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Abstract

Interferon -gamma release assays (IGRAs) provide a new diagnostic method

for Mycobacterium tuberculosis (TB) infection. However, the diagnostic value

of IGRAs for extrapulmonary TB (EPTB) has not been clarified. We searched

several databases and selected papers with strict inclusion criteria, evaluated the

evidence of commercially available IGRAs (QuantiFERON®-TB Gold QFT-G

or QFT-GIT and T-SPOT®.TB) on blood and the tuberculin skin test (TST)

using random effects models. Twenty studies with 1711 patients were included.

After excluding indeterminate results, pooled sensitivity for the diagnosis of

EPTB was 72% [95% confidence interval (CI) 65–79%] for QFT-G or GIT and

90% (95% CI, 86–93%) for T-SPOT; in high-income countries the sensitivity

of QFT-G or GIT (79%, 95% CI 72–86%) was much higher than that (29%,

95% CI 14–48%) in low/middle-income countries. Pooled specificity for EPTB

was 82% (95% CI 78–87%) for QFT-G or GIT and 68% (95% CI 64–73%) for

T-SPOT. Pooled sensitivity of TST from four studies in high-income countries

was lower than that of IGRAs. T-SPOT was more sensitive in detecting EPTB

than QFT-G or GIT and TST. However, both IGRAs and TST have similar

specificity for EPTB. IGRAs have limited value as diagnostic tools to screen

and rule out EPTB, especially in low/middle-income countries. The immune

status of patients does not affect the diagnostic accuracy of IGRAs for EPTB.

Introduction

Extrapulmonary tuberculosis (EPTB) remains a serious

problem, with an estimated 9.4 million TB cases worldwide

in 2009 (Lawn & Zumia, 2011). Moreover, the HIV epi-

demic altered the proportion of EPTB among TB patients,

increasing new EPTB infection to over 15% of total TB

cases (Small et al., 1991). EPTB mainly includes tubercu-

lous lymphadenitis, pleural TB, skeletal TB, central nervous

system TB, abdominal TB, genitourinary TB, tuberculous

pericarditis, etc. (Golden & Vikram, 2005). Early diagnosis

of EPTB is essential for further treatment and control of

this infectious disease. However, low bacterium detection

rate and difficult access to pathological evidence make the

diagnosis of EPTB more elusive than pulmonary TB.

Interferon-gamma release assays (IGRAs) are new

immunologic diagnostic tools for TB based on detection

of a T-cell immune response to the TB antigens, which

include early secretary antigen target (ESAT-6), culture

filtrate protein (CFP-10) and a third antigen, TB7.7

(included in the newer version of the QTF Gold test

in vitro). ESAT-6, CFP-10 and TB7.7 are encoded by

genes in the region of difference-1 (RD1) which is present

in Mycobacterium tuberculosis but absent in Myobacterium

bovis Bacilli Calmette-Guérin (BCG) and most nontuber-

culous mycobacteria (NTM), and these antigens had been

shown to be more specific in the diagnosis of TB than

others (Pai et al., 2004; Goletti et al., 2006). At the time

of writing, two commercial IGRAs are available: the

enzyme-linked immunosorbent assay (ELISA)-based

QuantiFERON-TB® Gold in-tube assay (QFT-GIT) and

its predecessor the QuantiFERON®-TB Gold (QFT-G)

test (Cellestis Ltd, Carnegie, Vic., Australia) in which

interferon-gamma (IFN-c) is measured quantitatively by
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ELISA; and the ELISpot-based T-SPOT.TBTM test (Oxford

Immunotec Inc., Abingdon, UK) in which the number of

IFN-c-producing T cells is measured by ELISPOT. In

recent years, IGRAs have been widely used in the diagno-

sis of latent TB infection and active TB in some coun-

tries. Meta-analysis data have shown that the overall

specificity of IGRAs was 98–100% in latent TB infection

(Diel et al., 2011). Pooled sensitivity for active TB in

blood was 80% [95% confidence interval (CI) 75–84%]

for QFT-G-IT and 81% (95% CI 78–84%) for T-SPOT

TB; pooled specificity for active TB in blood was 79%

(95% CI 75–82%) for QFT-GIT and 59% (95% CI 56–
62%) for T-SPOT TB (Sester et al., 2011). IGRAs may

have a slight advantage over the tuberculin skin test

(TST) in detecting latent TB infection (Diel et al., 2011).

