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‘How on earth do you keep up- there’s an IGRA 
paper published every minute……….?’ 
A PhD student 

SRs and meta-analyses 
 
WHO commissioned several SR and MA’s on IGRA  
(Pai and Menzies; McGill)………11th STAG meeting 
(2010)….WHO policy (2011) 
Europe- ECDC tender and TB-NET  
(Lange and Sester, TB-NET) 



Overview 
 

 What is an IGRA measuring, what is the  
 reproducibility, and what have we learnt from serial testing? 
 The life cycle of MTB 
 What is the TST measuring? 
 How do we evaluate IGRA’s? 
 What are PPV and NPV of IGRA’s for active TB? 
 In low burden countries (specificity, cost effectiveness,  testing 

strategies, risk stratification, IMID)  
 In high burden countries (active TB, extrapulmonary TB, 

children, and research focus) 
 Summary 
 
 

 
 



ESAT-6 

Dheda K, Respirology, 2010 



IGRAs highly dynamic tests with high reversion rates 

 Longitudinal data: suggest many IGRA test results are transient 
 

 N= 14 TST-ve IGRA+ve students (• ) 
Ewer et al, AJRCCM, 2006 

 

 Of 134 contacts, 54 (40.2%) underwent 3-mo ELISPOT reversion 
[less likely in those with a positive recruitment TST (OR 0.3, 95% CI 0.1–0.8, 
p= 0.014)]. 
Hill P, PLoS Med, 2007 
 
Perry S, Clin Vaccine Imm, 2008 
Pai M, AJRCCM, 2006;   Franken WP, Clin Vacc Imm, 2007, Pai M, AJRCCM, 2006 
 
 



 
 
 
 
 
 

 High week-to-week variability 

TSPOT-TB 



1.Close contacts   
inhale M.tb 

Innate immunity  
No detectable T cell priming (IGRA neg., TST neg.) 

Macrophages 

Neutrophils 
NK-cells 

β-defensin Cathelicidin 

Adaptive immunity  
Evidence of T cell priming (IGRA pos., TST pos.)$ 

NK-T cells 

γδ T-cells 

3. The remainder of exposed persons have 
conversion of TST or  IGRA  and a 
proportion have presumed infection** 

~ 5 % In ~ 95 %  
containment 

4.  LTBI**  7. Reinfection  

 6. Reversion of TST or IGRA 
(Acute or chronic resolving 
infection) 

2. ~50% or more of exposed       
persons have no immuno 
diagnostic evidence of M.tb 
sensitisation and may 
remain uninfected through 
sterilizing immunity# 

Th1,Th2 & Th17 
CD4+ T cells 

Cytokines 

Treg 
MHC-I 

MHC-II 

  CD4 Naive 

T cell 

T cell 

CD1  
lipid Macrophage 

M.tb 

TLR2 
TLR4 
TLR9 

CD8+ T cells 

CD4+ T cells 

Clearance of  
Infection 

  CD8 Naive 

T cell 

~ 2 to 5 % 

Alveolar  
pneumocytes 

5. Clinically detectable 
active or subclinical 
disease 

Schwander and Dheda, AJRCCM, 2011 



IGRA  

 Both IGRA formats are discordant 
 Need phlebotomist (15% of children cannot be bled) 
 Indeterminate rates are significant  
 Farrara G, Lancet, 2006 
 Of 503 adults at 2 clinics almost 20% of results inconclusive 

(7% refused phlebotomy, 8% could not be bled, 1% missed 
lab cutoff, 2% indeterminate  

 Dewan et al, BMC Infect Dis, 2006 

 Lab set-up, samples often batched 
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TST: 
PPD 

Cell recruitment  
& activation 

LTBI diagnosis: Mantoux or Tuberculin Skin Test (TST) 

Memory T cell 

Vukmanovic-Stejic M, Imm Letters, 2006 



Drawbacks of the TST 

 Requires return visit for which attendance is poor  
 May result in ‘overtreatment’ due to BCG effect 
 Results dependent upon observer and technique  
 the TST may boost subsequent TST reactions 
 Prone to breakage of cold chain and syringe re-use in 

resource poor setting 
 
BUT plentiful longitudinal and predictive value data 

 
 



 
 Strong evidence for TST 
 IPT is highly efficacious in TST+ subjects and reduces 

post-exp TB prevalence by 50 to 70% 
 13 studies in 7 countries with > 100 000 participants; 6 

trials in household contacts 
 largest USPHS- 28000 patients- 1st year 77% reduction in 

