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Abstract 

 

Background: Although intended for latent tuberculosis (TB), we hypothesized that in a 

high-burden setting: (i) the magnitude of response when using interferon-γ-release-assays 

(IGRAs) can distinguish active TB from other diagnoses, (ii) that IGRAs may aid in the 

diagnosis of smear-negative TB and (iii) that IGRAs could be useful as rule-out tests for 

active TB. 

Methods: We evaluated the accuracy of two IGRAs [QuantiFERON-TB Gold In-Tube 

(QFT-GIT) and TSPOT.TB] in 395 patients (27% HIV-infected) with suspected TB in 

Cape Town, South Africa.   

Results: IGRA sensitivity and specificity (95% CI) were: QFT-GIT [76% (68,83) and 

42% (36,49)] and TSPOT.TB [84% (77,90) and 47% (40,53)], respectively. Although 

IFN-γ responses were significantly higher in the TB versus non-TB groups (p<0.0001), 

varying the cutpoints did not improve discriminatory ability. In culture-negative patients, 

depending on whether those with clinically-diagnosed TB were included or excluded 

from the analysis, the NPV of QFT-GIT, TSPOT.TB and chest x-ray (CXR) in smear-

negative patients varied between 85-89%, 87-92% and 98%, respectively.  Overall 

accuracy was independent of HIV status and CD4 count. 

Conclusions: In a high-burden setting, IGRAs when used alone do not have value as 

rule-in or rule-out tests for active TB. In smear-negative patients, the CXR had better 

NPV even in HIV-infected patients.  

 

 



 

 

Introduction 

Tuberculosis (TB) remains a major global health concern [1, 2].  To effectively reduce 

TB cases, diagnosis is the crucial first step.  However, TB control still relies on tests such 

as culture, smear microscopy and chest x-ray (CXR) despite their known limitations.  

Culture, the reference standard for active TB, is time-consuming and often not available 

in resource-poor settings.  Smear microscopy, the most rapid and widely used TB test, is 

highly specific but has poor sensitivity [3].  Furthermore, CXR lacks specificity.  The 

shortcomings of imperfect TB diagnostic tests are even more severe in HIV-infected 

individuals, as smear-positivity can be as low as 20% [4] and the clinical and 

radiographical signs are often atypical [5-7].    

 

More recently, two quantitative T-cell interferon-gamma release assays (IGRAs), namely 

QuantiFERON-TB Gold In-Tube (QFT-GIT, Cellestis, Australia) and T-SPOT.TB 

(Oxford Immunotec, UK), have been developed as replacements for the tuberculin skin 

test (TST) for the diagnosis of latent TB infection (LTBI).  Since the IGRA cannot 

distinguish between LTBI and active TB, their use for the diagnosis of active disease has 

been extensively debated [8-10].  Based on available data from low and intermediate 

burden settings [11-16], many national guidelines have argued against the use of IGRAs 

for diagnosing active TB [17-19].  This is supported by a recent meta-analysis which 

showed the limited utility of IGRAs for ruling in or ruling out active TB [20].  

Nevertheless, many private providers in high-burden countries (e.g. South Africa and 

India) are using IGRAs for this purpose [21], and many investigators continue to 

recommend their use for active TB [22-25].  Thus, there is growing concern about the 



 

 

inappropriate use of IGRAs for the diagnosis of active TB in high-burden settings, 

particularly to rule in disease and initiate therapy.   

 

There are currently few data from high-burden settings on which to base clinical 

recommendations.  Preliminary evidence shows that given the high levels of interferon-

gamma (IFN-γ) seen in these settings, altering the cutpoint may have discriminatory 

value [24].  Furthermore, data from low-burden settings suggest that IGRAs may have 

rule-out value for active TB when combined with other clinical investigations [12, 16, 

26].  Thus, even if IGRAs cannot be used to confirm active TB, there is a need to 

evaluate whether they can be used to exclude active TB in high-burden settings.   

 

We hypothesized that 1) the magnitude of the IFN-γ response and alternative cutpoints 

could be useful in discriminating between TB and other diagnoses and 2) IGRAs may 

have utility in ruling out active TB when combined with smear microscopy or CXR.  

Thus, can IGRAs aid in rapidly excluding a diagnosis of active TB, particularly in smear-

negative patients, with or without information about the CXR?  To address these 

unresolved questions in both HIV-infected and uninfected patients, we evaluated both 

commercial IGRAs in 500 consecutive patients with suspected TB who were recruited at 

two primary care clinics in Cape Town, South Africa. 

 

Methods 

At the University of Cape Town, a primary study (TB-NEAT) was conducted to evaluate 

several TB diagnostic tests and their contributions for the diagnosis of active TB in an 



 

 

HIV-endemic setting. The study recruited 500 outpatients with suspected pulmonary TB 

who were consecutively recruited at 2 primary care clinics over a 3-year period.  To 

qualify as a TB suspect patient, an individual had to present with at least one of the 

following symptoms: cough >2 weeks, coughing up phlegm, hemoptysis, fatigue, night 

sweats, fever >2 weeks, weight loss, loss of appetite, or bedridden.  Only patients 18 

years or older were enrolled into the study.  After giving written informed consent, all 

patients underwent extensive diagnostic testing, which included 2 sputum cultures, 2 

sputum smears, CXR, both IGRAs, HIV testing, and CD4 counts for those who were 

HIV-infected.  All patients were interviewed, and a questionnaire was completed to 

capture epidemiological data.  The study was approved by the University of Cape Town�s 

Health Sciences Faculty Research Ethics Committee (REC REF 421/2006). 

