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Use of a T-cell interferon-c release assay for
the diagnosis of tuberculous pleurisy
M. Losi*, A. Bossink#, L. Codecasa", C. Jafari+, M. Ernst1, S. Thijsene, D. Cirillo**,
M. Ferrarese", U. Greinert+, L.M. Fabbri*, L. Richeldi* and C. Lange+ for the
European Tuberculosis Network TBNET

ABSTRACT: The diagnosis of pleural tuberculosis (plTB) by the analysis of pleural effusions
(PEs) with standard diagnostic tools is difficult. In routine clinical practice, the present authors
evaluated the performance of a commercially available Mycobacterium tuberculosis (MTB)specific enzyme-linked immunospot assay on peripheral blood mononuclear cells (PBMCs) and
pleural effusion mononuclear cells (PEMCs) in patients with suspect plTB.
The T-SPOT.TB test (Oxford Immunotec Ltd, Abingdon, UK) was performed on PBMCs and
PEMCs in 20 patients with a clinical and radiological suspect of plTB and in 21 control subjects
with a diagnosis of PE of nontuberculous origin at four centres participating in the European
Tuberculosis Network.
In total, 18 (90%) out of 20 patients with plTB tested T-SPOT.TB-positive on PBMCs and 19
(95%) out of 20 on PEMCs. Among controls, T-SPOT.TB was positive in seven out of 21 (33%)
patients when performed on PBMCs (these patients were assumed to be latently infected with
MTB) and five (23%) out of 21 when performed on PEMCs. Sensitivity and specificity of T-SPOT.TB
for the diagnosis of active plTB when performed on PEMCs were 95 and 76%, respectively.
Enumerating Mycobacterium tuberculosis-specific T-cells in pleural effusion mononuclear cells
by ELISPOT is feasible in routine clinical practice and may be useful for a rapid and accurate
diagnosis of pleural tuberculosis.
KEYWORDS: Culture filtrate protein-10, early secretory antigenic target-6, pleurisy, T-cell
interferon-c release assay, tuberculosis

uberculosis (TB) remains a major cause of
morbidity and mortality, and represents
the most frequent cause of death by a
single infectious agent worldwide [1]. Pleural TB
(plTB) is the second most common extrapulmonary manifestation of active Mycobacterium tuberculosis (MTB) infection after lymph node TB,
accounting for up to 23% of TB cases [2] and
,30% of pleural effusions (PEs) in Western
Europe [3].

of plTB from PEs would be preferred in the
clinical setting.

Pleural biopsy for culture of MTB, MTB nucleic
acid amplification and histopathological detection of caseating granulomas are regarded as the
gold standard for the diagnosis of plTB, with
sensitivities of 39–80, 90 and 50–97%, respectively
[4–12].
The sensitivity for the detection of active TB
infection is higher in pleural biopsies compared
with pleural fluid, although the procedure is
invasive and is associated with more clinical
complications. Pleural taps and direct diagnosis

