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We know a lot about IGRAs, but these are 3 
areas where new evidence is rapidly 

accumulating 

• Predictive (prognostic) value of IGRAs 
 

• Serial testing: use of IGRAs for estimating incidence 
of new TB infection (i.e. conversions) 
 

• Reproducibility (variability) of IGRAs 
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Systematic review and meta-analysis of predictive value 
15 cohort studies 

published in 2012 
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We updated the review with 5 new studies since 
2012 

(15 + 5 new) 



NOTE: Weights are from random effects analysis

.

.

IGRA positive
Hill (2008)
Bakir (2008)
Kik (2009), WBA
Kik (2009), ELISPOT
del Corral (2009)
Lienhardt (2010)
Leung (2010)
Jonnalagadda (2010), mothers
Jonnalagadda (2010), infants
Joshi (2011)
Mahomed (2011)
Kim-SH (2011)
Lange (2012)
Kim-Y (2012)

IGRA negative
Hill (2008)
Bakir (2008)
Kik (2009), WBA
Kik (2009), ELISPOT
del Corral (2009)
Lienhardt (2010)
Leung (2010)
Jonnalagadda (2010), mothers
Jonnalagadda (2010), infants
Joshi (2011)
Mahomed (2011)
Kim-Y (2012)

ID
Study

9.24 (3.80, 14.60)
20.50 (10.00, 36.00)
17.00 (5.50, 39.00)
19.00 (7.30, 43.40)
7.70 (5.00, 11.30)
14.40 (8.40, 23.00)
32.00 (17.80, 52.30)
42.00 (15.00, 91.00)
48.00 (16.00, 112.00)
3.69 (1.66, 8.00)
6.40 (4.50, 8.00)
25.70 (8.17, 62.10)
12.00 (0.00, 33.00)
84.50 (34.00, 176.80)

5.00 (1.90, 8.10)
6.00 (1.60, 15.40)
12.10 (2.50, 35.00)
10.40 (1.30, 37.50)
4.00 (1.70, 8.50)
6.90 (2.50, 14.90)
7.10 (0.90, 25.50)
16.00 (3.00, 47.00)
24.00 (5.00, 69.00)
3.38 (1.69, 6.76)
2.00 (1.20, 3.80)
32.00 (11.80, 71.50)

Rate (95% CI)
Incidence

9.24 (3.80, 14.60)
20.50 (10.00, 36.00)
17.00 (5.50, 39.00)
19.00 (7.30, 43.40)
7.70 (5.00, 11.30)
14.40 (8.40, 23.00)
32.00 (17.80, 52.30)
42.00 (15.00, 91.00)
48.00 (16.00, 112.00)
3.69 (1.66, 8.00)
6.40 (4.50, 8.00)
25.70 (8.17, 62.10)
12.00 (0.00, 33.00)
84.50 (34.00, 176.80)

5.00 (1.90, 8.10)
6.00 (1.60, 15.40)
12.10 (2.50, 35.00)
10.40 (1.30, 37.50)
4.00 (1.70, 8.50)
6.90 (2.50, 14.90)
7.10 (0.90, 25.50)
16.00 (3.00, 47.00)
24.00 (5.00, 69.00)
3.38 (1.69, 6.76)
2.00 (1.20, 3.80)
32.00 (11.80, 71.50)

Rate (95% CI)
Incidence

  
0-25 0 25 50 75 100 125

IGRA-positive: 
Incidence ranges 
from 0.4 to 8% 
 

IGRA-negative: 
Incidence ranges 
from 0.2 to 3% 
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HIV-infected 
moms and 
infants 

Silicotic men  

HIV-infected 
outpatients, untreated 

New 

New 

12/20 publications  
reported  
TB incidence rates 

TB incidence rates (per 1000) 

Sandra Kik, MX Rangaka, Pai M. Unpublished data, confidential  



NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 47.6%, p = 0.007)

Kim-Y (2012)

Costa (2011)

Jonnalaggada (2010)

Hill (2008)

Lange (2012)

Harstad (2010)

Subtotal  (I-squared = 55.2%, p = 0.022)

Study

Subtotal  (I-squared = 0.0%, p = 0.721)

Lienhardt (2010)

Kim-SH (2011)

Leung (2010)

Bergot (2012)

Bakir (2008)

Aichelburg (2009)