However, IGRAs cannot efficiently distinguish latent TB

infection from active TB, and a recent meta-analysis con-

cluded that IGRAs had limited accuracy in diagnosing

active TB in HIV-infected patients (Chen et al., 2011).

Whether IGRAs have similar limitation in diagnosing

EPTB to the overall diagnostic accuracy of IGRAs for

EPTB on blood has not yet been clearly defined. This is a

problem for physicians trying to interpret these results in

patients with suspected EPTB.

We performed a systematic review and meta-analysis of

the accuracy of commercially available IGRAs on blood

for the diagnosis of EPTB according to evidence-based

criteria.

Materials and methods

This meta-analysis was conducted according to the guide-

lines of the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) statement (Moher

et al., 2009); we evaluated the quality of studies with two

methods of standard study quality assessment: the Standards

for Reporting of Diagnostic Accuracy (STARD) and the

Quality Assessment of Diagnostic Accuracy Studies (QUA-

DAS) checklist (Bossuyt et al., 2003; Whiting et al., 2003).

Search strategy

We identified studies that evaluated the diagnostic value

of IGRAs in patients with EPTB. We searched all studies

published in English in electronic databases as follows:

PubMed (1980–2011), Embase (1980–2011), Web of Sci-

ence (1990–2011) and Cochrane-controlled central regis-

ter of controlled trials (1990–2011). All searches were up

to date as of June 2011. The following research terms

were included: ‘Tuberculosis/diagnosis’ [MeSH] and

‘IGRA’ (text term), ‘EPTB, interferon gamma’ (text term),

‘interferon-gamma, diagnosis tuberculosis’ (text term),

‘pleural tuberculosis, IGRA’ (text term), ‘tuberculosis,

pleural/diagnosis ‘[MeSH], ‘interferon gamma’ (text

term), ‘T-cell interferon-gamma release assay, tuberculo-

sis’ (text term), ‘T-SPOT, tuberculosis’ (text term), ‘T-cell

response, tuberculosis, diagnosis’ (text term). We also

identified further studies from the references in these

papers.

Study selection

We read all the abstracts to select the appropriate studies

on blood samples with full text available online to diag-

nosis EPTB. The following types of studies or letters to

the editors were included that satisfied the following con-

ditions: (1) clinical diagnosis studies using either two

commercially available IGRA platforms (QFT-GIT and its

predecessor QuantiFERON-TB® Gold, QFT-G test or

T-SPOT®.TB) with data demonstrating diagnostic sensi-

tivity and specificity; (2) active EPTB in participants was

confirmed by culture, nucleic acid amplification and his-

topathological findings; (3) clinical research on EPTB

(rather than latent TB, active TB without any indication

of infection site and pulmonary tuberculosis); (4) studies

on humans; (5) original research with data presented.

The following types of studies were excluded: (1) stud-

ies where active TB was not confirmed by M. tuberculosis

culture or Mycobacterium TB (MTB) nucleic acid amplifi-

cation, or characteristic histopathological findings (in

mixed studies, i.e. those without these strict criteria, data

were analysed for the confirmed cases separately). How-

ever, if the number of unconfirmed and confirmed

patients was not presented separately, those studies were

excluded to avoid selection bias. (2) Studies performed

with noncommercial assays rather than commercially

available QFT-G/GIT or T-SPOT.TB; (3) studies present-

ing data on body fluids rather than blood; (4) studies not

performed according to the manufacturers’ instructions;

and (5) studies not published in English, reviews, case

reports, letters and studies with limited data, studies on

animals, not exclusively for diagnostic research and stud-

ies with fewer than than subjects, papers published before

1980, and studies investigating immune response to new

antigens.

Citations were independently screened by two investi-

gators (L.F and Z.C.) by examining titles and abstracts to

identify potentially relevant studies. Disagreements were

resolved by consensus. Three reviewers performed the

review of titles and/or abstracts and 42 publications were

retrieved for full-text review (Fig. 1).