 

Since culture is considered the reference standard for active TB in adults, a confirmed TB 

case was defined by at least 1 of the cultures growing Mycobacterium tuberculosis on the 

MGIT 960 (BD Diagnostic Systems, USA) liquid culture system and obtained from a 

patient whose clinical presentation was consistent with TB.  A patient needed 2 negative 

cultures to be classified as having a final culture-negative result.  All accuracy measures 

were calculated using culture as the reference standard (i.e. patients were classified as 

culture positive or negative).  A smear-negative patient was classified as having 2 

negative sputum smears.  In addition, analyses were conducted where the culture-

negative patients were stratified by whether or not they were clinically suspected of 

having TB (and hence treated empirically for TB).  Chest radiographs were evaluated and 

scored by 2 trained and independent observers using a computerized Chest Radiograph 



 

 

Reading and Recording System (CRRS) to determine the extent of disease and presence 

of cavitation and/or fibrosis [27].  All discrepancies were cross-checked through a 

consensus read.  Results were classified as consistent or inconsistent with active TB.  

Films that were taken more than 3 months after the study entry date were discarded.  

 

Laboratory technicians were blinded to culture results and performed the IGRAs 

according to the manufacturer�s guidelines.  IGRA results were interpreted according to 

the recommended cutpoints: 0.35 IU/ml for the QFT-GIT and 5 spot-forming units (SFU) 

for either of the 2 antigens early secretory antigenic target 6 (ESAT6) or culture filtrate 

protein 10 (CFP10) for the TSPOT.TB.  For the QFT-GIT, results were indeterminate if 

the positive control minus the negative control was <0.05 IU/ml or the negative control 

was >8.0 IU/ml.  For the TSPOT.TB, results were indeterminate if the negative control 

had >10 SFU or the positive control had <20 SFU.  To avoid overestimating the 

sensitivity of IGRAs, indeterminate results were included as false-negatives if they 

occurred in culture-positive patients.  Indeterminate results were excluded for specificity 

calculations.     

 

Receiver operating characteristic (ROC) curve analysis was used to determine alternative 

cutpoints for the IGRA.   For this analysis, all negative and zero IFN-γ responses to the 

QFT-GIT were re-scaled to 0.01 IU/ml, while 10 IU/ml was the maximum response since 

the test cannot resolve results beyond this value.  For the TSPOT.TB, the highest number 

of SFUs for either the ESAT6 or CFP10 antigen was used.  The median IFN-γ responses 



 

 

for TB and non-TB patients were compared using a non-parametric test for equality of 

medians with the Pearson�s X2 statistic. 

 

Results 

Demographic and clinical characteristics 

Of the 500 patients recruited, a final culture result could only be determined for 395 

(79%) patients.  Of the 105 patients who were excluded, 68 (65%) had one or more 

unknown culture result while 37 (35%) had at least 1 contaminated culture.  There were 

significantly more males (p=0.04) and fewer CXRs consistent with active TB among the 

excluded patients (p=0.01; data not shown).  Among the 395 patients included in the 

analysis, 259 (66%) were male.  A total of 276 (70%) patients were Black African, while 

the rest were classified as White or Mixed race.  The mean age of the cohort was 40 years 

(SD=12).  Of 349 patients with HIV status available, 108 (27%) were infected and 241 

(61%) were uninfected.  The status was missing for 46 (12%) patients who refused 

testing.  Table 1 provides the demographic and clinical characteristics for the cohort of 

395 patients, stratified by HIV status if known. 

 

For the reference standard results, 138 (35%) and 257 (65%) of patients were classified 

as culture positive and negative, respectively.  A total of 92 (23%) of the patients were 

smear positive, while 294 (74%) were smear negative.  Compared to culture, the 

sensitivity for smear was 69% (95% CI: 61, 77) and its specificity was expectedly high at 

100% (95% CI: 98, 100).  Results for the CXR were unknown or had to be discarded for 



 

 

84 (21%) of the patients.  While the specificity of CXR was only 28% (95% CI: 22, 34), 

its sensitivity was very high at 99% (95% CI: 95, 100). 

 

IGRAs as rule-out tests for active TB 

The QFT-GIT gave indeterminate results in 47 (12%) of the tests, 16 with TB and 31 

without TB.  The TSPOT.TB gave indeterminate results in 7 (2%) of the tests, 1 with TB 

and 6 without TB.  The specificities for the IGRAs were low at 42% (95% CI: 36, 49) for 

QFT-GIT and 46% (95% CI: 39, 52) for TSPOT.TB as were the positive predictive 

values (PPV) at 44% (95% CI: 38, 51) and 47% (95% CI: 40, 53) for QFT-GIT and 

TSPOT.TB, respectively.  The sensitivities, 76% (95% CI: 68, 83) for QFT-GIT and 84% 

(95% CI: 77, 90) for TSPOT.TB, were higher but still missed culture-confirmed TB cases 

(results stratified by HIV status are shown later).  The negative predictive values (NPV) 

were 74% (95% CI: 66, 82) and 84% (95% CI: 76, 90) for QFT-GIT and TSPOT.TB, 

respectively.  When culture-negative patients empirically treated for TB were excluded, 

the NPV was 66% (95% CI: 56, 76) for QFT-GIT and 76% (95% CI: 66, 85) for 

TSPOT.TB.  As shown in Figure 1, reducing the manufacturer�s suggested cutpoint for 

the QFT-GIT from 0.35 IU/ml to 0.16 IU/ml or below would increase the sensitivity to 

90% or greater.  For the TSPOT.TB, reducing this cutpoint slightly from 5 SFU to 4 SFU 

or below would increase the sensitivity to 90% or greater.   