Recently, MTB-specific T-cell interferon (IFN)-c
release assays (TIGRAs) have been developed as
an enzyme-linked immunospot assay (ELISPOT)
and as an enzyme-linked immunosorbent assay
(ELISA) for the diagnosis of MTB infection from
the peripheral blood [15]. These assays use
antigens, early secretory antigenic target
(ESAT)-6 and culture filtrate protein (CFP)-10,
encoded in the genomic region of difference
(RD)-1 of MTB which are absent in most
nontuberculous mycobacteria, including the vaccination strains of Mycobacterium bovis bacille
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However, culture of MTB, detection of MTBDNA and detection of alcohol-acid fast bacilli
from PEs showed sensitivity for plTB ranging
from 12–70% (with the majority of studies
showing a sensitivity ,30%), 30–100% (in
culture-negative cases 30–60%) and ,10%,
respectively [4, 8, 10, 12–14].
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Calmette–Guerin [16]. For the diagnosis of active pulmonary TB
and latent TB infection, TIGRAs are more specific and probably
more sensitive than the tuberculin skin test (TST) [15–20].
As only a small minority of lymphocytes of the human body
circulate in the blood [21] neither immunological test can
accurately distinguish between untreated active TB, latent TB
infection (LTBI) or treated active TB when TIGRAs are
performed on blood cells [17, 22].
However, in active TB, MTB-specific T-cells clonally expand
and are recruited to the site of the infection [23, 24]. Therefore,
enumerating effector T-cells by ELISPOT at the site of the
infection should enable more specific diagnosis of active TB
than enumerating effector T-cells in the blood alone [25].
Recently, a much higher concentration of ESAT-6-specific IFNc producing effector T-cells was observed in pleural effusions
of plTB patients compared with peripheral blood, while MTBspecific T-cells were not detected in pleural effusions of
patients with nontuberculous causes of pleurisy [26]. The
study by WILKINSON et al. [26] was performed using the Lalvani
ELISPOT assay, in which CFP-10 antigen was not tested and
the case–control study design did not allow an evaluation of
the performance of this approach for diagnosis of plTB in
routine clinical practice.
Therefore, the present authors prospectively determined to
evaluate the performance of the commercially available MTBspecific ELISPOT (T-SPOT.TB; Oxford Immunotech Ltd,
Abingdon, UK) using both ESAT-6 and CFP-10 antigens for
the diagnosis of plTB in routine clinical practice at several
centres within the European Tuberculosis Network (TBNET).
MATERIALS AND METHODS
Patients
Following informed consent and ethic committee approval,
patients with one-sided exudative pleural effusions and a
medical history compatible with plTB presenting to the Dept of
Respiratory Medicine at the University Hospital of Modena
and Reggio-Emilia (Modena, Italy); the Villa-Marelli Institute
(Milan, Italy); the Medical Clinic of the Research Center Borstel
(Borstel, Germany); and the Dept of Respiratory Medicine and
Tuberculosis at the Diakonessenhuis (Utrecht, The
Netherlands), between January 2005 and November 2006 were
enrolled in the study. Peripheral blood mononuclear cells
(PBMC) were obtained by a venous blood draw of 30 mL for
MTB-specific ELISPOT (T-SPOT.TB). Pleural tap was performed according to standard procedures [27] and was sent for
microbiological culture, MTB-specific DNA amplification,
routine biochemical examination and MTB-specific ELISPOT.
Definition of cases, presumptive cases and controls
Patients had a definitive diagnosis of plTB if MTB was cultured
from pleural fluid or pleural biopsy, or if the result of the MTBspecific DNA amplification from the pleural fluid or pleural
biopsy was positive. Patients had a presumptive diagnosis of
plTB if MTB could not be cultured from the pleural fluid or
pleural biopsy and the result of the MTB-specific DNA
amplification from the pleural fluid or pleural biopsy was
negative; these patients had to have a positive treatment
response to a full course of anti-tuberculous therapy, and had
to have no alternative diagnosis of pleurisy other than TB.
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Patients were defined as having no plTB (controls) if: an
alternative clinical diagnosis of pleurisy was established; MTB
could not be cultured from the pleural fluid or pleural biopsy;
the result of the MTB-specific DNA amplification from the
pleural fluid or pleural biopsy was negative; patients were not
treated for TB; and patients did not develop signs or symptoms
of TB after 3 months.
ELISPOT assay
MTB-specific ELISPOT assays were performed using testplates from the T-SPOT.TB test [28–30]. PE mononuclear cells
(PEMCs) were prepared by Ficoll–Hypaque gradient centrifugation from PEs. Briefly, 250,000 PBMCs or 250,000 mononuclear cells from the PEMCs were plated overnight on 96-well
plates that had been pre-coated with a mouse anti-human IFNc antibody, in 100 mL volumes of culture medium per well. The
cells were left unstimulated (negative control), or were
stimulated with 50 mL phytohaemagglutinin (positive control)
or 50 mL of ESAT-6 and CFP-10 peptides in separate wells.
Culture of the plates, washing, counterstaining, visualisation
and analysis of the spots were performed according to the
manufacturer’s recommendations.
The response of stimulated cultures was considered positive
when the test well contained at least six more spots and had
twice the number of spots than the control well. The
background number of spots in negative control wells was
always ,10 spots per well.
MTB-specific nucleic acid technique amplification
MTB-specific nucleic acid technique amplification (MTB-NAT)
was performed by either the BDProbeTec ET assay (Becton
Dickinson, Sparks, MD, USA) or the Amplified MTD (GenProbe, San Diego, CA, USA).
Statistical analysis
All statistical tests were performed as exploratory analyses
without adjustment for multiple testing, with nominal significance defined as p,0.05. Continuous variables were compared
using nonparametric testing (Mann–Whitney U-test).
RESULTS
Eight patients (four female, four male) with a median age of
43 yrs and with one-sided exudative PE had a definitive
diagnosis of plTB (table 1). Two additional patients (aged 43
and 22 yrs) were confirmed to have plTB by a positive MTBspecific nucleic acid amplification on PE/pleural biopsy in the
absence of a positive MTB culture. The total number of
confirmed cases of tuberculous pleurisy was therefore 10.
Another 10 patients with a median age of 34 yrs (one female,
nine males) with one-sided exudative PE had a presumptive
diagnosis of plTB. In total, 21 patients (six females, 15 males),
with a median age of 69 yrs, had one-sided exudative PE of
other origin than TB and were included in the study as
controls. These controls were older than patients with
confirmed or presumed TB (p,0.005). Nine of the controls
had exudative pleurisy post-pneumonia, eight had malignant
PE (nonsmall cell lung cancer, n54; mesothelioma, n52;
lymphoma, n51; breast cancer, n51), three had PE associated
with fibrotic-fibroblastic pleurisy, and one had PE associated
with rheumatoid arthritis.
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Caucasian
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Caucasian
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Caucasian
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Pleural TB
Pleural TB