Data extraction and quality assessment

An electronic form for data extraction was designed. Two

investigators (L.F. and Z.C.) extracted the data from
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selected papers and assessed the methodological quality of

studies independently. Differences were resolved by con-

sensus.

The following data were extracted: first author, publica-

tion year, country where the study was conducted, study

period, age and sex of the enrolled participants, propor-

tion of HIV-positive participants, proportion of partici-

pants with immunosuppressive status, number of cases,

BCG history, IGRA method (T-SPOT TB or QFT-GIT,

QFT-G) and data (true-positive, false-positive, false-nega-

tive, true-negative and indeterminate results) from IGRAs

and TST on blood, and study design (cross-sectional

study or not, consecutive or not, blinded or not blinded,

prospective or retrospective study). The reference stan-

dard for the diagnosis of EPTB in all included studies

was positive culture or MTB PCR confirmation. The clas-

sification of countries was made with reference to The

World Bank (http://data.worldbank.org/country), and the

income of each country is inversely proportional to TB

incidence (per 100 000 people), which can represent the

TB burden of each country (available at http://data.world

bank.org/about/country-classifications/country-and-lend

ing-groups) in which TB incidence can be searched.

Immunosuppressive status was based on participants hav-

ing diabetes, liver cirrhosis, chronic renal failure, solid

tumours, haematologic malignancy, HIV infection and

receiving immunosuppressive treatment within 3 months

(Song et al., 2009).

The methodological quality of the studies was assessed

using the STARD (maximum score 25) and the QUADAS

(maximum score 14) tools (Bossuyt et al., 2003; Whiting

et al., 2003, 2006). We contacted the study authors for

further details about their studies when we were unable

to find them in papers. If we did not get a response or

did not get a satisfactory response, the data were qualified

as ‘unknown’.

Data synthesis and statistical analysis

We followed standard methods of the PRISMA checklist

and flowchart recommended for meta-analyses and didac-

tic guidelines for diagnostic tests (Moher et al., 2009).

For each study, we recalculated the sensitivity and speci-

ficity using data from the original papers; sensitivity is as

used here is the proportion of individuals with a positive

IGRA who had culture-confirmed EPTB, and specificity is

the proportion of individuals with a negative IGRA who

had TB based on another diagnosis or if there was clinical

improvement without anti-TB therapy. For indeterminate

tests, these results were excluded before calculation of

sensitivity and specificity.

Combined estimates of sensitivity, specificity, positive

likelihood ratio (PLR), negative likelihood ratio (NLR)

and diagnostic odds ratio (DOR), together with their

95% CIs, were computed collecting all the available data

(number of true positives, true negatives, false positives,

and false negatives). We analysed and compared the esti-

mates of diagnostic value from two subgroups, namely

the ELISA-based QFT-GIT or its predecessor QFT-G, and

ELISPOT-based T-SPOT.TB.

Forest plots were constructed to graphically assess both

the variability of the estimates of the diagnostic parame-

ters and the weight of sample sizes in the calculation of

the pooled estimates (weighted means). A random-effects

meta-analysis was performed to account for the expected

between-study variability, along with a pooled estimate

using the statistical analysis software METADISC version 1.4

(Zamora et al., 2006). Inconsistency (statistical heteroge-

neity) among studies was assessed by the conventional

chi-squared test for heterogeneity and by calculating the

I2 to highlight the effect of true variability rather than

sampling error on the overall variation in diagnostic esti-

mates. To assess the effects of the immunosuppressive

status of participants and different study designs on the

diagnostic values of IGRA for EPTB, we calculated the

covariates in covariance meta-regression analysis. This

  22 excluded 

424 excluded 

20 studies finally 
included: 
Pleural TB (n = 5) 
Skeletal TB (n = 2) 
Abdominal TB (n = 2) 
Central nervous 
system TB (n = 3) 
Tuberculous  
Cutaneous TB (n = 1) 
Genitourinary TB 
(n = 1) 
EPTB mixed # (n = 6) 

466 potentially relevant citations  
identified by electronic databases 
 (465) and supplementary data (1) 