 

On a continuous scale, the median IFN-γ response for the QFT-GIT in non-TB patients 

was 0.59 IU/ml compared to 2.14 IU/ml for confirmed TB patients (Pearson�s X2=16.53, 

p<0.001).  The median number of SFU for the TSPOT.TB was 8 in non-TB patients and 



 

 

28 in TB patients (Pearson�s X2=30.92, p<0.001).  While the magnitudes of the IFN-γ 

response are significantly different between the 2 groups for both IGRAs, there is 

substantial overlap between TB and non-TB patients (Figure 2). 

 

Among smear-negative patients, both IGRAs performed similarly.  The NPV for QFT-

GIT was 89% (95% CI: 82, 95), while this figure was 92% (95% CI: 85, 96) for 

TSPOT.TB.  When culture-negative patients empirically treated for TB were excluded, 

the NPV was 85% (95% CI: 75, 92) and 87% (95% CI: 78, 94) for QFT-GIT and 

TSPOT.TB, respectively.  From Table 2, the CXR had higher NPV compared to the 

IGRAs.  As mentioned previously, CXR results alone gave near-perfect sensitivity in 

unselected patients.  In smear-negative patients, its sensitivity and NPV were 97% (95% 

CI: 86, 100) and 98% (95% CI: 91, 100), respectively.   

 

Results stratified by HIV status 

The rate of indeterminate results was higher for HIV-infected patients for the QFT-GIT 

(25% versus 6%), while the rate for TSPOT.TB was 2% regardless of HIV status.  When 

stratified by HIV status, the sensitivity of QFT-GIT was lower in HIV-infected compared 

to HIV-uninfected patients: 67% (95% CI: 51, 80) versus 82% (95% CI: 71, 89).  The 

results for TSPOT.TB were more similar across the groups.  In HIV-infected patients, the 

sensitivity was 82% (95% CI: 67, 93), while it was 85% (95% CI: 76, 92) in HIV-

uninfected patients.  In smear-negative patients, the NPV was 88% (95%CI: 71, 97) and 

91% (95% CI: 77, 97) for QFT-GIT and TSPOT.TB, respectively, among HIV-infected 

patients.  The IGRAs corresponded well for smear-negative, HIV-uninfected patients, 



 

 

with both assays giving a NPV of 91% (95% CI: 81, 97).  However, the CXR performed 

better than the IGRAs.  While the sensitivity and NPV were near-perfect in uninfected 

individuals, they were actually 100% in those infected with HIV (Table 3). 

 

Overall, the magnitude of IFN-γ responses for both non-TB and TB patients was lower in 

HIV-infected compared to HIV-uninfected patients.  For the QFT-GIT, the IFN-γ 

response was 0.08 versus 1.57 IU/ml (X2=7.5 p=0.006) in HIV-infected patients and 0.81 

versus 2.28 IU/ml (X2=11.47, p<0.001) in HIV-uninfected patients.  For the TSPOT.TB, 

the number of SFU was 4 versus 20 in HIV-infected patients (X2=19.41, p<0.001) and 12 

versus 29 (X2=14.93, p<0.001) in HIV-uninfected patients.  Despite these results, Figure 

3 shows visually that this approach has limited discriminatory ability due to the 

substantial overlap between TB and non-TB patients.   

 

Among the 108 HIV-infected patients, CD4 cell counts were available for 101 (94%) of 

them.  The median CD4 count was 182 cells/μl (range 10-935).  A total of 53 (52%) 

patients had CD4 counts <200 cells/μl, and 48 (48%) patients had CD4 counts >200 

cells/μl.  When stratified by CD4 cell counts, the sensitivity of the IGRAs was actually 

higher in patients with <200 cells/μl compared to those with >200 cells/μl: 76% (95% CI: 

53, 92) versus 61% (95% CI: 36, 83) for QFT-GIT and 90% (95% CI: 67, 99) versus 78% 

(95% CI: 52, 94) for TSPOT.TB.  In smear-negative patients, the NPV of QFT-GIT was 

89% (95% CI: 65, 99) and 83% (95% CI: 52, 98) for CD4 counts <200 cells/μl and >200 

cells/μl, respectively.  TSPOT.TB results were similar across the groups: 91% (95% CI: 

71, 99) and 90% (95% CI: 67, 99).  Again, the CXR performed better than the IGRAs.  



 

 

Both the sensitivity and NPV reached 100% regardless of the degree of 

immunosuppression in HIV-infected individuals (Table 4). 

 

Discussion 

IGRAs, like the TST, were designed for diagnosis of LTBI and not active TB.  Limited 

evidence has shown that IGRAs have modest predictive value for progression to active 

disease, perhaps of the same magnitude as the TST, which means that we still do not have 

adequate biomarkers for predicting disease progression [28].  There is growing concern 

about the use of IGRAs in high-burden settings to rule-in and rule-out active disease.  To 

our knowledge, this is the first prospective study in a high-burden setting that recruited 

consecutive adult patients with suspected TB and performed a head-to-head comparison 

of both IGRA assays for the diagnosis of active TB. There are four major findings of our 

study: (i) IGRAs have no rule-in value for active TB in a high burden setting and using 

different cutpoints does not improve the rule-in ability; (ii) these conclusions hold true 

even in HIV-infected patients; (iii) IGRAs on their own have no rule-out value for active 

TB (i.e. a negative test cannot exclude active disease); and (iv) although the NPV of the 

TSPOT.TB was higher than the QFT-GIT assay, it was not high enough to confidently 

rule out TB in smear-negative patients (i.e. negative smears followed by negative 

TSPOT.TB) though a similar result could be achieved with a CXR. 