Pleural TB
Pleural TB Pericardial TB
Pleural and pulmonary TB

Pleural TB
Pleural TB Pericardial TB

Pleural TB
Pleural TB

Clinical diagnosis

Italy
Italy

Italy
Italy

Italy
Poland
Italy

Italy
Italy
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Italy
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Germany
Italy

Germany
Germany

Germany
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Germany
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NSCLC
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2 (2–0)
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8 (9–1)

0 (0–2)
1 (1–0)

2 (3–1)
0 (0–0)

4 (4–0)
6 (6–0)
14 (15–1)
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MTB-NAT Lymphocytes in PE ESAT-6
%

MTB
culture

3 (4–1)
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1 (1–0)
0 (0–0)
3 (4–1)

0 (0–2)
2 (2–0)

3 (4–1)
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3 (3–0)
7 (7–0)
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0 (0–2)

5 (6–1)
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1 (1–0)

0 (0–0)
0 (4–6)
118 (118–0)

4 (8–4)
38 (39–1)
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0 (0–0)

33 (33–0)
15 (15–0)
5 (6–1)

26 (26–0)
150 (150–0)

24 (24–0)
60 (60–0)

18 (18–0)
20 (20–0)
14 (16–2)

23 (25–2)
62 (62–0)

27 (31–4)
27 (27–0)

207 (275–68)
207 (207–0)
192 (200–8)
50 (51–1)

+ve
+ve
+ve
+ve

1 (1–0)
42 (48–6)

5 (5–0)
0 (0–0)

+ve
-ve
-ve
+ve
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.400 (.400–0)
.400 (.400–50)

54 (54–0)
.400 (.400–0)

48 (48–0)
33 (33–0)
13 (21–8)

68 (68–0)
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25 (25–0)
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result blood
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7 (15–8)
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.400 (.400–0)
.400 (.400–50)

193 (193–0)
.400 (.400–0)

29 (29–0)
49 (49–0)
16 (24–8)

136 (136–0)
375 (375–0)

49 (50–1)
60 (60–0)

CFP-10 PEMCs
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+ve
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-ve
+ve

-ve
-ve

-ve
-ve

-ve
-ve
-ve

-ve
-ve

-ve
-ve

+ve
-ve

+ve
-ve
+ve

+ve
+ve

+ve
+ve

+ve
+ve
+ve

+ve
+ve

+ve
+ve

+ve
+ve
+ve

+ve
+ve

+ve
+ve

result pleural
fluid

ELISPOT test

negative; ND: not done; NA: data not available.