Reviewed by at least two 
investigators 

Records screened 

Not commercial assay (n = 2) 
Fewer than 10 patients of 
EPTB (n = 1) 
Full –text in Korea (n = 1) 
Case reports without enough 
information (n = 8) 
Not exactly diagnosis study 
(n = 2)  
Lack of data of specificity 
(n = 2) 
Studies without presented 
data of confirmed TB and non-
confirmed TB separately (n = 6) 

Excluded before full text 
screening for the following 
reasons: 
Latent TB infection (n = 24 ) 
Activie TB not EPTB (n = 49) 
Reviews (n = 25) 
Letters without enough data 
(n = 4) 
Case report (n = 16) 
Not in English (n = 10) 
Animal studies (n = 24) 
Non-Tuberculosis 
Mycobacterium (n = 3) 
Not diagnostic study (n = 48) 
Not IGRA assay (n = 56) 
Lab studies (n = 146) 
Not original studies (n = 19)

Full-text papers 
assessed 

Fig. 1. Flow diagram for study selection. #EPTB mixed refers to

subjects with mixed different extrapulmonary sites of active TB.
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was performed using METADISC software in which the rela-

tive DOR (RDOR) was calculated to determine the

change in diagnostic precision in the study per unit

increase in the covariate (Suzuki et al., 2004).

Results

Literature search

A total of 465 studies were screened for patients with

EPTB diagnosed by IGRAs (Fig. 1). After independent

review, 20 publications investigating the diagnosis of

patients with EPTB using commercially available IGRAs

(QFT-G or GIT and T-SPOT.TB) met the inclusion crite-

ria (n = 1711 patients; Table 1). Among them there were

four studies presenting data of TST results. After reading

the papers carefully, we excluded eight studies that were

done using IGRAs for the diagnosis of EPTB because one

paper did not use a commercial IGRA assay and seven

papers failed to present the data separately from culture-

confirmed EPTB cases (Chegou et al., 2008; Thomas

et al., 2008; Ang et al., 2009; Dheda et al., 2009; Ball

et al., 2010; Kim et al., 2010, 2011; Ates et al., 2011). In

this meta-analysis, extrapulmonary sites of active TB

included pleura, bone, abdomen, central nervous system,

skin and genitourinary system. There were 13 studies

(65%) using the ELISPOT-based T-SPOT.TBTM test, and

seven studies (35%) using ELISA-based QFT-G or QFT-

GIT assay. In one study (Kim et al., 2009b), the subjects

were classified into two groups: immunocompromised

and immunocompetent, so the data were presented sepa-

rately for each group; we extracted two groups of data

from this study.

Characteristics of the selected studies

Table 1 shows data for 20 selected studies carried in seven

different countries. One was a multicentre study from

several countries, predominately India. South Korea was

the most frequent country (seven of 20, 35%), followed

by Taiwan (five of 20, 25%), Japan (three of 20 studies,

15%), South Africa (two of 20, 10%), Germany (one of

Table 1. Characteristics of the included studies

References Country Diagnosis Methods of IGRAs used

Age [years; mean ± SD

or mean (range)]

Nishimura et al. (2008) Japan EPTB in mixed sites QFT-G 56 (18–56)

Kobashi et al. (2009)* Japan EPTB in mixed sites QFT-G 62 ± 13.3

Liao et al. (2009) Taiwan EPTB in mixed sites T-SPOT.TB 53.2 (13–93)

Lai et al. (2011b) Taiwan Skeletal TB T-SPOT.TB 62 ± 15.4

Song et al. (2009) Korea EPTB in mixed sites QFT-G 47 (16–96)

Kim et al. (2009b)* Korea EPTB in mixed sites T-SPOT.TB 48.3 ± 17.8(TB)

46.2 ± 17.8 (Not TB)

Lai et al. (2010) Taiwan Genitourinary TB T-SPOT.TB 62.9 ± 12.4

Kim et al. (2007)* Korea EPTB in mixed sites T-SPOT.TB 51.2 ± 15.2 (TB)

47.7 ± 17.3 (Not TB)

Kim et al. (2009a) Korea Abdominal TB T-SPOT.TB 48.5 ± 16.6 (TB)

53.7 ± 14.9 (Not TB)