 

Since IGRAs are unable to distinguish between LTBI and active TB, they will always 

have poor specificity in areas with high prevalence of LTBI.  We calculated the 

specificity in TB suspect patients who turned out to have alternative diagnoses, which 



 

 

better represents the accuracy in routine clinical practice.  Our results show that the 

background LTBI prevalence for TB suspect patients in our setting ranges from 54 to 

58%.  Furthermore, given the inadequate sensitivity of the IGRAs, they cannot be used 

alone to rule out active TB.  This is particularly important for HIV-infected patients.  In 

our analysis, the sensitivity in HIV-infected patients was lower for the QFT-GIT and 

there were substantially more indeterminate reactions.  One study showed a similar result 

[29], while another study found that the QFT-GIT sensitivity was higher in HIV-positive 

patients (81% versus 73%) [30].  In the current study, the sensitivity for TSPOT.TB was 

>80% and less affected by HIV status.  A study conducted among TB suspect patients 

with advanced HIV disease reported a suboptimal sensitivity of 73% for the TSPOT.TB 

[31].  A recent meta-analysis has shown that IGRA sensitivity tends to be lower in HIV-

infected individuals [32].  In addition, a recent article found that the QFT-GIT but not the 

TSPOT.TB was affected by the degree of immunosuppression [33].  The reason for the 

assay-specific performance variability in HIV-infected patients remains unclear but may 

be related to the inherently better sensitivity of the ELISPOT technique, serum IL-10 

levels, or the immunomodulatory effect of TB 7.7 [34].  The higher sensitivity of both 

IGRAs for patients with CD4 counts <200 cells/μl compared to those without 

immunosupression is harder to explain but could be due to the small numbers and 

overlapping 95% confidence intervals.  Furthermore, HIV-infected patients have 

attenuated host immunity and are more prone to infection with less virulent strains. There 

is evidence that strain differences in Africa impact on IGRA T cell responses [35].  Thus, 

we cannot exclude the possibility that strain differences may partly explain this finding. 

 



 

 

Previous IGRA studies in high-burden settings have been conducted among confirmed 

TB patients.  One study from India [36] and another from South Africa [30] reported a 

sensitivity of 91% and 76%, respectively, for the QFT-GIT, compared to our figure of  

76% in TB suspect patients.  Both studies reported that the QFT-GIT plus TST 

combination achieved a sensitivity of at least 96% and could be useful for excluding 

active TB. However, the TST is not used routinely for the diagnosis of active TB in high- 

burden settings, is labor intensive and would compromise an already overwhelmed health 

care system. Thus, the routine diagnostic work-up for active TB in adults consists of 

smear, culture and CXR.   

 

We used the CRRS, a validated tool for reporting radiological abnormalities on chest 

films with good inter-observer agreement.  The CXR offers more clinically useful 

information on extent of disease and is more easily available compared to the IGRAs in 

most settings.  The role of CXR for diagnosing active TB in HIV-endemic settings has 

been inconsistent [37], largely due to the variability in reporting methods.  The 

development of the CRRS was intended to address this limitation, and the high sensitivity 

and NPV of the CRRS found in our study will require confirmation in other similar 

settings.  One study has shown that the sensitivity and NPV of the CRRS are inadequate 

to be used as a screening tool for patients with advanced HIV disease who are starting 

antiretroviral treatment [38].  More studies are needed to evaluate the potential usefulness 

of the CRRS as a rule-out test in patients with and without profound immunosuppression. 

 



 

 

Compared to conventional diagnostic tests, the IGRAs are expensive and require more 

laboratory infrastructure.  While the QFT-GIT yielded more indeterminate results, the 

TSPOT.TB had more unknown test results due to logistical laboratory issues.  This 

finding could help explain in part the difference in diagnostic accuracy between the two 

assays.  Other studies have also shown that the TSPOT.TB is prone to technical errors in 

the processing stage due to its operational complexity [39-41].  While IGRAs have no 

real value for ruling in TB, we evaluated their role as rule-out tests in smear-negative TB.  

Although the TSPOT.TB assay had a higher NPV than the QFT-GIT in this context, it 

was still not high enough to confidently rule out TB (i.e. approximately 1 in 10 non-TB 

cases would be erroneously missed for TB).  Nevertheless, the same result could be 

achieved with a CXR, which is more readily accessible to national TB programmes and 

hospitals in high-burden settings. Thus, inappropriate use of the commercial IGRAs is not 

only a waste of resources for national TB programmes and the patients themselves but 

may also contribute to fostering drug resistance due to either undertreatment or 

overtreatment.  Indeed, a World Health Organization (WHO) Expert Group has reviewed 

the evidence on IGRAs for low and middle income countries and has recommended 

against their use for diagnosing active TB [42].  Our data are supportive of this WHO 

recommendation against the use of IGRAs for active TB diagnosis in high TB and HIV 

burden settings. 

 

In South Africa and other low or middle-income countries, neither the CXR nor the 

IGRA is the usual standard of care, though the CXR is more easily available.  Our study 

shows that active TB can be reliably excluded in a patient with a chest film that is not 



 

 

consistent with active disease.  Thus, this diagnostic strategy can provide patients with 

rapid exclusion of active TB on an �inform and advise� basis without further 

investigations, thereby reducing the patient load in high-volume clinics. 

