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ABSTRACT: Interferon-c release assays (IGRAs) are now established for the immunodiagnosis of

latent infection with Mycobacterium tuberculosis in many countries. However, the role of IGRAs

for the diagnosis of active tuberculosis (TB) remains unclear.

Following preferred reporting items for systematic reviews and meta-analyses (PRISMA) and

quality assessment of diagnostic accuracy studies (QUADAS) guidelines, we searched PubMed,

EMBASE and Cochrane databases to identify studies published in January 2001–November 2009

that evaluated the evidence of using QuantiFERON-TB1 Gold in-tube (QFT-G-IT) and T-SPOT.TB1

directly on blood or extrasanguinous specimens for the diagnosis of active TB.

The literature search yielded 844 studies and 27 met the inclusion criteria. In blood and

extrasanguinous fluids, the pooled sensitivity for the diagnosis of active TB was 80% (95% CI 75–

84%) and 48% (95% CI 39–58%) for QFT-G-IT, and 81% (95% CI 78–84%) and 88% (confirmed and

unconfirmed cases) (95% CI 82–92%) for T-SPOT.TB1, respectively. In blood and extrasanguinous

fluids, the pooled specificity was 79% (95% CI 75–82%) and 82% (95% CI 70–91%) for QFT-G-IT,

and 59% (95% CI 56–62%) and 82% (95% CI 78–86%) for T-SPOT.TB1, respectively.

Although the diagnostic sensitivities of both IGRAs were higher than that of tuberculin skin

tests, it was still not high enough to use as a rule out test for TB. Positive evidence for the use of

IGRAs in compartments other than blood will require more independent and carefully designed

prospective studies.
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T
uberculosis (TB) elimination is part of the
World Health Organization Stop TB
Strategy [1] and the ultimate goal of the

Framework Action Plan to fight TB in the
European Union by The European Centre for
Disease Prevention and Control (ECDC) [2]. As
part of reaching the goal of TB elimination,
individuals with active TB need to be rapidly
identified and treated to interrupt further trans-
mission of the infection within a population.
There is a need to develop new tools for rapid
case detection, evaluate their performance and
provide guidance on their use for the diagnosis of
TB to further strengthen national TB control
programmes.

To date, rapid detection of individuals with TB
can be difficult [3] as only 44% of all new adult
cases and 15–20% of childhood cases [4] are
identified by the presence of acid-fast bacilli

(AFB) in sputum smears [5]. The gold standard
for the definite diagnosis of TB is the detection of
Mycobacterium tuberculosis by culture, a time-
consuming method delaying the diagnosis.
Moreover, diagnosis and treatment decisions
may be difficult in cases with clinical suspicion
of TB and negative AFB sputum smears. In this
case, the rapid diagnosis of TB classically relies
on the results of different methods, including the
tuberculin skin test (TST), chest radiography,
amplification of M. tuberculosis nucleic acids and/
or pathological examinations from biological
specimens, although TST suffers from poor
specificity in bacille Calmette–Guérin (BCG)
vaccinated individuals and in those living in
high TB prevalence countries.

In recent years, blood-based in vitro interferon-c
release assays (IGRAs) have been developed as
alternatives to TST for the immunodiagnosis of
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M. tuberculosis infection. Both TST and IGRAs evaluate the
presence of persistent M. tuberculosis-specific T-cell responses
[6, 7] and represent indirect markers for past or present
infection. The novelty of IGRAs is based on the in vitro
stimulation of peripheral blood T-cells specific for the M.
tuberculosis-specific antigens early secretory antigenic target
(ESAT)-6 and culture filtrate protein (CFP)-10 [8]. The presence
of reactive T-cells is assessed by the induction of interferon
(IFN)-c. Two commercialised systems are available, the
QuantiFERON-TB1 Gold in-tube assay (QFT-G-IT; Cellestis
Ltd., Carnegie, Australia [9], also including a third antigen
TB7.7) that measures IFN-c using an ELISA, and the T-
SPOT.TB1 assay (Oxford Immunotec Ltd., Abingdon, UK) [10]
that counts cells releasing IFN-c with the enzyme-linked
immunospot (ELISPOT) technique.