TB in the INH arm (highest reduction in 1st 5 years and in those 
with TST> 10mm [147 TB cases in the placebo and 57 in the INH 
arm] 

       Ferebee SH, Controlled Chemoprophylaxis Trials in TB, A General 
Review. Adv Tuberc Res, 17, 1970, 28-106  



 
 
 Prognostic value of the TST shown strongly in recent 

Botswana IPT trial in HIV-infected subjects (n= 1655) 
 TST-ve subjects showed no benefit of IPT vs 92% 

reduction in TST+ve subjects (8 other studies) 
 Thus, TST giving a clinically relevant signal 
  
 
Samandari T, IUATLD Cancun, 2009 
Akolo C, The Cochrane Library, Issue 1, 2010 



Specificity and the effect of BCG on the TST: 

 Analysis of 24 studies with N = 240,243 subjects 
 BCG given in infancy- false-positive TST occurs in < 1% of 

vaccinated subjects > 10 years after BCG vaccination 
 
 When BCG is given after infancy, false-positive TST results 

due to BCG occur in 21% of vaccinated subjects 
 

 < 2% effect of NTMs on TST (> 1 million subjects) 
13 



In India and Africa, BCG has limited effect on TST 
In Japan, BCG has a major effect on TST 

 

UK (stopped 2005), Japan, Russia, Japan, Italy (BCG given 6 to 
12 years of age) 
Limited relevance to most foreign born persons in the USA or UK 
 



How we grade the strength of evidence 
supporting the utility of IGRAs: 

NO DATA  

IGRA = TST  

Along an exposure gradient TST = IGRA 
(IGRA better in low burden and TST better 
in high burden) 

IGRA = TST  

Poor to modest  
 
Clinical medicine- not diagnostic result but impact important 
Substantial for TST 

Dheda K,  
Curr Op Pulm Med, 2009  

Menzies, Ann Int Med, 2007  

Rangaka M,  
Lancet Infect Dis, 2011 



Predictive value of IGRAs 

Rangaka M, Lancet Infect Dis, 2011 





 IGRA and TST were similar wrt the risk of TB (pooled IRR in the 5 
studies that used both  

2·11 [1·29–3·46] for IGRA 

1·60 [0·94–2·72] for TST at the 10 mm cutoff 

 TST and IGRAs have weak but similar predictive value and may 
not help ID those at highest risk of progression to disease 

 PPV for TB in IGRA positive individuals is low (< 5%) similar to 
the TST 





PPV of IGRAs= 10% in UK (2/20 TB cases/ IGRA+ve) 
14% in Germany (6/41) ,  
2 to 3% (6/181) in Holland  



Negative predictive value (NPV) 
for progression to TB 

T-Spot.TB QFT-G-IT 



Low burden countries 

 LTBI and eliminating the reservoir of disease is a key 
priority 
 
 Better specificity of IGRAs in those BCG vaccinated 
after birth, and need for only a single visit, are obvious 
advantages 





What do most of the guidelines say?  

 >16 countries that have at least one guideline:  
 USA, Canada, UK, Japan, France, Spain, Italy, Germany, 

Switzerland, Australia, Netherlands, Denmark, Czech Republic, 
Slovak Republic, Korea and Norway. 

 

 Of the countries that have guidelines, 3 main 
approaches are discernable: 
 TST should be replaced by IGRA (i.e. only IGRA) 
 Either TST or IGRA may be used 
 Two-step approach (dual strategy) of TST first, followed by 

IGRA 

 
 Some guidelines recommend more than one approach, depending on the 

risk group tested 
24 
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Major trends 

 Two-step approach (dual strategy) seems to be the 
most favored, especially BCG-vaccinated contacts 

 

27 



QFT-GIT boosting 

 AJRCCM 2009 



Dual strategy is the most cost-effective in 
several settings   

 UK- close contacts and comparing TST vs QFT vs T.SPOT 
vs TST/QFT vs TST/T.SPOT, considering cases of post-
primary TB and ADR’s to INH 

  