Joshi (2011)

Kik (2009)

Diel (2011)

Yoshiyama (2010)

Mahomed (2011)

del Corral (2009)

ID

Kik (2009)

Possible

Jonnalaggada (2010)

Doherty (2002)
None

Haldar (2012)

3.71 (2.53, 5.43)

3.32 (1.09, 10.08)

18.38 (0.99, 341.04)

2.69 (0.69, 10.52)

1.84 (0.79, 4.31)

27.77 (1.15, 670.11)

18.76 (2.36, 149.22)

9.02 (4.32, 18.84)

2.29 (1.65, 3.17)

2.13 (0.85, 5.34)

17.70 (0.96, 325.14)

3.82 (0.89, 16.40)

3.55 (0.22, 56.48)

3.80 (1.22, 11.86)

136.13 (7.16, 2588.46)

1.09 (0.38, 3.10)

1.40 (0.34, 5.74)

148.36 (9.00, 2446.45)

6.74 (3.63, 12.52)

2.89 (1.55, 5.41)

1.89 (0.83, 4.34)

Risk Ratio (95% CI)

1.96 (0.40, 9.53)

2.23 (0.54, 9.12)

10.00 (1.42, 70.22)

6.52 (2.54, 16.76)

3.71 (2.53, 5.43)

3.32 (1.09, 10.08)

18.38 (0.99, 341.04)

2.69 (0.69, 10.52)

1.84 (0.79, 4.31)

27.77 (1.15, 670.11)

18.76 (2.36, 149.22)

9.02 (4.32, 18.84)

2.29 (1.65, 3.17)

2.13 (0.85, 5.34)

17.70 (0.96, 325.14)

3.82 (0.89, 16.40)

3.55 (0.22, 56.48)

3.80 (1.22, 11.86)

136.13 (7.16, 2588.46)

1.09 (0.38, 3.10)

1.40 (0.34, 5.74)

148.36 (9.00, 2446.45)

6.74 (3.63, 12.52)

2.89 (1.55, 5.41)

1.89 (0.83, 4.34)

Risk Ratio (95% CI)

1.96 (0.40, 9.53)

2.23 (0.54, 9.12)

10.00 (1.42, 70.22)

6.52 (2.54, 16.76)

  
1.1 1 100

Association between IGRA and incident TB:  
RR, stratified by potential incorporation/work-up bias 
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No bias: 
Overall RR 
2.29 (1.65-3.17) 

Possible bias: 
Overall RR  
9.02 (4.32-18.84) 

New studies 

New studies 

20/20 publications  
reported RR 

Sandra Kik, MX Rangaka, Pai M. Unpublished data, confidential  



IGRA vs TST comparison:  
which has greater predictive value? 

(studies that did a head-to-head) 
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None of the new studies qualified to be included in this analysis;  
thus results of Ranganka et al still hold. 



Conclusions of this updated review 

• Incidence rates of TB, even in IGRA positive individuals, are low, suggesting 
that a vast majority (>95%) of IGRA+ individuals do not progress to TB 
disease during follow-up. This is similar to the TST. 
 

• In some settings (mostly low TB incidence), the % IGRA+ will be less than % 
TST+, reducing the number needed for preventive therapy. 
 

• Based on the evidence thus far, IGRAs appear to have similar predictive value 
as the TST (perhaps slightly higher, but statistically not significant). 
 

• All existing LTBI tests (TST and IGRAs) have only modest predictive value and 
may not help identify those who are at highest risk of progression to disease.  
 

7 
Sandra Kik, MX Rangaka, Pai M. Unpublished data, confidential  



Reduction in number needed for IPT 
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N +ve 

N +ve 

TST 

IGRA 

N with TB disease 

N with TB disease 



1. Only test those who are at high risk 

2. Incorporate biomarkers with other known risk factors (age, 
recent conversion, HIV etc.) into a composite scoring system 
to generate multivariable risk prediction models 

3. Identify new biomarkers that are more predictive 

4. Use a higher cut-off for prediction (as compared to 
diagnosis)  

5. Use serial testing to resolve underlying phenotypes (e.g. 
stable conversions) 

 

How can we squeeze predictive value out of 
IGRAs? 
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http://www.tstin3d.com 
 
 
Composite risk prediction 
models that incorporate 
biomarker and risk factors 

Use composite risk prediction models: test + risk factors 

Age 
 
Recent infection 
 
HIV 

http://www.tstin3d.com/


Use a higher cut-off for disease prediction 

Andersen P, Doherty TM, Pai M, Weldingh K; Trends Mol Med 2007 

Conversion (recent 
infection) 

11 



A single IGRA or TST = limited predictive value 
 

Can we use serial testing to resolve the phenotypes and estimate 
incidence of new TB infections? 