Neither IGRAs performed on blood nor TST appear to be able
to distinguish between individuals with latent M. tuberculosis
infection, active TB or past TB [11–13]. Recently, IGRAs have
also been evaluated for the diagnosis of active TB directly on
extrasanguinous fluids from sites of infection, including
bronchoalveolar lavage fluid (BALF) [14–17], pleural effusion
(PE) [18, 19] and cerebrospinal fluid (CSF) [20]. Up to now the
accuracy for the diagnosis of TB in compartments other than
blood has not been systematically evaluated.

Prompt identification and adequate treatment of new TB cases
is the primary objective of TB control programmes. As
currently available techniques are insufficient for a rapid case
detection of AFB sputum smear negative cases, new diagnostic
tools are urgently needed. In that respect, the impact of IGRAs
applied, not only on blood, but also on extrasanguinous fluids,
needs to be better evaluated before guidance on their use for
the diagnosis of active TB can be developed.

To support the development of evidence-based guidance, we
present the results of a systematic review and a meta-analysis
on the performance of TST and commercial IGRAs from blood
and, for the first time, compartments other than blood for the
diagnosis of active TB.

MATERIAL AND METHODS
This systematic review was conducted according to the
guidelines of the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement [21] and the
quality assessment of diagnostic accuracy studies (QUADAS)
checklist [22, 23].

Search strategy
We identified studies that evaluated the evidence of using
IGRAs in order to diagnose active TB in humans. We searched
PubMed, EMBASE and the Cochrane-controlled central regis-
ter of controlled trials and included reports from January 2001
to November 2009. Combinations of the following search
terms were applied: ‘‘tuberculosis’’, ‘‘T-spot’’, ‘‘Quantiferon’’,
‘‘interferon-gamma release assay’’, ‘‘IGRA’’, ‘‘ESAT-6’’ and
‘‘CFP-10’’. We restricted our search to publications in English.
Unpublished sources of data were not included, as the current
growing number of IGRA papers makes the presence of
publication bias improbable. We also hand-searched biblio-
graphies of retrieved articles and existing systematic reviews
and meta-analyses for additional references.

Study selection
We only included studies that reported the assessment of
commercially available IGRAs in individuals with a clinical
suspicion of active TB, performed on blood or biological fluids
other than blood (ascites, BALF, CSF, pericardial fluid, PE).

The following types of studies were excluded: 1) case reports,
editorials and reviews on immunological studies; 2) laboratory
studies; 3) animal studies; 4) studies performed with assays
other than QFT-G-IT or T-SPOT.TB1; 5) studies not performed
according to manufacturers’ instructions; 6) studies in adults
where pulmonary TB was not confirmed by M. tuberculosis
culture, characteristic histopathological findings and/or
nucleic acid amplification tests in .50% of cases (in mixed
studies, i.e. those without these strict criteria, data were
analysed for the confirmed cases separately); 7) studies
performed with cut-offs for positive test results that are not
used in Europe; 8) studies where selected patients were treated
for TB for .2 weeks prior to IGRA testing. Criteria five and
seven were not applied when screening studies on IGRAs were
performed on extrasanguinous fluids.

Citations were independently screened by two investigators by
examining titles and abstracts to identify potentially relevant
studies, and differences were resolved by consensus. These
original articles were then retrieved and the full text screened
for final inclusion and data extraction.

Data extraction
An electronic form for data extraction was designed. Two
reviewers analysed all selected articles independently and
extracted data were then crosschecked. In cases of deviations,
final documentation of data was based on consenus.

The following data were extracted: calendar period of the
study, country in which the study was conducted, sex
distribution, enrolled age groups (adults and children),
immune system impairment, BCG vaccination status, propor-
tion of AFB sputum-positive patients, proportion of culture-
confirmed patients, the sensitivity and specificity of IGRAs on
blood and specimens other than blood in the cohort or in
culture-confirmed cases, proportion of indeterminate results.
Although TST was not considered as a test to rule out active
TB, the sensitivity and specificity of TST was assessed in
addition. If necessary, additional information not specified in
the article was obtained by personal correspondence with the
authors of the articles.

Study quality assessment
The inter-rater agreement obtained for the data from the
included studies was 100%. Finally, the quality of each study
was assessed using the QUADAS (Quality Assessment of
Diagnostic Accuracy Studies) checklist [22, 23]. Quality
assessment of individual studies was deemed necessary to
identify potential sources of bias and to limit the effects of
these biases on the estimates and the conclusions of the review.