29 



 Similar conclusions from other studies in UK, Canada, 
Switzerland and Germany 

 Oxlade  et al, Int J Tuberc Lung Dis, 2007 (Canada- immigrants) 
 Diel et al, Chest, 2007 (Germany- contacts) 
 Diel et al, Eur Respir J, 2006 (Germany- contacts) 
 Wrighton-Smith P et al, Eur Respir J, 2006 (Switzerland- contacts) 
 NHS NICE guidelines, March 2006 (UK, contacts) 
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PPV 

TST 
size 

Risk of 
disease 

Tuberculin skin test: needs careful 
interpretation (www.tstin3d.com 

(Likelihood of true pos test) is: 87.18% 
The annual risk of development of 
active TB = 0.09%.The cumulative risk 
of active tuberculosis disease, up to age 
of 80 =4.18%, risk of drug-induced 
hepatitis is 0.3% 



High Burden settings- active TB is the priority 
 
 
Dheda K, Curr Op Pulm Med, 2009 



 
500 TB suspects in Cape Town- culture= ref standard 

QFT-GIT    TSPOT-TB 

 

 

 

 
 

Ling D and Dheda K, Eur Resp J, 2011  

 

- Miss 1/3 TB 
- Erroneously 
diagnose active 
TB in 60% who 
do not have TB 



IGRA in EPTB (using cells from the 
site of disease) 

 
 
 IGRAs not useful in pleural TB (poor specificity) 
 Good accuracy in BAL but 1/3 of tests inconclusive 
 Works very well in TBM when used in conjunction with 

CLAT and Gram stain 
 
Dheda K, ERJ, 2009 
Dheda K, Thorax, 2009 
Patel and Dheda, AJRCCM, 2010 
 



EPTB 
unstimulated IFN-g is the  
most accurate assay 

 

 Pleural TB: SENS = 97 SPEC= 100%   
Dheda K, Eur Resp J, 2009 

Peritoneal TB: SENS = 97 SPEC= 100% 

Sharma SK, J Interf & Cytokine Research, 2006          

 Pericardial TB: high SENS and SPEC 

Reuter H, QJM, 2006 
 

 TBM: SENS = 95 SPEC= 99% 

Patel V, Dheda K, J Clin Micro, 2011 
 



 
 IP10 and other Th1 biomarkers studied in LTBI  
Ruhwald M, BMC Res Lett, 2009 
Goletti D, PLoS One, 2010 (HIV) 
 Preliminary data - DosR-regulon-encoded antigens (latency 

antigens) may have value as a biomarker for LTBI 
Goletti D, ERJ, 2010 
Schuck SD, PLoS One, 2010 
 

 
        

Children 



 
 LTBI diagnosis in HIV-infected persons 

Samandari T, Lancet, 2010 
Akolo C, The Cochrane Library, Issue 1, 2010 

 
 
 

 
        

Research agenda in high burden settings 

200 HIV-infected persons; CD4 380 (range 25-1227)  
TST as ‘Gold Standard’ 

• IGRA’s only identify ≈2/3 of TST positive subjects 
• IGRA’s identified 30% of subjects who were TST-ve 

 
 



 
 LTBI diagnosis in HIV-infected persons 
 Predictive tool in HIV-infected persons 
 Serial testing of HCWs 
 
 

 
        

Research agenda in high burden settings 



Summary     Low burden settings: 
 
• LTBI priority 
• IGRA’s useful in BCG vaccinated subjects (after birth), cost 

effective and only a single visit is required. 
 Thus, IGRA’s have relative advantage over the TST.   
• Testing strategy is variable and controversial - most popular is 

the dual strategy, i.e. TST followed by IGRA 
• Nevertheless, TST alone still acceptable as a test for LTBI 
• IMID, most sensible approach is to do both tests for maximal 

sensitivity but false negative results interpreted clinical context 
 
• Which test – IGRA or TST or what combination will depend on 

the available resources, logistics and national guidelines 
• Clinical risk stratification is crucial and more emphasis needs to 

be put on compliance and completion of chemoprophylaxis. 
 



     High burden settings: 
 
• Currently no clear role for IGRA’s in high burden settings.   
• Not useful for active TB (blood)  
• For extrasangunous fluids IGRA’s have limited utility, except 

perhaps for TB meningitis 
• Nevertheless, unstimulated interferon gamma performs equally 

well or better than IGRA’s for extrapulmonary TB.   
 
  
 IGRA and TST are both imperfect tests with a low 

predictive value for active TB and better predictive tools 
are required (latency antigens, HBHA, other antigens). 



M Pai and C Lange  
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