 

Conclusions 

Our study confirms that commercial IGRAs, like the TST, cannot be used to rule in 

active TB in areas with high prevalence of LTBI.  They should also not be used to rule 

out disease when performed alone due to their suboptimal sensitivity.  When combined 

with a negative smear, the TSPOT.TB assay may be able to rule out active TB reliably, 

although a similar result could be achieved with a CXR.  These findings have great 

relevance for clinical practice in high-burden, low-resource settings and are consistent 

with recent WHO recommendations on IGRAs in low and middle income countries. 

Funding 

This study was supported by a TBsusgent grant from the European Commission (EU-

FP7), the EDCTP (TESA and TB-NEAT), and the Canadian Institutes of Health Research 

(CIHR MOP-89918). DL is supported by fellowships from the MUHC Research Institute 

and McGill University Faculty of Medicine. MP is supported by a CIHR New 

Investigator Award from the Canadian Institutes of Health Research. RVZS is supported 

by a Fogarty International Clinical Research Scholars/Fellows Support Centre NIH grant 

R24TW007988. 

 

 



 

 

Acknowledgments 

The authors are grateful to Rammoelo Ditsoane and Daliwonga Siganga for their 

contributions to the TB-NEAT study. 

 

References  

1. Corbett EL, Watt CJ, Walker N, Maher D, Williams BG, Raviglione MC, Dye C. The growing burden of 
tuberculosis: global trends and interactions with the HIV epidemic. Arch Intern Med 2003: 163(9): 1009-1021. 
2. WHO. Global Tuberculosis Control: Surveillance, Planning, Financing. Geneva: World Health Organization; 
2008. 
3. Perkins MD, Cunningham J. Facing the crisis: improving the diagnosis of tuberculosis in the HIV era. J 
Infect Dis 2007: 196 Suppl 1: S15-27. 
4. Getahun H, Harrington M, O'Brien R, Nunn P. Diagnosis of smear-negative pulmonary tuberculosis in 
people with HIV infection or AIDS in resource-constrained settings: informing urgent policy changes. Lancet 2007: 
369(9578): 2042-2049. 
5. Burman WJ, Jones BE. Clinical and radiographic features of HIV-related tuberculosis. Semin Respir Infect 
2003: 18(4): 263-271. 
6. Schutz C, Meintjes G, Almajid F, Wilkinson RJ, Pozniak A. Clinical management of tuberculosis and HIV-1 
co-infection. Eur Respir J 2010: 36(6): 1460-1481. 
7. Sester M, Giehl C, McNerney R, Kampmann B, Walzl G, Cuchi P, Wingfield C, Lange C, Migliori GB, 
Kritski AL, Meyerhans A. Challenges and perspectives for improved management of HIV/Mycobacterium tuberculosis 
co-infection. Eur Respir J 2010: 36(6): 1242-1247. 
8. Lange C, Pai M, Drobniewski F, Migliori GB. Interferon-gamma release assays for the diagnosis of active 
tuberculosis: sensible or silly? Eur Respir J 2009: 33(6): 1250-1253. 
9. Pai M, Menzies D. Interferon-gamma release assays: what is their role in the diagnosis of active tuberculosis? 
Clin Infect Dis 2007: 44(1): 74-77. 
10. Lange C, Yew WW, Migliori GB, Raviglione M. The European Respiratory Journal targets tuberculosis. Eur 
Respir J 2010: 36(4): 714-715. 
11. Dewan PK, Grinsdale J, Kawamura LM. Low sensitivity of a whole-blood interferon-gamma release assay 
for detection of active tuberculosis. Clin Infect Dis 2007: 44(1): 69-73. 
12. Dosanjh DP, Hinks TS, Innes JA, Deeks JJ, Pasvol G, Hackforth S, Varia H, Millington KA, Gunatheesan R, 
Guyot-Revol V, Lalvani A. Improved diagnostic evaluation of suspected tuberculosis. Ann Intern Med 2008: 148(5): 
325-336. 
13. Kang YA, Lee HW, Hwang SS, Um SW, Han SK, Shim YS, Yim JJ. Usefulness of whole-blood interferon-
gamma assay and interferon-gamma enzyme-linked immunospot assay in the diagnosis of active pulmonary 
tuberculosis. Chest 2007: 132(3): 959-965. 
14. Kobashi Y, Mouri K, Yagi S, Obase Y, Fukuda M, Miyashita N, Oka M. Usefulness of the QuantiFERON 
TB-2G test for the differential diagnosis of pulmonary tuberculosis. Intern Med 2008: 47(4): 237-243. 
15. Nishimura T, Hasegawa N, Mori M, Takebayashi T, Harada N, Higuchi K, Tasaka S, Ishizaka A. Accuracy 
of an interferon-gamma release assay to detect active pulmonary and extra-pulmonary tuberculosis. Int J Tuberc Lung 
Dis 2008: 12(3): 269-274. 
16. Ravn P, Munk ME, Andersen AB, Lundgren B, Lundgren JD, Nielsen LN, Kok-Jensen A, Andersen P, 
Weldingh K. Prospective evaluation of a whole-blood test using Mycobacterium tuberculosis-specific antigens ESAT-6 
and CFP-10 for diagnosis of active tuberculosis. Clin Diagn Lab Immunol 2005: 12(4): 491-496. 
17. Updated recommendations on interferon gamma release assays for latent tuberculosis infection. An Advisory 
Committee Statement (ACS). Can Commun Dis Rep 2008: 34(ACS-6): 1-13. 
18. Mazurek M, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K. Updated guidelines for using Interferon 
Gamma Release Assays to detect Mycobacterium tuberculosis infection - United States, 2010. MMWR Recomm Rep 
2010: 59(RR-5): 1-25. 
19. NHS. Health Protection Agency Position Statement on the use of Interferon Gamma Release Assay (IGRA) 
tests for tuberculosis (TB): HPA Tuberculosis Programme Board; 2008. 