Statistical analysis
Combined estimates of sensitivity, specificity and diagnostic
OR, together with their 95% CI, were computed collecting all
the available data displayed in the selected studies (propor-
tions of true positives, true negatives, false positives and false
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negatives). Indeterminate results were excluded before calcu-
lation of sensitivity and specificity.

Forest plots were constructed to graphically assess both the
variability of the estimates of the diagnostic parameters and
the weight of every sample size in the calculation of the pooled
estimates (weighted means). A random-effects meta-analysis
was performed in order to account for the expected between-
study variability for each study, along with a pooled estimate
using the software for statistical analysis Stata 9.0 (StataCorp,
College Station, TX, USA) and MetaDisc software, version 1.4
[24]. Inconsistency (statistical heterogeneity) among studies
was assessed by the conventional Chi-squared test for
heterogeneity and by calculating the I2 statistic in order to
highlight the effect of true variability rather than sampling
error on the overall variation in diagnostic estimates.

RESULTS

Literature search
A total of 844 studies were screened for analysis of patients with
active TB using TST and/or IGRAs from blood and/or
extrasanguinous fluid, of which 27 met the inclusion criteria
(fig. 1) [14, 16, 17, 19, 25–47]. Of these, 9 (33.3%) included data on
IGRAs performed on extrasanguinous fluids (five BALF, three
pleural fluids, one ascites) [14, 16, 17, 19, 25, 31, 32, 39, 43].

Characteristics of the included studies
The studies included in the analysis were conducted in 35
different countries: South Africa was the most frequently
represented country (6 out of 35, 17.1%), followed by Italy and
Germany (5 out of 35, 14.3%, each), and Korea (4 out of 35,
11.4%) (table 1). The majority of studies (26 out of 27, 96.3%)
were carried out prospectively [14, 16, 17, 19, 25, 27–47] for an
average¡SD length of 16.8¡8.7 months; most of them (23 out
of 27, 85.2%) evaluated only adults suspected of active TB [14,
16, 17, 19, 25, 27, 29–37, 39–44, 46, 47]. The sample size varied
considerably between included studies with a median (inter-
quartile range (IQR)) of 91 (148) individuals enrolled per study.
Males were more represented than females (2,262 versus 1,559).
Furthermore, 17 out of 21 (81%) articles included known
immunocompromised individuals with a median (IQR) num-
ber of 20 (38) per study (i.e. median (IQR) proportion of 28.3%
(42.1%)); more than half described the use of IGRAs in HIV
positive patients (14 out of 21, 66.7%) [17, 25, 30–33, 35, 40, 41,
43–47]. The mean¡SD proportion of people immunised with
BCG was 53.8¡25.3%, while the median (IQR) proportion of
sputum smear-positive patients was 20% (41.6%). Age-related
sub-analyses were performed (i.e. children versus adults) but
characteristics, such as immunosuppression, BCG vaccination
or country of origin, were often already aggregated; conse-
quently, it was not possible to differentiate how these
characteristics affect the diagnostic accuracy of IGRAs. In
general, specificity data in these studies were derived from
non-TB patients who were evaluated for active TB.

Study quality
Overall the quality, evaluated by the QUADAS tool, was very
high and 8 (66.7%) out of 12 study quality indicators were met
by 100% of the included studies, thereby increasing the
strength of scientific evidence of the review.

Studies in adults
The studies evaluating the performance of IGRAs in samples of
adults were carried out in 31 different countries: mainly in
South Africa and Germany (10 out of 31, 32.3%), followed by
Italy and Korea (8 out of 31, 25.8%) (table 1). All articles
described studies based on a specific epidemiological design
(23 out of 23, 100%). Males were more represented than
females (1,818 versus 1,167). Almost half of the included
subjects were immunised with BCG (mean¡SD proportion of
BCG immunised patients per study was 42.1¡19.9%). The
median (IQR) proportion of sputum smear positive patients
was 25% (45%). Patients with impaired immunity were
enrolled in 15 (83%) out of 18 studies, with a median (IQR)
number per individual study of 24 (39.5) patients; HIV positive
individuals were included in 13 (86.6%) out of 15 studies. The
majority of the studies enrolling adults described the perfor-
mances of both TST and T-SPOT.TB1 (10 out of 23, 43.5%).
Tuberculin PPD RT-23 SSI was used by 12 (80%) out of 15.