Kim et al. (2008) Korea Central nervous system TB T-SPOT.TB 45.5 ± 16.5 (TB)

39.3 ± 16.5 (Not TB)

Cho et al. (2010)* Korea Osteoarticular TB T-SPOT.TB 52.3 ± 15.5 (TB)

58.8 ± 16.6 (Not TB)

Ariga et al. (2007) Japan Pleural TB QFT-G 67.9 ± 17.1

Losi et al. (2007) Germany Pleural TB T-SPOT.TB 69 (21–72)

Baba et al. (2008) South Africa Pleural TB QFT-GIT 39 (20–70)

Lee et al. (2009) Taiwan Pleural TB T-SPOT.TB 60.5 (21–102)

Cho et al. (2011) Korea Peritonitis TB T-SPOT.TB 48.6 ± 19.6 (TB)

49.9 ± 16.0 (Not TB)

Patel et al. (2010) South Africa TB meningitis T-SPOT TB 33.5 ± 9.5 (TB)

32.9 ± 9.7 (Not TB)

Vidhate et al. (2011) India TB meningitis QFT-G-IT 28.9 ± 11.8 (TB)

34.5 ± 17.1 (Not TB)

Losi et al. (2011) Italy Pleural TB QFT-G-IT 32 ± 16 (TB)

71.5 ± 15 (Not–TB)

Lai et al. (2011a) Taiwan Cutaneous TB T-SPOT.TB 55.2 ± 16.4

*Studies with TST data.
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20), India (one of 20) and Italy (one of 20). Most of the

included studies (17/20, 85%) were conducted in high-

income countries (Japan, Republic of Korea, Taiwan, Ger-

many, Italy), with the remainder in low/middle-income

countries (South Africa, India). Most of the studies

recruited adult patients with the exception of one study

which recruited a few of children with tuberculous men-

ingitis (Vidhate et al., 2011). The median (range) sample

size was 85.6 ± 52.1. Males are more represented than

females among the 20 studies (total ratio of males and

females of 1.14). The mean age of participants was

50.7 ± 12.8 years in the QFT-G or QFT-GIT studies, and

53.1 ± 9.7 years in T-SPOT studies. Participants with

BCT vaccination history, which was presented in only

three studies, comprised 43.35% of the total recruited

cases. All included studies were prospective (Table 2).

Study quality

Overall quality, evaluated via the STARD tool, was high

and study quality indicators were met by 62.5% (15/24

items in the STARD tool) in all included studies. When

evaluated by the QUADAS tool, overall quality was also

high, study quality indicators were met by 85.7% (12/14

items in the QUADAS tool) in 13 (65%) studies and

64.3% (9/14 items) in another seven studies, thereby

increasing the scientific strength of the review.

Sensitivity of IGRAs

The median (SD) proportion of indeterminate results in

QFT-G or GIT was 6.23% (8.54), slightly higher than

2.48% (3.28) in T-SPOT.TB. After excluding the indeter-

minate results, the pooled sensitivity of QFT-G or QFT-

GIT was 72% (95% CI 65–79%, I2 = 80.5%, P = 0.0000;

Fig. 2a); that of QFT-G or QFT-GIT in high-income

countries was higher (79%, 95% CI 72–86%, I2 = 0%,

P = 0.59) than that (29%, 95% CI 14–48%, I2 = 72.5%,

P = 0.06) in low/middle-income countries. The pooled

sensitivity of T-SPOT.TB was 90% (95% CI 86–93%,

I2 = 38.4%, P = 0.07, Fig. 2b); T-SPOT.TB in high-

income countries showed a sensitivity of 89% (95% CI 85

–93%, I2 = 29.7%, P = 0.15), which was similar to that

in the one study (89%, 95% CI 75–97%) conducted in

(a)

(b)

Fig. 2. Forest plot of estimate of sensitivity using QFT-G or GIT (a) and T-SPOT.TB (b) for the diagnosis of EPTB.
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low/middle-income countries. If indeterminate results

were deemed negative, both results decreased: sensitivity

of QFT-G or QFT-GIT to 69% (95% CI 62–76%,

I2 = 80.8%, P = 0.000), and sensitivity of T-SPOT.TB to

89% (95% CI 85–92%, I2 = 29.4, P = 0.14). If we analyse

the subgroups according to immune staus, the pooled

sensitivities in studies without immunosuppressive hosts

were 69% (95% CI 58–78%) for QFT and 96% (95% CI

85–99%) for T-SPOT, similar to values in studies with

immunocompromised patients (76%, 95% CI 65–84% for

QFT; 89%, 95% CI 85–93% for T-SPOT).