ESAT: early secretory antigenic target; CFP-10: culture filtrate protein-10; F: female; M: male; TB: tuberculosis; NSCLC: nonsmall cell lung cancer; Fib.: fibrotic; RA: rheumatoid arthritis; +ve: positive; -ve:

on interferon-c ELISPOT (absolute spots per well minus spots in control wells). TST: tuberculin skin test; MTB: Mycobacterium tuberculosis: NAT: nucleic acid amplification technique; PE: pleural effusion;

Enzyme-linked immunospot assay (ELISPOT) data are presented as net numbers of spot-forming cells/250,000 peripheral blood mononuclear cells (PBMCs) or pleural effusion mononuclear cells (PEMCs)
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The median proportion of lymphocytes in PEs was 87% (range
13–95%) in the group of patients with confirmed plTB, 79%
(range 16–95%) in the group of patients with presumptive plTB
(combined median proportion of 83% in both TB groups) and
90% (range 1.3–99%) in the control group. The proportion of
lymphocytes was not statistically different among all three
groups.
In all 10 patients with confirmed plTB, the results of TSPOT.TB were positive (100%) in both PBMCs (median
number of spot-forming cells (SFCs) was 22 and 25 out of
250,000 for ESAT-6 and CFP-10, respectively) and PEMCs
(median number of SFCs was 61 and 98 out of 250,000 for
ESAT-6 and CFP-10, respectively; fig. 1). Among the 10
patients with a presumptive diagnosis of plTB, T-SPOT.TB
results was positive in eight (80%) when performed on PBMCs
(median number of SFCs was 24 and 10 out of 250,000 for
ESAT-6 and CFP-10, respectively) and in nine (90%) when
performed on PEMCs (median number of SFCs was 200 and
143 out of 250,000 for ESAT-6 and CFP-10, respectively).
Among the 21 control patients, T-SPOT.TB was positive in
seven (33%) when performed on PBMCs (median number of
SFCs was two and three out of 250,000 for ESAT-6 and CFP-10,
respectively) and in five (24%) when performed on PEMCs
(median number of SFCs was one out of 250,000 for ESAT-6
and CFP-10). The numbers of SFCs in PBMC or PEMC samples
were significantly different between controls and patients with
both confirmed (p,0.001) and presumptive (p,0.001) plTB.
No significant differences were observed between patients
with confirmed or presumptive plTB. ESAT-6- and CFP-10specific cells were more highly concentrated in the pleural
fluid when compared with the peripheral blood by factors of
6.2 and 4.2 in patients with confirmed plTB and factors of 7.0
and 7.5 in patients with presumptive plTB (p,0.001). The
sensitivity and specificity of T-SPOT.TB for the diagnosis of
plTB was 90 and 67% when performed on PBMCs, and 95 and
76% when performed on PEMCs, respectively. The size of the
TST induration did not correlate with numbers of ESAT-6 or
CFP-10 SFC.
Discussion
Cell-mediated immunity plays a key role in the host defence
against MTB infection [31–33].
While only a small percentage of T-lymphocytes are found
among PBMCs, antigen-specific effector memory T-lymphocytes migrate to the site of inflammation in active TB and
rapidly release T-helper cell type-1 cytokines upon contact
with antigens [34–37]. In plTB, the concentrations of T
lymphocytes are significantly higher in pleural fluid than in
peripheral blood, while this difference is not observed in
patients with nontuberculous PE [38]. In plTB, in vitro
simulation of lymphocytes with purified protein derivate
leads to T-cell proliferation and release of pro-inflammatory
cytokines, including IFN-c [34]. For the diagnosis of TB from
blood, ex vivo MTB-specific T-cell IFN-c release assays with
RD-1 encoded antigens ESAT-6 and CFP-10 have been
developed for commercial use both as ELISPOT and ELISA.
While the diagnostic sensitivity and specificity for active TB of