844 potentially relevant 
citations identified by 

electronic  
databases (825) 

and supplementary
sources (19)

Distributed among 
five pairs of two experts

Distributed among 
five pairs of two experts

53 studies analysed 
in detail

791 excluded

26 excluded

27 studies finally included:
Blood 18

9

11
4
4

8

15

12

Extrasanguinous
Diagnostic assays:

T-SPOT.TB and TST
QFT-G-IT and TST

Other IGRA 
  combinations

Origin of study:
Low prevalence 
  country
High prevalence 
  country

T-SPOT.TB, QFT-G-IT 
  and TST

817 excluded in total for the 
following reasons:

Lab studies

No original article
Animal studies
TB not confirmed
Under treament
Not according to manufacturer 
  instructions
Cut-offs not used in Europe
Manuscript not available
Non-TB patients
Duplicate studies
Same patients as in other study

Other than QFT-G-IT 
  or T-SPOT.TB

233
169

152
123
109
12
11

1
1
1
4
1

FIGURE 1. Flow diagram for study selection. Low incidence countries were

defined as ,20 in 100,000 new sputum smear-positive cases while high incidence

countries were defined as o20 in 100,000 new sputum smear-positive cases.

QFT-G-IT: QuantiFERON-TB1 Gold in-tube assay; TB: tuberculosis; TST: tuberculin

skin test; IGRA: interferon-c release assay.
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Studies in children
Four articles included paediatric patients [26, 28, 38, 45] of
which 2 (50%) were derived from the UK (table 1). More than
half (3 out of 4, 75%) planned a prospective analysis. The
median (IQR) number of children enrolled per study was 204.5
(75.5), with a male:female ratio of 444:392. Most of them were
vaccinated with BCG (mean proportion of BCG-immunised
individuals per study: 74.2% (21.4%)). Only 1 (25%) out of 4
studies enrolled immunocompromised children. 50% (2 out of
4) of the selected studies evaluated the performances of T-
SPOT.TB1, QFT-G-IT and TST at the same time. Tuberculin
PPD RT-23 SSI was used by 3 out of 4 studies (75%) and
reaction size was read after 48–72 h (4 out of 4, 100%).

Characteristics of the TST described in the included studies
The median (IQR) number of individuals who underwent TST
was 98 (131) (table 2). The reaction was read at 48–72 h in
almost half of the cases (44.4%). Pooled sensitivity of the TST
was 65% (95% CI 61–68%; I2589%) for all patients with TB
(confirmed and non-confirmed by culture), while pooled
specificity was 75% (95% CI 72–78%; I2589%) (fig. 2). Pooled
diagnostic OR was 5.72 (95% CI 3.78–8.65; I2546.1%).

Pooled sensitivity computed after the inclusion of the studies
not showing specificity (n54) was similar to the aforemen-
tioned figure (i.e., 66%; 95% CI 63–69%; I2593.2%), while
pooled specificity computed after the inclusion of the studies
not showing sensitivity (n52) was lower at 66% (95% CI 63–
68%; I2594.3%). Pooled sensitivity was 68% (95% CI 63–72%;
I2590%) when only patients with culture-confirmed TB were
evaluated.

Characteristics of IGRAs performed on blood samples
The median (IQR) number of individuals who underwent
QFT-G-IT was 94.5 (189). The total number of TB patients and
controls with determinate results were 1,035 and 569,
respectively. The pooled sensitivity was 80% (95% CI 75–
84%; I2545.3%) for all patients with TB (confirmed and non-
confirmed by culture) (fig. 3). Pooled specificity was 79% (95%
CI 75–82%; I2581.1%). Pooled diagnostic OR was 11.5 (95% CI
5.1–25.7; I2567.8%). The addition of the studies not showing
specificity (n55) did not dramatically change the pooled

TABLE 1 Characteristics of the included studies (also stratified for adults and children)

Variable All individuals Adults Children

Country#

South Africa 6/35 (17.1) 5/31 (16.1) 1/4 (25.0)

Italy 5/35 (14.3) 4/31 (12.9) 1/4 (25.0)

Germany 5/35 (14.3) 5/31 (16.1)

Korea 4/35 (11.4) 4/31 (12.9)

UK 2/35 (5.7) 2/4 (50.0)

Other 13/35 (37.1) 13/31 (41.9)

