuberculin skin test 

 In accordance with our na tional guidelines [25],  
the T ST  was performed using 2 intrader mal tuber-
culin units of PPD RT 23 (Statens Serum Institute, 
Copenhagen, Denmark). T he tuberculin was admin-
istered following the Mantoux method,  and the size 
of the induration was measured by an exper ienced 
medical doctor 48 – 72 h after administra tion. T ST  
was performed at the beginning of treatment for 
active pulmonary T B patients. T ST  indurations   5 
mm were classifi ed as positive in patients diagnosed 
with active T B and contacts, in accordance with 
the Spanish Society of Pneumology and T horacic 
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 centr ifugation with RPMI medium  
(Invitrogen, Auckland, New Zealand) and resuspended  
in AIM-V medium (In vitrogen, Auckland, New Zea-
land). Finally, viable cells were counted with an in verted 
microscope using the tr ypan blue method. 

 T he IFN- g  produced by PBMCs was detected by 
T-SPOT.T B (Oxford Immunotec Limited,  Abingdon, 
UK), based in an enzyme-linked immunospot assa y 
(ELISPOT ); testing was performed following the 
manufacturer ’ s recommendations. Cells were incu-
bated with medium alone (nega tive control), phyto-
hemagglutinin (PH A) (positive control), ESAT-6 
(panel A), and CFP-10 (panel B) in different w ells 
pre-coated with antibodies against IFN- g . T he assay 
requires a total of 250,000 cells per w ell. T he results 
were interpreted according to the manufacturer ’ s rec-
ommendations, and expressed as spot-for ming cells 
(SFCs)/million PBMCs. 

 Reactive antigen-specifi c T  cells were revealed 
as spots on the well, and scored by naked eye with 
the suppor t 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. T he result was considered 
indeterminate if the response to both antigen panels 

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 if the number of SFCs/million PBMCs 
in the negative control was higher than 40.  T he num-
ber of SFCs/million PBMCs in the nega tive control 
was subtracted from the number of SFCs/million 
PBMCs in the stimula ted cultures.   

 ELISPOT with RD1 selected peptides 

 PBMCs from each pa tient were incubated overnight 
in an ELISPO T  plate with a pool of selected ESAT-6 
(at 10  m g/ml each) and CFP-10 (a t 2  m g/ml each), 
as descr ibed previously [27].  PBMCs were also incu-
bated with PH A (positive control, at 5  m g/ml) and 
with dimethyl sulfoxide (DMSO; negative control, 
at 10  m g/ml; peptides were diluted in this reagent).  
T he assay requires a total of 250,000 cells per w ell. 
T he RD1 selected antigens were kindly provided 
by D. Goletti from the National Institute for Infec-
tious Diseases of Rome (Italy).  

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

 S tatistical 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. D ifferences 
were considered signifi cant when  p -values were less 
than 0.05. 

 T he 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 under taken using 
SPSS statistical software for Windows (SPSS v. 15.0; 
SPSS Inc., Chicago; IL, USA). Graphical represen-
tations were done with GraphP ad Prism version 4 
(GraphPad Software, San Diego, CA, USA).    

 Results  

 Patients at the beginning and during 
anti-TB treatment 

 T he overall sensitivities of T-SPOT.T B and 
RD1 selected ELISPO T  in patients included at the 
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beginning of treatment were 89.7% and 79.3%,  
respectively (Table II). D ifferences in sensitivities 
between RD1 selected ELISPO T  and T-SPOT.T B 
or T ST  for those pa tients enrolled at the beginning 
of treatment were not signifi cant ( 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 II). D ifferences in sen-
sitivity between patients evaluated at the beginning 
and during treatment were only signifi cant for RD1 
selected ELISPO T  ( p     0.0001). Positive T ST  
results were obtained for 92.3% (24/26 pa tients) 
of patients at the beginning of treatment. Only 
7 patients included dur ing treatment were T ST  
tested at the moment of diagnosis,  and all of them 
were positive. 