both tests is higher compared with the TST [28–30, 39–42],
neither test can discriminate between active TB and LTBI when
performed on blood [43, 44].
1176
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However, recently it was demonstrated that enumeration of
MTB-specific mononuclear cells from the site of the infection
by ELISPOT can distinguish between active TB, LTBI or other
diseases with a high diagnostic sensitivity and specificity [25,
26]. In smear-negative pulmonary TB, the mean numbers of
ESAT-6 and CFP-10 SFCs in lung mononuclear cells were 9.6and 7.9-fold higher than in PBMCs [23]. In a smaller study on
plTB where only ESAT-6 antigen was used, the mean number
of ESAT-6 SFCs in PE mononuclear cells was 15-fold higher
than in PBMCs [24].
In the present study, the possibility of a rapid diagnosis of
plTB using a commercially available MTB-specific ELISPOT in
a routine clinical practice setting was further evaluated. By
enumerating antigen-specific mononuclear cells from the
peripheral blood and PE of patients with exudative pleurisy,
the diagnostic sensitivity of T-SPOT.TB for active plTB was
very high (95%). In patients with a final diagnosis of plTB the
median concentration of ESAT-6 and CFP-10-specific cells was
4.2- to 7.5-fold higher in PEMCs than in PBMCs, thus
suggesting a compartmentalisation of antigen-specific T-cells
in plTB. In clinical practice, comparing numbers of MTBspecific T-cells in peripheral blood and PE might therefore be a
useful strategy for the differentiation of active tuberculous
pleurisy from LTBI rather than counting the absolute number
of SFCs in each compartment alone.
In the present multicentre study, only two (25%) out of eight
patients with culture-confirmed plTB had a positive MTB-NAT
result and only four (20%) out of 20 patients with a final
diagnosis of plTB (confirmed and presumptive cases) had a
positive MTB-NAT result on PE. Previous studies [45, 46]
showed that the sensitivity of MTB-NAT is lowest in
paucibacillary diseases, in particular plTB [47, 48]. The
sensitivity of MTB-NAT performed in single-centre studies
on PE for the diagnosis of plTB ranges from 25% in culturenegative patients to 100% in culture-positive patients [14, 49].
However, the diagnostic specificity of the T-SPOT.TB test was
suboptimal (76%), thus nearly one out of four patients had a
false-positive test result. A limited specificity is a common
problem with diagnostic tests in low incidence settings. Five
out of 21 patients without active plTB and an alternative
diagnosis for an exudative pleural effusion tested positive with
the MTB-specific ELISPOT on PEMCs. Four out of five of these
patients were presumed to be latently infected with MTB as a
result of the PBMC ELISPOT and were also positive by PEMC
ELISPOT. One of these patients was 80-yrs-old and had a
history of healed pulmonary TB treated in the past (table 1). At
the time of the present study, the patient was suffering from a
malignant lymphoma. One patient with a negative PBMC
ELISPOT result and a positive PEMC ELISPOT result was
identified as a recent contact to an index person with smearpositive pulmonary TB. She presented to the hospital with a 6week history of fever and night sweats and was found to have
an exudative pleural effusion. Her TST was negative and the
pleural effusion resolved without specific treatment.
Nevertheless, it might be hypothesised that this patient indeed
had acute TB pleurisy and that an effective adaptive host
immune response was able to spontaneously resolve the
infection. If this was the case, then the PBMC ELISPOT result
would have been false negative. The other three patients in the
EUROPEAN RESPIRATORY JOURNAL
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FIGURE 1.