Studies 27/27 (100.0) 23/27 (85.2) 4/27 (14.8)

Length of study months 16.8¡8.7 16.2¡7.9 23¡10.4

Prospective design 26/27 (96.3) 23/23 (100) 3/4 (75)

Individuals enrolled 91 (148) 89 (131) 204.5 (75.5)

Studies enrolling immunocompromised patients 17/21 (81) 15/18 (83.3) 1/4 (25.0)

Studies enrolling HIV+ patients 14/21 (66.7) 13/15 (86.6) 1/4 (25.0)

Proportion of immunocompromised patients enrolled per study 28.3 (42.1) 30.8 (37.8) NA

Immunocompromised patients enrolled per study 20 (38) 24 (39.5) NA

Male:female ratio 2262:1559 (1.45:1) 1818:1167 (1.56:1) 444:392 (1.13:1)

Proportion of BCG immunised per study 53.8¡25.3 42.1¡19.9 74.2¡21.4

Number of BCG immunised per study 62 (141) 27 (58) 201 (39.75)

Proportion of AFB smear positive patients 20 (41.6) 25 (45)

Diagnostic assays

T-SPOT.TB1 and TST 11/27 (40.8) 10/23 (43.5) 1/4 (25.0)

QFT-G-IT and TST 4/27 (14.8) 3/23 (13.0) 1/4 (25.0)

T-SPOT.TB1, QFT-G-IT and TST 4/27 (14.8) 2/23 (8.7) 2/4 (50.0)

Others (IGRAs only) 8/27 (29.6) 8/23 (34.8)

Data are presented as n/n total (%), mean¡SD or median (interquartile range), unless otherwise stated. BCG: bacille Calmette–Guérin; AFB: acid fast bacilli; TST:

tuberculin skin test; QFT-G-IT: QuantiFERON-TB1 Gold in-tube; IGRA: interferon-c release assay. #: 35 countries contributed to 27 studies.

TABLE 2 Characteristics of the tuberculin skin test (TST)
described in the included studies

TST used

2 IU RT23 SSI 12/19 (63.1)

TST reading after 48–72 h 8/18 (44.4)

Individuals who underwent TST 98 (131)

Culture-confirmed cases who underwent TST n 473

Culture-confirmed cases who underwent TST per study 31 (24.5)

Data are presented as n/n total (%) or median (interquartile range), unless

otherwise stated.
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BIANCHI [28]
a) Sensitivity

Sensitivity

Pooled sensitivity=0.65 (0.61_0.68)
Chi-squared=99.79; df=11 (p=0.0000)
Inconsistency I2=89.0%

Pooled specificity=0.75 (0.72_0.78)
Chi-squared=101.61; df=11 (p=0.0000)
Inconsistency I2=89.2%

Pooled diagnostic OR=5.72 (3.78_8.65)
Cochran-Q=20.42; df=11 (p=0.0399)
Inconsistency I2=46.1%
Tau-squared=0.2177

Patients n/n95% CI

Diagnostic OR 95% CI

151/177
75/164
28/43
11/12
40/45
4/13

29/48
15/32
44/75
13/26
33/52
14/16

0.79_0.90
0.38_0.54
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0.76_0.96
0.09_0.61
0.45_0.74
0.29_0.65
0.47_0.70
0.30_0.70
0.48_0.75
0.62_0.98

0.85

0 0.2 0.4 0.6 0.8 1

0.46
0.65
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0.89
0.31
0.60
0.47
0.50
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0.62
0.88

Specificity Patients n/n95% CI

72/150
37/40
83/103
14/23
9/14

17/19
32/50
30/35
74/97
12/15
10/20
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0.80_0.98
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0.35_0.87
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KIM [39]
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1.20_6.14
1.64_17.13
2.37_8.80
0.91_17.58
0.58_4.66

9.65_199.84

5.36
10.39
7.75
17.11
14.40
3.78
2.71
5.29
4.57
4.00
1.65
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◆
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FIGURE 2. Figure legend presented on following page.
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sensitivity (i.e., 77%; 95% CI 75–80%; I2564.5%). Pooled
sensitivity was 81% (95% CI 78–84%; I250%) for all patients
with culture-confirmed TB.