 T he rate of indeterminate results found in active 
T B patients enrolled at the beginning of therapy 
was 6.9% (2/29) for T-SPOT.T B and 10.3% (3/29) 
for RD1 selected peptides ELISPO T ; the difference 
was not signifi cant ( p     0.317). Indeterminate 
results in active T B patients enrolled dur ing treat-
ment were not obtained. 

 In patients from group 2, a relationship between 
IFN- g  response on T-SPOT.T B or RD1 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 obser ved. 

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

 Healthy controls 

 T he propor tion of negative results by RD1 selected 
peptides ELISPO T  in those individuals with nega tive 
commercial IFN- g  assays and T ST  was 85.7% 
(Table II). In addition, in this group of patients we 
found 4 positive results with RD1 selected peptides . 
No indeterminate results were observed in this 
group. 

 Moreover, the median number of responder 
T  cells in T B patients at the beginning of therapy in 
relation to healthy controls was signifi cantly different 
for both in vitro assays ( p     0.0001 in both cases).  
H owever, when compar ing T B patients dur ing ther-
apy with regard to health y controls these differences 
were only signifi cant for T-SPOT.T B ( p     0.0001) 
(Figure 1).    

 D iscussion 

 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 T B diagnosis and dur ing anti-T B treatment, in 
order to explore the specifi c IFN- g  M. tuberculosis 
T  cell responses dur ing anti-T B therapy. 

 T he utility of H LA class II-restr icted RD1 
selected peptides has been evaluated in the immuno-
diagnosis of active T B. Vincenti et al. [23] studied 
the response to ESAT-6 selected peptides,  obtaining 
a sensitivity of 74% and a specifi city of 100%. 
Furthermore, Goletti et al. [29] measured the diag-
nostic accuracy of ESAT-6 and CFP-10 selected 
peptides for diagnosing T B disease using ELISPO T, 
and they repor ted a sensitivity of 70% and a specifi city 
of 91%. T he associated RD1 selected response with 
active T B has also recently been descr ibed [30]. 

 T he sensitivity of ELISPO T  based on selected 
peptides repor ted in our study was lower compared 
with T-SPOT.T B and T ST, although the difference 
was not statistically signifi cant. T hese differences in 
sensitivities among the 3 assa ys may be related to the 
amount and the composition of epitopes tha t are 
employed in the different tests. Nevertheless, in a 
recent multi-centre study by the Tuberculosis Net-
work European Trials group (T BNET ) [27] it was 
found that the combined use of nega tive results of 
commercial IFN- g  tests or novel assays based on 
selected peptides with T ST  may allow rapid exclu-
sion of active T B. 

 Carrara et al. [24] studied the response to ESAT-6 
selected peptides in 18 pa tients with microbiologi-
cally confi rmed T B when they star ted 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 la ter. 

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

Group of patients

Active pulmonar y T B

Beginning 
treatment

During 
treatment

H ealthy 
controls

T-SPOT.T B
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)

   T B, tuberculosis.   
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Additionally, Goletti et al. [31] found a signifi cant 
decrease in IFN- g  response to selected RD1 peptides 
after completion of therapy in 12 pa tients co-infected 
with H IV and M. tuberculosis. Our study confi rms 
previous studies [24,31] with the fi nding that RD1 
selected responder T  cells are lower during anti-T B 
therapy than a t the moment of diagnosis. Further, 
we also compared the results of the exper imental 
RD1 selected ELISPO T  with T-SPOT.T B in active 
T B patients enrolled dur ing treatment, and the 
responses for RD1 selected ELISPO T  were signifi -
cantly lower than for T-SPOT.T B ( p     0.0001). 
Our results also sho w that differences in responder 
T  cells between T B patients enrolled dur ing therapy 
with regard to health y controls were only signifi cant 
for T-SPOT.T B ( p     0.0001), suggesting that the 
IFN- g  response in the 2 groups mentioned above 
reached similar values after RD1 selected peptides 
stimulation. 

