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Identification of individuals with a tuberculosis infection is a very important element for the control of tubercu-
losis. The currently used tuberculin skin test has poor sensitivity and specificity. Recently, an important advance
in tuberculosis diagnosis occurred with the development of in vitro T cell-based IFN-γ release assays.
The aim of this study was to compare a RD1-based in-house ELISPOT-IFN-γ assay with a commercial (T-SPOT.TB)
assay for the diagnosis of tuberculosis infection.
The results showed an almost complete concordance between the two assays, confirming that our restricted but
highly selected pool of peptides is sufficient to detect tuberculosis infection.
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SUMMARY

Mycobacterium tuberculosis is one of the most
successful pathogens and remains a leading cause
of morbidity and mortality worldwide.
The course of a M. tuberculosis infection is very
complex. Most people control the initial infec-
tion by mounting a strong cell-mediated immune
response that prevents disease and the infection
remains latent (Jasmer et al., 2002).
However latent tuberculosis infection (LTBI) has
the potential to develop into tuberculosis (TB)
at any time, from months to decades after infec-
tion, and 5-10% of individuals who become
infected will subsequently develop active disease
(Bloom and Murray, 1992, Graham et al., 2003).
This course can occur in response to perturba-
tion of the immune response like infection with

human immunodeficiency virus (HIV), malnu-
trition, use of steroids, aging, alcohol or drug
abuse (Flynn and Chan, 2001).
So the estimated one-third of the world’s popu-
lation with LTBI represents an infection reser-
voir and future source of disease transmission.
Treatment of LTBI reduces the probability that
TB will develop, therefore a key component of
TB control is being able to diagnose and treat
LTBI (Jasmer et al., 2002).
The tuberculin skin test (TST) has been used for
decades to detect LTBI but its major drawback
is lack of sensitivity and specificity (Andersen et
al., 2000). In fact M. tuberculosis purified pro-
tein derivative (PPD), used as antigen in the test,
cross-reacts with antigens derived from the vac-
cine strains of Bacillus Calmette-Guérin (BCG)
and from several non-tuberculous mycobacteria
(NTM) (American Thoracic Society, 2000). In
addition, TST sensitivity may be low in individ-
uals with depressed immunity or advanced TB
(Jasmer et al., 2002, Huebner et al., 1993,
Andersen et al., 2000, Pai et al., 2004).
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Recently, progress has been made in TB diagnosis
due to the development of in vitro T cell-based
IFN-γ release assays. The ex vivo enzyme-linked
immunospot (ELISPOT) assay that enumerates
IFN-γ producing T cells which respond specifi-
cally to M. tuberculosis antigens is more specif-
ic than the TST. Particularly this assay uses, as
antigen, two proteins, early secretory antigenic
target-6 (ESAT-6) and culture filtrate protein-10
(CFP-10), that are encoded by genes located with-
in the region of difference (RD) 1 of the M. tuber-
culosis genome that are absent in all vaccine
strains of BCG and in the majority of environ-
mental isolates (Andersen et al., 2000, Pai et al.,
2004). Therefore the RD1-specific antigens can
overcome some of the TST drawbacks.
We have recently developed and validated an in-
house ELISPOT-IFN-γ assay, based on a restrict-
ed pool of highly immunogenic peptides derived
from ESAT-6 and CFP-10 proteins, that result-
ed highly specific (87%) and sensitive (93%)
(Scarpellini et al., 2004). Furthermore, the test
was more accurate than TST in identifying sub-
jects with LTBI (Codecasa et al., 2006).
To further validate our assay we have compared
it with a commercial assay, the T-SPOT.TBTM

(Oxford Immunotec, Oxford, UK, currently
approved for use in Europe and awaiting US FDA
approval) (Lalvani, 2003) that uses synthetic over-
lapping peptides corresponding to the full
length of ESAT-6 and CFP-10 proteins.
To this end, 86 subjects were recruited at the Villa
Marelli Institute, Lombardy’s Regional Reference
Center for Tuberculosis, Milan, Italy, including
38 BCG-vaccinated persons and 65 household

contacts of contagious (sputum smear-positive)
TB-infected patients (for patients’ characteristics
see Table 1). Each subject was submitted to
Mantoux TST and to our in-house ELISPOT-IFN-
γ assay and, in another laboratory, to the com-
mercial T-SPOT.TBTM assay under double blind
conditions. Blood samples were collected from
all enrolled individuals after informed consent;
peripheral blood mononuclear cells (PBMCs)
were obtained by blood centrifugation over a den-
sity gradient (Ficoll), separated into two aliquots
and tested.
The ELISPOT-IFN-γ assay was performed as pre-
viously described (Scarpellini et al., 2004).
Briefly, PBMCs were seeded in duplicate and
stimulated with:
1) a pool of six synthetic M. tuberculosis specific

peptides (MTP) (PRIMM Srl, Milan, Italy)
derived from the sequences of ESAT-6 and
CFP-10 proteins (each at 2 µg/ml);