 

 

20. Sester M, Sotgiu G, Lange C, Giehl C, Girardi E, Migliori GB, Bossink A, Dheda K, Diel R, Dominguez J, 
Lipman M, Nemeth J, Ravn P, Winkler S, Huitric E, Sandgren A, Manissero D. Interferon-{gamma} release assays for 
the diagnosis of active tuberculosis: A systematic review and meta-analysis. Eur Respir J 2010. 
21. Pai M. Guidelines on IGRAs: Concordant or Discordanct? In: 2nd Global Symposium on IGRAs; 2009; 
Dubrovnik, Croatia; 2009. 
22. Diel R, Loddenkemper R, Nienhaus A. Evidence-based comparison of commercial interferon-gamma release 
assays for detecting active TB: a metaanalysis. Chest 2010: 137(4): 952-968. 
23. Jiang W, Shao L, Zhang Y, Zhang S, Meng C, Xu Y, Huang L, Wang Y, Weng X, Zhang W. High-sensitive 
and rapid detection of Mycobacterium tuberculosis infection by IFN-gamma release assay among HIV-infected 
individuals in BCG-vaccinated area. BMC Immunol 2009: 10: 31. 
24. Kanunfre KA, Leite OH, Lopes MI, Litvoc M, Ferreira AW. Enhancement of diagnostic efficiency by a 
gamma interferon release assay for pulmonary tuberculosis. Clin Vaccine Immunol 2008: 15(6): 1028-1030. 
25. Soysal A, Torun T, Efe S, Gencer H, Tahaoglu K, Bakir M. Evaluation of cut-off values of interferon-
gamma-based assays in the diagnosis of M. tuberculosis infection. Int J Tuberc Lung Dis 2008: 12(1): 50-56. 
26. Dheda K, van Zyl Smit R, Badri M, Pai M. T-cell interferon-gamma release assays for the rapid 
immunodiagnosis of tuberculosis: clinical utility in high-burden vs. low-burden settings. Curr Opin Pulm Med 2009: 
15(3): 188-200. 
27. Den Boon S, Bateman ED, Enarson DA, Borgdorff MW, Verver S, Lombard CJ, Irusen E, Beyers N, White 
NW. Development and evaluation of a new chest radiograph reading and recording system for epidemiological surveys 
of tuberculosis and lung disease. Int J Tuberc Lung Dis 2005: 9(10): 1088-1096. 
28. Pai M. Spectrum of latent tuberculosis - existing tests cannot resolve the underlying phenotypes. Nat Rev 
Microbiol 2010: 8(3): 242; author reply 242. 
29. Raby E, Moyo M, Devendra A, Banda J, De Haas P, Ayles H, Godfrey-Faussett P. The effects of HIV on the 
sensitivity of a whole blood IFN-gamma release assay in Zambian adults with active tuberculosis. PLoS One 2008: 
3(6): e2489. 
30. Tsiouris SJ, Coetzee D, Toro PL, Austin J, Stein Z, El-Sadr W. Sensitivity analysis and potential uses of a 
novel gamma interferon release assay for diagnosis of tuberculosis. J Clin Microbiol 2006: 44(8): 2844-2850. 
31. Cattamanchi A, Ssewenyana I, Davis JL, Huang L, Worodria W, den Boon S, Yoo S, Andama A, Hopewell 
PC, Cao H. Role of interferon-gamma release assays in the diagnosis of pulmonary tuberculosis in patients with 
advanced HIV infection. BMC Infect Dis 2010: 10: 75. 
32. Cattamanchi A, Smith R, Steingart KR, Metcalfe JZ, Date A, Coleman C, Marston BJ, Huang L, Hopewell 
PC, Pai M. Interferon-gamma release assays for the diagnosis of latent tuberculosis infection in HIV-infected 
individuals - A systematic review and meta-analysis. J Acquir Immune Defic Syndr 2010. 
33. Leidl L, Mayanja-Kizza H, Sotgiu G, Baseke J, Ernst M, Hirsch C, Goletti D, Toossi Z, Lange C. 
Relationship of immunodiagnostic assays for tuberculosis and numbers of circulating CD4+ T-cells in HIV infection. 
Eur Respir J 2010: 35(3): 619-626. 
34. Dheda K, Pooran A, Pai M, Miller RF, Lesley K, Booth HL, Scott GM, Akbar AN, Zumla A, Rook GA. 
Interpretation of Mycobacterium tuberculosis antigen-specific IFN-gamma release assays (T-SPOT.TB) and factors 
that may modulate test results. J Infect 2007: 55(2): 169-173. 
35. de Jong BC, Hill PC, Brookes RH, Gagneux S, Jeffries DJ, Otu JK, Donkor SA, Fox A, McAdam KP, Small 
PM, Adegbola RA. Mycobacterium africanum elicits an attenuated T cell response to early secreted antigenic target, 6 
kDa, in patients with tuberculosis and their household contacts. J Infect Dis 2006: 193(9): 1279-1286. 
36. Syed Ahamed Kabeer B, Raman B, Thomas A, Perumal V, Raja A. Role of QuantiFERON-TB gold, 
interferon gamma inducible protein-10 and tuberculin skin test in active tuberculosis diagnosis. PLoS One 2010: 5(2): 
e9051. 
37. Reid MJ, Shah NS. Approaches to tuberculosis screening and diagnosis in people with HIV in resource-
limited settings. Lancet Infect Dis 2009: 9(3): 173-184. 
38. Dawson R, Masuka P, Edwards DJ, Bateman ED, Bekker LG, Wood R, Lawn SD. Chest radiograph reading 
and recording system: evaluation for tuberculosis screening in patients with advanced HIV. Int J Tuberc Lung Dis 
2010: 14(1): 52-58. 
39. Connell TG, Ritz N, Paxton GA, Buttery JP, Curtis N, Ranganathan SC. A three-way comparison of 
tuberculin skin testing, QuantiFERON-TB gold and T-SPOT.TB in children. PLoS One 2008: 3(7): e2624. 
40. Kampmann B, Whittaker E, Williams A, Walters S, Gordon A, Martinez-Alier N, Williams B, Crook AM, 
Hutton AM, Anderson ST. Interferon-gamma release assays do not identify more children with active tuberculosis than 
the tuberculin skin test. Eur Respir J 2009: 33(6): 1374-1382. 
41. Lucas M, Nicol P, McKinnon E, Whidborne R, Lucas A, Thambiran A, Burgner D, Waring J, French M. A 
prospective large-scale study of methods for the detection of latent Mycobacterium tuberculosis infection in refugee 
children. Thorax 2010: 65(5): 442-448. 
42. STAG-TB. Report of the Tenth Meeting: Diagnostic policies. WHO Geneva; 2010 September 27-29. 
 