12 Pai. Nat Rev Microbiol 2010 



What is the prognosis of these phenotypes? 
Conversions (RR=8) are more predictive than a single test result 

(RR=2.5) 

QFT conversion indicated an approximately eight-fold higher risk of progression 
to TB disease within 2 years when compared with non-converters. 

AJRCCM 2012 13 
But, even among QFT converters, the incidence rate was only 1.5 per 100 py! 



To interpret serial IGRA testing results, 
we need clearly understand the test 

reproducibility and define cut-offs for 
conversions and reversions 
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Simplistic neg to pos change was defined as conversion (since there were 
no data at that time) 
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AJRCCM 2006 

First serial testing study was published in 2006 

“our results suggest that health care facilities that switch to IGRAs for serial testing 
might observe higher conversion rates than those with TST, especially if the less 
stringent definition is used for conversion… Therefore, research is needed to 
understand the biological basis of IGRA conversions and reversions, to optimize 
test reproducibility and thresholds, and to determine risk factors for conversions 
and reversions.” 
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Several new studies from low-incidence countries:  
all show high rates of conversions and reversions 

>2000 HCWs in 4 US hospitals (CDC TO18 study): 
 TST  = 0.9% 
 QFT  = 6.1% 
 T-SPOT = 8.3% conversion rates 

Canadian study in HCWs (Zwerling et al. PLoS ONE 2013): 
 TST  = 0% 
 QFT  = 5.3% conversion rates 
 

Pai & Elwood. Can Resp J 2012 
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Stanford study of >9000 HCWs (Slater et al. AJRCCM 2013): 
 TST  = 0.4% (historical) 
 QFT  = 4.4% conversion rates 

Arkansas study of >2000 HCWs (Joshi M. CHEST 2012): 
 TST  = 0.1% (historical) 
 QFT  = 3.2% conversion rates 



Early adopters of IGRAs for HCW screening in North 
America are reporting challenges… 

(and different hospitals are coming up with their own 
interpretational criteria, cut-offs and re-testing strategies!) 

18 



Serial testing challenges have put the spotlight on 
reproducibility 

19 



20 
Pai M… Banaei N et al. Clin Micro Rev 2014 (in press) 



21 Pai M… Banaei N et al. Clin Micro Rev 2014 (in press) 



Work in progress: modeling the total variation 

Hypothesis: different components that contribute to the random and systematic variability of the test will be able to explain at least 
50% of the observed conversions and reversions in the different studies, and pre-analytical sources will be the most important source 
of variability. 
 
Denkinger CM, Dowdy D, Banaei N, Metcalfe JZ, Cattamanchi A, Pai M [CIHR grant funded work]  



Conclusions 
• IGRAs are an incremental advance; not transformational* 
• We are still looking for a highly predictive LTBI test that can help target 

preventive therapy 
• We need new biomarkers and composite risk prediction models that can 

help resolve the various phases of LTBI spectrum 
• If used in serial testing, high rates of IGRA conversions will occur and not 

be compatible with local TB epidemiology 
• Hospitals and labs must do everything they can to standardize testing 

protocols, to minimize variation 
• Simple negative to positive cut-off for conversions is not acceptable 
• We need a borderline zone or some other strategy (e.g. re-testing) to handle 

conversions and reversions 
• To derive better cut-offs, we need to estimate all the sources of variation, and 

compute the overall expected random variation 
 

23 *LoBue P & Castro K. JAMA 2012 



Thank you! 
Stanford 
• Niaz Banaei 
• Rajiv Gaur 
• Mady Slater 
 
McGill University 
•Sandra Kik 
•Claudia Denkinger 
•Alice Zwerling  
•Dick Menzies 
 
LSHTM / UCT 
• Lele Rangaka 
 

UCSF 
•John Metcalfe 
•Adithya Cattamanchi 
 
 

Hopkins 
•David Dowdy 
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