The median (IQR) proportion of QFT-G-IT indeterminate
results was 7% (12.6%). This was two-times lower than in the
samples derived from adults only (14.9% (13.6%)). The median
(IQR) proportion of indeterminate results among children was
6.3% (3.6%). The number of children with determinate results
was 491. Mean¡SD sensitivity in children was 79.9¡20.9%;
specificity was reported in only one paediatric study (85.8%).

The median (IQR) number of individuals who underwent T-
SPOT.TB1 was 90 (138). The total number of TB patients and
controls with determinate results were 1,212 and 1,070,
respectively. Pooled T-SPOT.TB1 sensitivity was 81% (95%
CI 78–84%; I2593.3%) for all patients with TB (confirmed and
non-confirmed by culture) (fig. 4). The inclusion of the papers
not showing specificity (n54) did not modify the afore-
mentioned pooled T-SPOT.TB1 sensitivity (i.e., 83%, 95% CI
80–85%; I2594.2%). Pooled T-SPOT.TB1 sensitivity was 92%
(95% CI 90–93%; I2578%) when patients with culture-con-
firmed TB were evaluated independently. Pooled T-SPOT.TB1

specificity was 59% (95% CI 56–62%; I2584.5%) while the
pooled diagnostic OR was higher than that of QFT-G-IT at
18.86 (95% CI 8.7–40.7; I2581.2%).

The median (IQR) proportion of T-SPOT.TB1 indeterminate
results was 3.4% (5%) (5% (9.5%) in adults and 8% (2.5%) in
children). A total of 227 children with TB and valid T-
SPOT.TB1 results were evaluated. Mean¡SD sensitivity was
42.2¡11% in all cases. Specificity was computed in only one
study (74%).

Characteristics of IGRAs performed on extrasanguinous
samples
Nine articles described the diagnostic performance of IGRAs
on extrasanguinous fluids: five on pleural fluid [19, 25, 31, 32,
43], three on BALF [14, 16, 17], and one on ascitic fluid [39].
None of these studies included children.

The total number of culture-confirmed cases undergoing
QFT-G-IT was 64 with a median (IQR) number of 18 (24) per
single study. Pooled sensitivity and specificity for all TB cases
(culture-confirmed and non-confirmed) were 48% (95% CI 39–
58%; I25not assessed) and 82% (95% CI 70–91%; I25not
assessed), respectively (fig. 5). Pooled sensitivity for culture-
confirmed TB cases was 52% (95% CI 39–64%; I2538%). Pooled
diagnostic OR was 3.84 (95% CI 1.73–8.5; I25not assessed). The
proportion of QFT-G-IT indeterminate results was very high,
with a median (IQR) of 23.1% (40.1%).

The total number of culture-confirmed cases undergoing T-
SPOT.TB1 was 128 with a median (IQR) number of 17 (26) in
each study. Pooled sensitivity of the T-SPOT.TB1 for all TB
cases (culture-confirmed and non-confirmed) was 88% (95% CI
82–92%; I2557.9%), comparable to the pooled sensitivity for
culture-confirmed TB cases of 88% (95% CI 81–93%; I2522%).

Pooled specificity was 82% (95% CI 78–86%; I2571.5%) (fig. 6).
Pooled diagnostic OR, higher than that computed for QFT-G-
IT, was 35.83 (95% CI 15.6–82.4; I2530.8%). The median (IQR)
proportion of T-SPOT.TB1 indeterminate results was lower
(5% (9.8%)) than that of the QFT-G-IT group.

DISCUSSION
Evidence for the use of the IGRAs (T-SPOT.TB1 and QFT-G-IT)
and TST for diagnosing active TB was assessed by a systematic
review and meta-analysis of published literature. It is an
updated analysis of studies that have used IGRAs on whole
blood [3, 48, 49], and brings added value by including, for the
first time, an evaluation of IGRA performance in extrasanguin-
ous fluids. Three important messages may be derived from this
analysis. First, although the diagnostic sensitivity of both IGRAs
was higher than that of TST for the diagnosis of active TB, it was
still not high enough to use these assays as a rule out test for TB.
Secondly, the specificity of IGRAs for the diagnosis of TB was
much lower than previously reported [3, 48–50] and inadequate
to distinguish active TB from latent infection. Thirdly, the data
indicate that the application of the T-SPOT.TB1 assay to
extrasanguinous fluids is currently the best available immuno-
diagnostic method for the diagnosis of active TB, although the
studies were few and number of study subjects limited.