Specificity of IGRAs

The pooled specificity of QFT-G or GIT was 82% (95%

CI 78–87%, I2 = 76.8%, P < 0.001, Fig. 3a); QFT-G or

GIT conducted in high-income countries showed a speci-

ficity of 83% (95% CI 78–87%, I2 = 80.2%, P < 0.001),

slightly higher that (71%, 95% CI 48–89%, I2 = 74.7%,

P = 0.05) in low/middle-income countries. The pooled

specificity of T-SPOT.TB was 68% (95% CI 64–73%,

I2 = 74.2%, P < 0.001; Fig. 3b), T-SPOT.TB conducted in

high-income countries showed a specificity of 73% (95%

CI 68–77%, I2 = 46.4%, P = 0.03), much higher than that

of 34% (95% CI 21–49%) conducted in only one low/

middle-income country. If we analyse the specificity

according to immune status subgroups, the pooled speci-

ficity in studies without immune-compromised hosts was

80% (95% CI 74–85%) for QFT and 65% (95% CI

54–75%) for T-SPOT, similar to values in studies with

immune-compromised patients (87%, 95% CI 79–93%
for QFT; 69%, 95% CI 64–74% for T-SPOT).

Characteristics of TST described in the studies

Among the studies included, four used a TST test, all of

which were conducted in high-income countries

(Republic of Korea, Japan). The pooled sensitivity of TST

from these four studies was 59% (95% CI 51–68%,

I2 = 65.9%, P = 0.02), pooled specificity was 71% (95%

CI 64–77%, I2 = 78.5%, P = 0.001). Excluding the data

from immunocompromised patients in one study which

(a)

(b)

Fig. 3. Forest plot of estimate of specificity of QFT-G or GIT (a) and T-SPOT.TB (b).
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have two groups of participants with different immune

status (Kim et al., 2009b), the pooled sensitivity increased

to 63% (95% CI 54–72%, I2 = 57.8%, P = 0.07; Fig. 4a),

heterogeneity of sensitivity decreased and pooled specific-

ity decreased to 68% (95% CI 60–75%, I2 = 73.6%,

P = 0.01, Fig. 4b), indicating the immunocompromised

status of participants may affect the diagnostic sensitivity

of TST.

Multiple regression analysis

Table 3 assesses the potential effect of immunosuppres-

sive status and different study designs on diagnostic accu-

racy of IGRAs using metaregression analysis. Table 3

demonstrates that factors such as immunosuppressive sta-

tus, blinded design, cross-sectional design and consecutive

did not affect the diagnostic accuracy of IGRAs for EPTB

(all P values non-significant).

Discussion

EPTB is difficult to diagnose because of its atypical

clinical presentation and low rate of culture positivity.

Pathological diagnosis usually requires invasive surgical

procedures, which are expensive and traumatic for

patients. New immunodiagnostic IGRAs are required to

efficiently diagnose EPTB. However, in this meta-analysis,

the data showed that neither ELISA-based IGRAs nor

ELISPOT-based IGRAs can provide enough sensitivity

and specificity for the diagnosis of EPTB, especially for

patients in low/middle-income countries which have high

TB burdens; this is in agreement with other researchers

(Metcalfe et al., 2010; Rangaka et al., 2012). As it is well

known that IGRAs cannot separate TB infection from

active TB disease, it may explain the poor specificity of

IGRAs in distinguishing EPTB from latent TB infection

and other diseases.

Four important messages may be derived from this

meta-analysis (1) the sensitivity of QFT-G or GIT in

high-income countries was much higher than that in low/

middle-income countries, but it is still not high enough

to screen for EPTB; (2) the sensitivity of QFT-G/GIT or

specificities of QFT-G/GIT and T-SPOT.TB were very low

in low/middle-income countries; (3) in high-income

countries both T-SPOT.TB and QFT-G/GIT had advanta-

ges over screening for EPTB than TST; and (4) immuno-

suppressive status of patients does not affect the

diagnostic accuracy of IGRAs for EPTB.