 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Demographic and clinical characteristics of 395 patients with final culture 
results available and stratified by HIV status, if known 
 

Characteristic Total Cohort 
(%) 

(n=395) 

Known HIV status 
(n=349) 

p value* 

  Infected 
(%) 

Uninfected 
(%) 

 



 

 

(n=108) (n=241) 

Age 
     Mean years (SD) 

 
40 (12) 

 
37 (11) 

 
42 (13) 

 
0.0005 

Sex 
     Male 
     Female 

 
259 (66) 
136 (34) 

 
53 (49) 
55 (51) 

 
175 (73) 
66 (27) 

 
 

<0.0001 
Race 
     Black African 
     White/Mixed 

 
276 (70) 
119 (30) 

 
87 (81) 
21 (19) 

 
156 (65) 
85 (35) 

 
 

0.003 
HIV status 
     Positive  
     Negative 
     Unknown/Refused 

 
108 (27) 
241 (61) 
46 (12) 

 
108 (100) 

-- 
-- 

 
-- 

241 (100)
-- 

 
-- 

Culture result 
     Positive 
     Negative 

 
138 (35) 
257 (65) 

 
43 (40) 
65 (60) 

 
82 (34) 
159 (66) 

 
 

0.297 
Smear result 
     Positive 
     Negative 
     Unknown 

 
91 (23) 
294 (74) 
10 (3) 

 
22 (20) 
81 (75) 
5 (5) 

 
61 (25) 
176 (73) 

4 (2) 

 
 
 

0.187 
Chest radiograph 
     Active TB 
     Not active TB 
     Unknown 

 
252 (64) 
59 (15) 
84 (21) 

 
63 (58) 
16 (15) 
29 (27) 

 
157 (65) 
40 (17) 
44 (18) 

 
 
 

0.189 
QFT-GIT result 
     Positive 
     Negative 
     Indeterminate 
     Unknown 

 
234 (59) 
112 (28) 
47 (12) 
2 (1) 

 
48 (44) 
32 (30) 
27 (25) 
1 (1) 

 
159 (66) 
65 (27) 
16 (6) 
1 (1) 

 
 
 
 

<0.0001 
TSPOT.TB result 
     Positive 
     Negative 
     Indeterminate 
     Unknown 

 
242 (61) 
129 (33) 

7 (2) 
17 (4) 

 
53 (49) 
44 (41) 
2 (2) 
9 (8) 

 
162 (67) 
66 (27) 
5 (2) 
8 (3) 

 
 
 
 

0.007 
* comparisons between HIV infected and uninfected groups 
 
Table 2. Measures of accuracy for CXR and IGRAs in unselected patients and 
among smear-negative patients.  Sensitivity and PPV calculations were based on a 
positive culture result.  Specificity and NPV calculations were based on a negative 
culture result but also calculated when patients with clinically treated TB were 
excluded from the culture-negative group. 
 
 



 

 

  Sensitivity 
(95% CI) 

Specificity
(95% CI) 

Specificity 
excluding 
patients 

empirically 
treated 
(n=100) 

PPV 
(95% CI)

NPV 
(95% CI) 

NPV 
excluding 
patients 

empirically 
treated 
(n=100) 

CXR (n=311) 99  
(95, 100) 

28  
(22, 34) 

43  
(35, 52) 

40  
(34, 46) 

98  
(91, 100) 

98  
(90, 100) 

CXR in smear 
negatives 
(n=243) 

97  
(86, 100) 

28  
(22, 34) 

43  
(34, 52) 

19  
(14, 25) 

98  
(91, 100) 

98  
(90, 100) 

QFT-GIT 
(n=362) 

76  
(68, 83) 

42  
(36, 49) 

44  
(36, 52) 

44  
(38, 51) 

74  
(66, 82) 

66  
(56, 76) 

QFT-GIT in 
smear-negatives 
(n=263) 

73  
(56, 85) 

42  
(35, 49) 

44  
(36, 52) 

18  
(13, 25) 

89  
(82, 95) 

85  
(75, 92) 

TSPOT.TB 
(n=372) 

84  
(77, 90) 

46  
(39, 52) 