In line with previous analyses, the sensitivity of both IGRAs for
the diagnosis of active TB was higher than that of TST. Overall
sensitivities did not differ between T-SPOT.TB1 and QFT-G-IT.
In general, however, the diagnostic sensitivity of IGRAs is too
low to support their use as a rule-out test for TB, as the negative
predictive value would not be sufficiently high. This low
diagnostic sensitivity may, in part, be a consequence of a
significant heterogeneity between study results (i.e. due to
advanced TB, co-morbidity, high versus low burden setting). A
combination of one of the two IGRAs with the TST or other
investigations such as smear microscopy or chest radiography,
may increase the post-test probability of ruling out active TB [35,
38, 51], but further studies are needed to evaluate this approach.

Interestingly, the pooled specificities of T-SPOT.TB1, QFT-G-IT
and TST in this analysis were as low as 59%, 79% and 75%,
respectively. Unlike previous reports on the specificity of
IGRAs for the diagnosis of TB that have exclusively used
control groups with a low risk of M. tuberculosis infection [48],
we have now also included studies that have assessed T-
SPOT.TB1, QFT-G-IT and TST in suspects of active TB who
were found to have an alternative disease. Apparently, the low
specificity is due to the fact that many of these individuals
have positive IGRA or TST results compatible with a diagnosis
of latent M. tuberculosis infection. Unlike low-risk controls,
these are more representative of patients that would be tested
in a routine clinical setting. Thus, the low specificity obtained
in this analysis emphasises that no current immunodiagnostic
test is suitable to distinguish active TB from latent infection
with M. tuberculosis in clinical practice when using peripheral
blood. This is an important finding that should be acknowledged

FIGURE 2. Forest plots of tuberculin skin test sensitivity, specificity and diagnostic OR. Data represent pooled values that were computed on all tuberculosis cases

(culture-confirmed and non-confirmed cases) where data on both sensitivity and specificity were available (12 studies). If values were computed including all studies that have

reported sensitivity, pooled sensitivity was 66% (95% CI 63–69%; I2593.2%, n516); pooled specificity of all studies that have reported specificity was 66% (95% CI 63–68%;

I2594.3%, n514). df: degrees of freedom.
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FIGURE 3. Forest plots of sensitivity, specificity and diagnostic odds ratio of QuantiFERON-TB1 Gold in-tube performed on blood samples. Data represent pooled

values that were computed on all tuberculosis cases (culture-confirmed and non-confirmed cases) where data on both sensitivity and specificity were available

(8 studies). If values were computed including all studies that have reported sensitivity (13 studies), pooled sensitivity was 77% (95% CI 75–80%; I2564.5%). df: degrees

of freedom.
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in future recommendations on the use of IGRAs for the diagnosis
of M. tuberculosis infection.

The situation is different in extrasanguinous samples, where the
pooled sensitivity was significantly higher for T-SPOT.TB1

(88%) compared with QFT-G-IT (48%). In addition, the
specificity of T-SPOT.TB1 in extrasanguinous samples was
higher compared to that recorded in blood (82% versus 59%),

whereas specificity of QFT-G-IT did not differ in the two
compartments (79% versus 82%). The median proportion of
indeterminate results with T-SPOT.TB1 was similar in blood
and extrasanguinous fluids, whereas QFT-G-IT had more
indeterminate results in extrasanguinous fluids. Thus, both the
higher sensitivity and the lower proportion of indeterminate
results indicate superiority of the T-SPOT.TB1 when analysing
extrasanguinous samples from patients with active TB.
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FIGURE 4. Forest plots of sensitivity, specificity and diagnostic odds ratio of T-SPOT.TB1 performed on blood samples. Data represent pooled values that were

computed on all tuberculosis cases (culture-confirmed and non-confirmed cases) where data on both sensitivity and specificity were available (15 studies). If values were

computed including all studies that have reported sensitivity (19 studies), pooled sensitivity was 83% (95% CI 80–85%; I2594.2%). Note that the pooled sensitivity of T-