TB-PLEURISY DIAGNOSIS BY ELISPOT

Concentration of early secretory antigenic target (ESAT)-6 and culture filtrate protein (CFP)-10 interferon (IFN)-c producing spot-forming cells (SFCs) in

peripheral blood mononuclear cells (PBMCs) or pleural effusion mononuclear cells (PEMCs) of patients with definitive pleural tuberculosis (plTB; n510, m and n for ESAT-6
and CFP-10 peptides, respectively), presumptive plTB (n510, . and , for ESAT-6 and CFP-10 peptides, respectively) and of patients with nontuberculous exudative pleural
effusion (non-TB; n521, $ and # for ESAT-6 and CFP-10 peptides, respectively). ------: cut-off value of five SFCs/250,000 cells. All results have been calculated after
subtraction of SFC counts in negative control wells. For group comparison by Mann–Whitney test, sums of ESAT-6 and CFP-10 specific spots were combined. Bars represent
median values. ns: not significant. #: not statistically significant; ***: p,0.001.

control group were all aged .67 yrs, and all of them had a
LTBI, so an ancient TB infection cannot be excluded.
As the lymphocyte predominance in the pleural fluid did not
discriminate between patients with TB and other causes of PE,
a positive TIGRA was clearly more informative for the
diagnosis of plTB than assessing lymphocyte counts alone.
Comparison of results with other diagnostic tests needs to be
carried out with caution because of differences in prevalence of
active TB in these studies. In the past, several biological
markers have been studied to aid the diagnosis of plTB,
including the measurement of pleural fluid concentrations of
adenosine deaminase [50, 51], tumour necrosis factor-a [52–54]
and whole IFN-c [50, 55, 56], with reported diagnostic
sensitivities ranging from 72–88% and specificities from 88–
100% [50–56]. Thus, reported sensitivities of adenosine
deaminase and IFN-c measurements in PE for the diagnosis
of plTB are similar to the sensitivity of the T-SPOT.TB test
reported in the present study, although T-SPOT.TB specificity
seems lower. In future studies, it will be interesting to compare
MTB-specific TIGRAs against adenosine deaminase and IFN-c
for the diagnosis of plTB.
The present study has three major limitations. First, pleural TB
could only be confirmed by culture of MTB or detection of
MTB-DNA by NAT in one-half of cases. It is therefore
impossible to exclude the fact that patients who fulfilled the
clinical diagnosis of presumptive plTB in fact did not have
active plTB. However, patients with confirmed plTB and
presumptive plTB have been evaluated separately with results
in the two groups not statistically different. Moreover, plTB is
commonly culture-negative and inclusion of such cases is
therefore essential for evaluation of diagnostic tests of
improved sensitivity in routine clinical practice. Secondly, no
EUROPEAN RESPIRATORY JOURNAL