 T hese fi ndings suggest that the immunological 
assay based on RD1 selected peptides cor relates 
better with bacter ial burden dur ing T B treatment 
than T-SPOT.T B, and could also be useful for mon-
itoring M. tuberculosis replica tion. 

 In this sense, memory T  cells are able to per sist 
over time, even after bacter ial clearance, but they 
are not able to produce IFN- g  during the shor t 
period of time that they are incubated with the spe-
cifi c antigens. In contrast, effector T  cells are able to 
release IFN- g  during this shor t exposure; therefore, 
their frequency could be directly propor tional to 

antigen and bacter ial load. T his is probably the 
reason why IFN- g  responses decrease dur ing an 
adequate anti-T B treatment [16]. 

 Controversially, it has recently been proposed 
that the single quantifi cation of IFN- g  responses to 
conventional antigens is insuffi cient as a biomarker 
of mycobacter ial load and active T B disease status. 
In this regard, promising results of IFN- g  measure-
ments with other c ytokines like interleukin (IL)-2,  
IFN- g  inducible protein (IP)-10,  or monocyte 
chemotactic protein (MCP)-2 ha ve been obtained 
[32 – 35]. H owever, it has recently been descr ibed 
that only IFN- g  responses to RD1 selected peptides 
are associated with active T B, and although the 
detection of other biomarker s like IL-2, IP-10, and 
MCP-2 with these selected peptides ha ve also been 
associated with active T B, this fact did not improve 
the accuracy of the assay [36]. In fact, it has recently 
been descr ibed that both IP-10 and IFN- g  responses 
to RD1 selected peptides could be useful biomarker s 
for monitor ing the effi cacy of therapy in pa tients with 
active T B. T hey have shown how the response signifi -
cantly decreases after 6 months of trea tment [37]. 

 Furthermore, immunogenicity of selected pep-
tides in individuals with LT BI who have recently 
been exposed to M. tuberculosis has been descr ibed 
during the monitor ing of isoniazid proph ylaxis. In 
this study, RD1 selected peptides had a higher 
decrease in IFN- g  response compared to RD1 
antigens [38]. Interestingly, we found 4 positive 
results with ELISPO T  based on selected peptides in 

  

Figure 1.   Number of responder T  cells by RD1 antigens included in T-SPOT.T B and RD1 selected peptides in active T B patients included 
at the beginning and dur ing anti-T B trea tment and healthy controls. T he median number of responder T  cells from each g roup is 
represented by the g rey line.    
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healthy controls (4/28 patients) coming from contact 
tracing studies and who had been exposed to a 
smear-positive T B index case. T hese results may 
suggest that the immunological assay based on 
selected peptides could be useful in the diagnosis 
of LT BI, and, therefore, that it correlates well with 
bacterial burden. 

 T he main limitations of our study are the lack of 
longitudinal follow-up of patients included at the 
beginning of treatment, and that the T ST  was only 
performed on a subgroup of the included T B patients 
(26/29 patients at the beginning of treatment and 
7/24 patients dur ing treatment). H owever, from our 
point of view, results obser ved with RD1selected 
peptides are consistent enough to strengthen the 
idea that immunological assays could be useful tools 
for monitor ing the effect of anti-T B therapy. 

 Although the role of immunolog ical IFN- g  
assays based on selected peptides for monitor ing 
active T B treatment requires fur ther research, espe-
cially in patients who do not respond to therapy, our 
study has shown that specifi c M. tuberculosis T  cell 
responses to RD1-selected peptides are lo wer during 
anti-T B treatment than at the moment of diagnosis. 
In summary, immunological assays based on selected 
peptides correlate well with bacter ial burden and 
could be a potential tool for studying the host immune 
response dur ing anti-T B therapy. 
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