SPOT.TB1 was obtained including the sensitivity derived from the study by NICOL et al. [45], which is significantly lower (,40%) than that described in the other studies. df:

degrees of freedom.
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The urgent need for alternative diagnostic assays is emphasised
by the fact that ,50% of pulmonary TB cases, and therefore the
majority of all TB suspects, have undetectable AFB in sputum
smear examinations. While neither TST nor IGRAs are clinically
relevant in AFB sputum smear-positive cases, rapid TB case
detection must be improved in AFB sputum smear-negative
patients, especially as .10% of secondary TB cases are
contracted from persons with negative AFB sputum smears
[52]. In this situation, the T-SPOT.TB1 assay, applied directly on
extrasanguinous fluids, could be an important improvement for
a rapid decision to initiate anti-TB treatment in countries of low
TB incidence. In such low-incidence settings, such specimens
are routinely collected in TB suspects with AFB sputum smear-
negative TB and the ELISPOT technology is available [53].

The current meta-analysis has some limitations in that there
was a considerable heterogeneity between studies. In addition,
information on the performance of the assays in children is
limited. Likewise, although many studies included immuno-
compromised patients, results are not reported in a stratified
way that would allow the effect of immunosuppression to be
addressed. Thus, more studies are needed that specifically
assess the effect of immunodeficiency on diagnostic accuracy
of the tests. This would be particularly relevant in the setting of
drug-mediated immunosuppression and in regions with a high
prevalence of HIV/M. tuberculosis co-infection. The calculation
of specificities was based not only on TB suspects but also on
individuals with a low risk for M. tuberculosis infection. While
this heterogeneity may lead to an overestimation of specificity,
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FIGURE 6. Forest plots of sensitivity, specificity and diagnostic odds ratio of T-SPOT.TB1 performed on extrasanguinous samples. Sensitivity data represent pooled values

that were computed on all tuberculosis cases (culture-confirmed and non-confirmed cases). All studies reported data on both sensitivity and specificity. df: degrees of freedom.
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this clearly emphasises the inability of IGRAs to distinguish
active disease from latent infection as well as lack of infection.

In conclusion, the current evidence brought forward in this
systematic review and meta-analysis shows that the IGRAs
have limited accuracy in diagnosing active TB. It is essential to
present and describe such evidence in guidance documents to
ensure that the assays are only introduced and applied in
diagnostic algorithms where they are of proven accuracy.
Sensitivity of IGRAs performed on blood is superior to that of
TST in patients with active TB. However, the low specificity
may indicate limited value of IGRAs to distinguish between
patients with specific immunity due to latent M. tuberculosis
infection from patients with active disease. Conversely, as
diagnostic accuracy is high when using T-SPOT.TB1 on
extrasanguinous fluids, T-SPOT.TB1 is currently the best
available immunological method to distinguish active TB from
latent M. tuberculosis infection. However, the number of
patients analysed so far is low, evaluation relied on pooled
data, and the application of IGRAs on extrasanguinous fluids
for the diagnosis of active TB has not yet been evaluated by the
regulatory authorities. Thus, definite evidence for the use of
IGRAs from compartments other than blood will require more
independent and carefully designed prospective studies.

STATEMENT OF INTEREST
Statements of interest for P. Ravn, A. Bossink and E. Girardi can be
found at www.erj.ersjournals.com/site/misc/statements.xhtml

ACKNOWLEDGEMENTS
The affiliations of the present authors are as follows. M. Sester: Dept of
Transplant and Infection Immunology, Saarland University, Homburg;
C. Lange: on behalf of the TBNET, Clinical Infectious Diseases and
Center for Clinical Studies, Medical Clinic, Research Center Borstel,
Borstel; C. Giehl: European Research and Project Office GmbH - Eurice,
Saarbrücken; R. Diel: Dept of Pulmonary Medicine, Hannover Medical
School, Hannover (all Germany). G. Sotgiu: Hygiene and Preventive
Medicine Institute, Sassari University, Sassari; E. Girardi: National
Institute for Infectious Diseases L. Spallanzani, Rome; G.B. Migliori:
WHO Collaborating Centre for TB and Lung Diseases, Fondazione S.
Maugeri, Care and Research Institute, Tradate (all Italy). A. Bossink:
Dept of Pulmonary Medicine, Diakonessenhuis, Utrecht, The
Netherlands; K. Dheda: Lung Infection and Immunity Unit, Division
of Pulmonology and University of Cape Town Lung Institute, Dept of
Medicine, Cape Town, South Africa; J. Dominguez: Dept of
Microbiology, Institut d’Investigació en Ciències de la Salut Germans
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