records for the red blood cell content of the PEs exists. In
control patients with LTBI, false-positive ELISPOT results on
PE may have resulted from contamination with PBMCs from
blood. Thirdly, although the present trial is multicentred, the
numbers of subjects enrolled from low incidence countries are
limited and the results will need to be confirmed in larger
cohorts, including immunosuppressed patients and in countries with higher TB incidence [57].
In conclusion, a high diagnostic sensitivity of T-SPOT.TB was
found for active pleural tuberculosis when mononuclear cells
from pleural effusions were directly evaluated in routine
clinical practice in a low tuberculosis incidence setting. The
absence of Mycobacterium tuberculosis-specific cells in pleural
effusions almost always ruled out a diagnosis of active pleural
tuberculosis. Conversely, as specificity of T-SPOT.TB was
,80%, positive test results should always be interpreted with
caution and in the full context of the diagnostic work-up of
patients with exudative pleural effusion. Large prospective
studies of the pleural fluid ELISPOT in patients with suspected
pleural tuberculosis are now warranted to determine the true
specificity of the assay in high and low prevalence settings;
such studies should also investigate whether specificity can be
improved if blood-stained pleural effusions are excluded.
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pleurisy: a study of 254 patients. Arch Intern Med 1998;
158: 2017–2021.
9 Berger HW, Mejia E. Tuberculous pleurisy. Chest 1973; 63:
88–92.
10 Epstein DM, Kline LR, Albelda SM, Miller WT.
Tuberculous pleural effusions. Chest 1987; 91: 106–109.
11 Escudero Bueno C, Garca Clemente M, Cuesta Castro B,
et al. Cytologic and bacteriologic analysis of fluid and
pleural biopsy specimens with Cope’s needle. Study of 414
patients. Arch Intern Med 1990; 150: 1190–1194.
12 Aggarwal AN, Gupta D, Jindal SK. Diagnosis of tuberculous pleural effusion. Indian J Chest Dis Allied Sci 1999; 41:
89–100.
13 Sibley JC. A study of 200 cases of tuberculous pleurisy with
effusion. Am Rev Tuberc 1950; 62: 314–323.
14 Nagesh BS, Sehgal S, Jingal SK, Arora SK. Evaluation of
polymerase chain reaction for detection of Mycobacterium
tuberculosis in pleural fluid. Chest 2001; 119: 1737–1741.
15 Richeldi L. Rapid identification of Mycobacterium tuberculosis infection. Clin Microbiol Infect 2006; 12: Suppl. 9, 34–36.
16 Richeldi L, Ewer K, Losi M, et al. Early diagnosis of
subclinical multidrug-resistant tuberculosis. Ann Intern
Med 2004; 140: 709–713.
17 Pai M, Riley LW, Colford JM Jr. Interferon-gamma assays
in the immunodiagnosis of tuberculosis: a systematic
review. Lancet Infect Dis 2004; 4: 761–776.
18 Gooding S, Gooding S, Chowdhury O, Hinks T. Impact of a T
cell-based blood test for tuberculosis infection on clinical decisionmaking in routine practice. J Infect 2007; 54: e169–e174.
19 Richeldi L, Luppi M, Losi M, et al. Diagnosis of occult
tuberculosis in hematological malignancy by enumeration
of antigen-specific T cells. Leukemia 2006; 20: 379–381.
20 Liebeschuetz S, Bamber S, Ewer K, Deeks J, Pathan AA,
Lalvani A. Diagnosis of tuberculosis in South African
children with a T-cell-based assay: a prospective cohort
study. Lancet 2004; 364: 2196–2203.
21 Westermann J, Pabst R. Distribution of lymphocyte subsets
and natural killer cells in the human body. Clin Investig
1992; 70: 539–544.
1178

VOLUME 30 NUMBER 6

22 Maskell NA, Butland RJ. BTS guidelines for the investigation of a unilateral pleural effusion in adults. Thorax 2003;
58: Suppl. 2, ii8–ii17.
23 Schwander SK, Torres M, Sada E, et al. Enhanced responses
to Mycobacterium tuberculosis antigens by human alveolar
lymphocytes during active pulmonary tuberculosis. J Infect
Dis 1998; 178: 1434–1445.
24 Hirsch CS, Toossi Z, Johnson JL, et al. Augmentation of
apoptosis and interferon-c production at sites of active
Mycobacterium tuberculosis infection in human tuberculosis.
J Infect Dis 2001; 183: 779–788.
25 Jafari C, Ernst M, Kalsdorf B, et al. Rapid diagnosis of
smear-negative tuberculosis by bronchoalveolar lavage
enzyme-linked immunospot. Am J Respir Crit Care Med
2006; 174: 1048–1054.
26 Wilkinson KA, Wilkinson RJ, Pathan A, et al. Ex vivo
characterization of early secretory antigenic target 6specific T cells at sites of active disease in pleural
tuberculosis. Clin Infect Dis 2005; 40: 184–187.
27 Davies CW, Gleeson FV, Davies RJ. BTS guidelines for the
management of pleural infection. Thorax 2003; 58: Suppl. 2,
ii18–ii28.
28 Lalvani A, Pathan AA, Durkan H, et al. Enhanced contact
tracing and spatial tracking of Mycobacterium tuberculosis
infection by enumeration of antigen-specific T cells. Lancet
2001; 357: 2017–2021.
29 Lalvani A, Pathan AA, McShane H, et al. Rapid detection of
Mycobacterium tuberculosis infection by enumeration of
antigen-specific T cells. Am J Respir Crit Care Med 2001;
163: 824–828.
30 Lalvani A, Magvenkar P, Udwadia Z, et al. Enumeration of
T cells specific for RD1-encoded antigens suggests a high
prevalence of latent Mycobacterium tuberculosis infection in
healthy urban Indians. J Infect Dis 2001; 183: 469–477.
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