47  
(38, 55) 

47  
(40, 53) 

84  
(76, 90) 

76  
(66, 85) 

TSPOT.TB in 
smear-negatives 
(n=274) 

74  
(57, 87) 

46  
(39, 52) 

47  
(39, 55) 

18  
(12, 25) 

92  
(85, 96) 

87  
(78, 94) 

PPV=positive predictive value; NPV=negative predictive value 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Measures of accuracy for CXR and IGRAs in unselected patients and 
among smear-negative patients, stratified by HIV status 
 
 
  Sensitivity 

(95% CI) 
Specificity
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 



 

 

HIV-infected 

     CXR (n=79) 100 (89, 100) 33 (20, 48) 49 (36, 62) 100 (79, 100) 
     CXR in smear-     
     negatives (n=63) 

100 (78, 100) 33 (20, 48) 32 (19, 47) 100 (79, 100) 

     QFT-GIT (n=90) 67 (51, 80) 58 (43, 72) 58 (43, 72) 67 (51, 80) 
     QFT-GIT in smear-   
     negatives (n=64)  

75 (48, 93) 58 (43, 72) 38 (21, 56) 88 (71, 97) 

     TSPOT.TB (n=98) 82 (67, 93) 64 (51, 76) 60 (46, 74) 84 (71, 94) 
     TSPOT.TB in   
     smear-negatives   
     (n=73) 

71 (42, 92) 64 (51, 76) 32 (17, 51) 91 (77, 97) 

HIV-uninfected 

     CXR (n=197) 98 (92, 100) 29 (22, 38) 40 (32, 48) 98 (87, 100) 

     CXR in smear-   
     negatives (n=150) 

94 (73, 100) 29 (21, 37) 15 (9, 23) 97 (87, 100) 

     QFT-GIT (n=229) 82 (71, 89) 37 (29, 46) 42 (34, 50) 79 (67, 88) 

     QFT-GIT in smear- 
     negatives (n=165) 

75 (51, 91) 37 (29, 45) 14 (8, 22) 91 (81, 97) 

     TSPOT.TB (n=228) 85 (76, 92) 37 (29, 45) 43 (36, 51) 82 (70, 90) 
     TSPOT.TB in  
     smear-negatives  
     (n=164) 

75 (51, 91) 37 (29, 45) 14 (8, 22) 91 (81, 97) 

PPV=positive predictive value; NPV=negative predictive value 
 
 
   

 

 

 
 
 
 
Table 4. Measures of accuracy for CXR and IGRAs in unselected patients and 
among smear-negative patients, stratified by CD4 cell count 
 
 
  Sensitivity 

(95% CI) 
Specificity
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 



 

 

CD4 count <200 cells/μl 

     CXR (n=41) 100 (81, 100) 42 (22, 63) 55 (36, 73) 100 (69, 100) 
     CXR in smear-     
     negatives (n=34) 

100 (69, 100) 42 (22, 63) 42 (22, 63) 100 (69, 100) 

     QFT-GIT (n=40) 76 (53, 92) 84 (60, 97) 84 (60, 97) 76 (53, 92) 
     QFT-GIT in smear-   
     negatives (n=30)  

82 (48, 98) 84 (60, 97) 75 (43, 95) 89 (65, 99) 

     TSPOT.TB (n=48) 90 (67, 99) 69 (49, 85) 65 (44, 83) 91 (71, 99) 
     TSPOT.TB in   
     smear-negatives   
     (n=39) 

80 (44, 98) 69 (49, 85) 47 (23, 72) 91 (71, 99) 

CD4 count >200 cells/μl 

     CXR (n=35) 100 (75, 100) 18 (5, 40) 42 (25, 61) 100 (40, 100) 

     CXR in smear-   
     negatives (n=27) 

100 (48, 100) 18 (5, 40) 22 (8, 44) 100 (40, 100) 

     QFT-GIT (n=43) 61 (36, 83) 40 (21, 61) 42 (23, 63) 59 (33, 82) 

     QFT-GIT in smear- 
     negatives (n=30) 

60 (15, 95) 40 (21, 61) 17 (4, 41) 83 (52, 98) 

     TSPOT.TB (n=44) 78 (52, 94) 65 (44, 83) 61 (39, 80) 81 (58, 95) 
     TSPOT.TB in  
     smear-negatives  
     (n=30) 

50 (7, 93) 65 (44, 83) 18 (2, 52) 90 (67, 99) 

PPV=positive predictive value; NPV=negative predictive value 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURES 
 
 
Figure 1. ROC analysis for valid QFT-GIT (left, n=346) and TSPOT.TB (right, 
n=371) results. 
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Figure 2. Dot plots of IFN-γ response for valid QFT-GIT (left) and TSPOT.TB 
(right) results among TB and non-TB patients.  Horizontal bars indicate the 
medians (0.59 vs 2.14 IU/ml, p<0.001 for QFT-GIT and 8 vs 28 SFU, p<0.001 for 
TSPOT.TB). 
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Figure 3. Dot plots of IFN-γ response for valid QFT-GIT (top) and TSPOT.TB 
(bottom) results, stratified by HIV status.  The non-TB group included all culture-
negative patients (those empirically treated for TB but without culture evidence and 
culture-negative patients with alternative diagnoses and not treated for TB).  
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HIV positive: 0.08 vs 1.57 IU/ml, p=0.006  HIV negative: 0.81 vs 2.28 IU/ml, p=0.001 
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HIV positive: 4 vs 20 SFU, p<0.001)  HIV negative: 12 vs 29 SFU, p<0.001 

 