Regarding diagnosis of culture-confirmed EPTB, the

overall sensitivity of T-SPOT.TB (90%) was higher than

that of QFT-G or GIT (72%); the sensitivity of T-SPOT.

TB was similar in high- and low/middle-income countries

while the sensitivity of QFT-G or GIT in high-income

countries was obviously higher (79%) than that (29%) in

low/middle-income countries. This demonstrates that

T-SPOT was superior to QFT-G or GIT in diagnostic

sensitivity for EPTB, in agreement with another meta-

analysis of IGRAs for latent TB infection (Pai et al.,

2008). However, a meta-analysis of IGRAs in the diagno-

sis of active TB in HIV-positive patients (Chen et al.,

2011) showed different results, with similar sensitivity of

QFT-GIT and T-SPOT (76.7% and 77.4%, respectively).

We conjectured that the different analysis results may

result from different groups of participants in different

(a)

(b)

Fig. 4. Forest plot of estimate of sensitivity (a) and specificity (b) of TST from four studies in high-income countries.
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countries and populations, or that HIV infection

decreased the ability of T-SPOT to screen for active TB.

The sensitivity of QFT was very low in low/middle-

income countries in the present meta-analysis; this might

be due to depressed immune response to TB antigens in

severe or disseminated active TB as there were more

severe TB cases in low/middle-income countries, and a

decreased IFN-c response might result in more false

negative QFT results in the diagnosis of EPTB (Vekemans

et al., 2001; Vidhate et al., 2011). The other possibility

might be cut-off values or spots of IGRAs: all included

studies performed IGRAs according to standard manufac-

turer’s instructions, and cut-off values among the differ-

ent countries were slightly different, but this did not

influence heterogeneity of meta-analysis as we calculated

the threshold effects (data not shown). Although IGRAs

Table 2. Quality and design of studies included

References

No. of

participants

Cross-

sectional

Consecutive

or random

Blinded

design

Prospective

study

Immunosuppressive

status (%)*

Nishimura et al. (2008) 144 Yes Yes Yes Yes 0

Kobashi et al. (2009) 110 Yes Yes Unknown Yes 41.8

Liao et al. (2009) 138 Yes Yes No Yes 50.7

Lai et al. (2011b) 36 Yes Yes Unknown Yes 44.7

Song et al. (2009) 100 Yes Yes No Yes 15

Kim et al. (2009b) 179 Yes Yes No Yes 0 and 100†

Lai et al. (2010) 36 Yes Yes Unknown Yes 66.7

Kim et al. (2007) 179 Yes Yes No Yes 49.3

Kim et al. (2009a) 48 Yes Yes Yes Yes 27.1

Kim et al. (2008) 37 Yes Yes No Yes 24.3

Cho et al. (2010) 65 Yes Yes Yes Yes 10.9

Ariga et al. (2007) 155 Yes Yes Unknown Yes 0

Losi et al. (2007) 41 Yes Unknown Unknown Yes 0

Baba et al. (2008) 34 No Yes No Yes 82

Lee et al. (2009) 40 Yes Yes Unknown Yes 62.5

Cho et al. (2011) 64 Yes Yes Yes Yes 38.2

Patel et al. (2010) 140 Yes Yes Yes Yes 94.19

Vidhate et al. (2011) 52 No No Unknown Yes 0

Losi et al. (2011) 68 Yes Yes Unknown Yes 0

Lai et al. (2011a) 45 Yes Yes Unknown Yes 57.8

*Ratio of participants with immunocompromised status to total cases.

†The participants in this study included two groups: one group had 100% with immunocompromised status, one group with immunocompetent

status.