2) heat-inactivated and sonicated whole-cell
BCG (Organon Teknika, Boxtel, The
Netherlands) at a diluition of 1:10;

3) phytoemagglutinin (PHA) (Sigma, St. Louis,
MO) at 5 µg/ml as positive control; in addi-
tion cells in medium alone were used as neg-
ative control. The responses were scored as
positive if the test wells had a higher mean
number of spot-forming cells (SFC) than the
mean number plus two standard deviations
in the negative control wells, and the num-
ber of SFC per million PBMC in the stimu-
lated wells (minus the values of the negative
control well) was ≥20.

The T-SPOT.TB assay was performed in accor-
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TABLE 1 - Patients’ characteristics.

Origin N M/F Age range Household BCG Vaccinated TST positive
contacts

Africa 2 2/0 20-29 2 2 2

Asia 5 2/3 13-51 3 5 4

Central and South America 26 13/13 8-69 19 22 23

Eastern Europe 7 3 4 0.5-60 6 5 7

Western Europe 46 26 20 2-93 35 4 33

Total 86 46/40 0.5-93 65 38 69



dance with the procedures recommended by the
manufacturer. The PBMCs were seeded in sin-
gle-well and stimulated with ESAT-6 and CFP-
10 overlapping peptides; a negative control (cells
alone) and a positive control (cells plus PHA)
were included. The responses were scored pos-
itive when the number of spots in the test wells
(against at least one of the two tested antigens)
was ≥6 times the number of spots in the nega-
tive control wells or, if the negative control had
more than 6 SFCs, at least twice that number.
At screening, 69 of the 86 subjects tested (80%)
had a positive TST reaction (a 5 mm induration
cut-off was used for the household contacts and
a 10 mm cutoff was used for the other classes)
(Figure 1). Of the 69 TST-positive subjects, 25
(36%) showed a negative response to the in-house
ELISPOT-MTP assay and 2 (12%) of the TST-neg-

ative subjects were ELISPOT-MTP positive (64%
were TST/ELISPOT double-positive and 88%
were double negative).
We observed an almost complete concordance
(99% concordance: K=0.977, 95% CI 0.931-1.022,
P=ns) between the in-house ELISPOT-IFN-γ assay
and the commercial T-SPOT.TB assay (the data
were analyzed using SAS software version 8.2).
In fact, 46 subjects (53%) had a positive
response to the in-house ELISPOT and 45 (52%)
to the commercial assay. Moreover, of the 70 indi-
viduals tested for BCG (ELISPOT-BCG), 67 (96%)
were positive and these included all the 30 indi-
viduals with positive response to MTP (ELISPOT-
MTP), whereas 31 of 40 subjects with a negative
response to MTP (78%) were positive to
ELISPOT-BCG, suggesting that most of them had
received a BCG vaccination or have been infect-
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FIGURE 1 - TST, ELISPOT-MTP and ELISPOT-BCG results; n.a. = not analyzed.



ed with NTM. In addition, of the 38 BCG vacci-
nated subjects (individuals with a detectable BCG
scar or documentation confirming previous vac-
cination), 37 had a positive TST reaction (≥5 mm)
but 10 showed a negative response to MTP.
We also observed a significant difference in the
size (expressed in mm) of the TST induration
between the subjects with a positive or negative
ELISPOT-MTP response (MTP negative: medi-
an=6.5; q1=0, q3=13.5; MTP positive: median=16;
q1=11, q3=20; P<0.0001).
In conclusion, our study showed a very high con-
cordance between the results obtained with the
in-house assay and the commercial T-SPOT.TB
assay, confirming that our restricted but highly
selected pool of peptides is sufficient to detect
acute TB infection.
Moreover, our assay is more accurate than the
TST in identifying subjects with suspected
latent TB infection.
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