Table 3. Metaregression (inverse variance weights)

Var Coeff. SE P RDOR 95% CI

(a) Metaregression on seven studies with QFT-G or QFT-GIT

Cte �2.281 1.2930 0.1759 – –

S �0.495 0.4188 0.3220 – –

Immnuosuppressive* 1.363 1.0921 0.2801 3.91 0.19–81.03

Cross sectional 4.143 1.7214 0.0738 63.00 0.53–7497.74

Blinded 1.917 1.7512 0.3352 6.80 0.05–878.81

Consecutive 4.143 1.7214 0.0738 63.00 0.53–7497.74

(b) Metaregression on 13 studies with T-SPOT.TB

Cte 3.526 1.6131 0.0566 – –

S 0.074 0.2314 0.7553 – –

Immnuosuppressive* �0.491 0.3426 0.1853 0.61 0.28–1.33

Consecutive 0.200 1.6326 0.9053 1.22 0.03–49.06

Blinded �1.151 0.5693 0.0739 0.32 0.09–1.15

*Immunosuppressive status was evaluated based on the percentage of subjects with immunosuppressive status enrolled studies: 0, 0–40% of

subjects with immunosuppressive status; 1, 41–80% of subjects with immunosuppressive status; 2, 81–100% of subjects with immunosuppres-

sive status. In (a), all studies were performed prospectively, whereas in (b) all studies were performed prospectively and were cross-sectional.
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might not be influenced by BCG and most NTM, the

optimal cut-off values in countries with a high TB burden

need to be explored further.

The overall specificity of QFT-G/GIT (82%) was

slightly higher than that of T-SPOT (68%), and values

for QFT-G/GIT and T-SPOT in high-income countries

(83% and 73%, respectively) were higher than those in

low/middle-income countries (71% and 34%). The low

specificity of T-SPOT in one study (Patel et al., 2010)

from a low/middle-income country indicates that IGRAs

completely failed to efficiently distinguish EPTB from

latent TB infection, indicting populations from counties

with high TB burden might influence the diagnostic

specificity of IGRAs for EPTB, a conclusion also reached

in another meta-analysis of IGRAs for pulmonary TB

(Metcalfe et al., 2011).

Compared with data for TST for the diagnosis of EPTB

from four studies, all of which were conducted in high-

income countries, the data indicated that IGRAs are supe-

rior for detecting culture-confirmed EPTB, especially in

high-income countries: the sensitivity of QFT-G/GIT

(79%) or T-SPOT (90%) was obviously higher than that

of TST (59%). This conclusion was also reached by Diel

et al. (2010) and Sester et al. (2011). However, the speci-

ficity of the two commercial IGRAs (83% and 73%) had

no obvious advantage over TST (71%), and the low and

similar specificity of IGRAs for EPTB in low/middle-

countries demonstrated that IGRAs cannot replace TST

in the diagnosis of active TB (Lee et al., 2011; Machin-

gaidze et al., 2011; Mahomed et al., 2011; Mandalakas

et al., 2011). However, we considered that IGRAs had

one advantage over TST because IGRAs results remained

uninfluenced by BCG (Sun et al., 2011).

Stratified analysis, in which we divided participants

into three subgroups according to the proportion of par-

ticipants with immunosuppressive status in total cases

and subgroup analysis, showed that immunosuppressive

status did not influence the diagnosis accuracy of IGRAs

for EPTB. One study (Kim et al., 2009a, b) also found

that immunosuppressive condition did not affect the

diagnostic sensitivity of T-SPOT for EPTB, but further

research is needed to clarify this.

There were some potential limitations in our meta-

analysis. We selected studies published in English only,

limiting our ability to gather more valuable papers in

non-English. Most of the studies included were conducted

in high-income countries with a low TB burden; the

number of studies from low/middle-income countries

that met our included criteria was limited. In addition,

we focused only on IGRAs on blood in this analysis

rather than body fluid due to the heterogeneous protocols

for the latter. In addition, we subdivided the studies into

those from high-income and low/middle-income coun-

tries: heterogeneity decreased greatly after subgroup anal-

ysis but still exists in some results, which may need to be

explored further.

In conclusion, this systematic review and meta-analysis

shows that IGRAs cannot provide sufficient sensitivity

and specificity for the diagnosis of EPTB, especially in

low/middle-income countries. Immunosuppressive condi-

tion does not affect the diagnostic accuracy of IGRAs for

EPTB. Further modifications are necessary to improve the

diagnostic efficiency of IGRAs.
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