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Overview

• Variability	and	accuracy	of	IGRAs
• Sources	of	IGRA	variability
• QFT-Plus	



‘A	21st	Century	Solution	for	Latent	TB	Detection’

IGRAs	entered	the	scene	with	a	lot	of	promise

More	sensitive	and	specific	than	TST
More	reproducible/objective

More	predictive



Spectrum of Infection with M. tuberculosis

Active	TB

Latent	Infection



IGRAs Have Poor Sensitivity for LTBI

Active	TB

Latent	Infection



Active	TB

Latent	Infection

IGRAs Have Poor PPV for Progression



CDC	guidelines	in	2005	recommended	use	of	IGRAs	for	HCW	
screening	with:

– no	published	data	on	serial	testing
– no	independent,	peer-reviewed	literature	on	IGRA	reproducibility

Simplistic	neg	to	pos	change	was	defined	as	conversion	(since	there	were	no	data)



IGRA Reproducibility in Low-Risk HCWs

Pai and Elwood Can Respir J. 2012

Coversions 2% to 15%
Reversions 20% to 40%

Largest report of  9153 HCWs (Slater el al 
AJRCCM 2014):

TST = 0.4% Historical rate
QFT = 4.4% conversion rates

Canadian study in HCWs (Zwerling et al. PLoS ONE 
2013):

TST = 0%
QFT = 5.3% conversion rates

Largest study of >2000 HCWs (CDC Task Order 18 
study Dorman el al AJRCCM 2014):

TST = 0.9 %
QFT = 6.1%
T-SPOT = 8.3% conversion rates



Sources of IGRA Variability

- Pre-analytical

- Analytical

- Manufacturing

- Immunological
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- Pre-analytical  
- Analytical
- Manufacturing
- Immunological

“ranging from 
0.8-1.2 mL”

Pai et al. Clin Micro Rev 2014
Banaei et al. J Clin Micro 2016



“gentle”
vs. 

rigorous 
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QFT “£16 hrs”
T-SPOT “£8 hrs”

- Pre-analytical  
- Analytical
- Manufacturing
- Immunological

Pai et al. Clin Micro Rev 2014
Banaei et al. J Clin Micro 2016



- Pre-analytical  
- Analytical
- Manufacturing
- Immunological

Pai et al. Clin Micro Rev 2014
Banaei et al. J Clin Micro 2016



- Pre-analytical  
- Analytical
- Manufacturing
- Immunological

Pai et al. Clin Micro Rev 2014

ELISA
ELI-SPOT



Analytical	Imprecision	of	QFT-GIT	Assay:	
Between-Run	Variability	(n=20	ELISA	runs)

CV 14% CV 11%
Conversion 10% (2/20) Reversion 20% (4/20)

Borderline Negative Sample Borderline Positive Sample

Banaei et al JCM 2016
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IGRA Boosting by PPD
- PPD contains RD1 antigens
- In TST+ subjects
- Observed >3 days post TST

Amnestic Response to PPD
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SHC Blood Culture Monthly 
Contamination Rate

Clarke et al Nat Med 2010
Ichinohe et al PNAS 2011

Role of MAMPs in Modulating IGRA



- Pre-analytical  
- Analytical
- Manufacturing
- Immunological
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2. Can IGRA interpretation address the net effect of 
random sources of variability/error?





TB Ag Tube 1 (TB1): ESAT-6 and CFP-10 peptides for CD4 T Cells
TB Ag Tube 2 (TB2): ESAT-6 and CFP-10 peptides for CD4 and CD8 
T Cells

QuantiFERON®-TB Gold Plus
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• Interpretation of QFT-Plus using 
manufacturer’s interpretation

Interpretation of QFT-Plus Results



• Evidence for role of CD8+ T cells in TB immunity 

• IFN-g positive Mtb-specific CD8+ T cells
– More frequently detected in active TB vs. latent infection
– Mycobacterial burden-dependent
– Associated with recent exposure to TB
– Detectable in active TB subjects with HIV co-infection 

and young children
– Decline after anti-tuberculosis treatment 

Why Target CD8 T Cells in QFT-Plus?



Barcellini et al ERJ 2016

Study Design
QFT-Plus vs. QFT-GIT
Prospective contact screening. Retested 10-12 wks if negative
Location: Milan, Italy
Contacts: 119 adults with newly positive TST (≥5mm)

Immunocompromised included (9%) 



• QFT-Plus pos: 57.1% (68/119) vs. QFT-GIT pos: 47.1% (56/119)
• 12 discordant: 11 TST ≥10 mm; 2 converted after retest
• If exposure >12 h/days, odds for positive 6x ↑ for QFT and 14x ↑ for QFT-Plus
• TB2-TB1 >0.6 IU/mL associated with exposure (sleeping in same room OR 

4.34) 



http://www.quantiferon.com/irm/content/PI/QFT/PLUS/2PK-Elisa/UK.pdf

QFT-Plus TB2 is More Sensitive than TB1 for Active TB

TB
1-

TB
2 

va
lu

es
 (n

il 
su

bt
ra

ct
ed

)

n=409 n=194 n=174



Study Design
Single arm (partial comparison vs. QFT-GIT)
Prospective
Location: 4 sites in Italy 
Cases: 119 consecutive adult patients

NAAT or culture positive TB
<15days of anti-TB therapy
HIV+/- (63% HIV+)

Controls: 109 healthy students

Barcellini et al ERJ 2016



QFT-Plus Sensitivity: 88% (102/116)
TB1+/TB2+: 95 
TB1+/TB2-: 1 
TB11/TB2+: 6

Higher TB2 vs. TB1
2.88 IU/·mL vs 2.09 p=0.0002

Barcellini et al ERJ 2016
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Head-To-Head Comparison
QFT-Plus vs. QFT-GIT  73 TB cases

QFT+/QFT-Plus+: 68
QFT+/QFT-Plus-: 1 (QFT-Plus IDT)
QFT-/QFT-Plus+: 4

TB1+/TB1: 1
TB1-/TB2+: 3

Sensitivity:
QFT 95% (69/73) vs. QFT-Plus 100% (72/72) P = 0.12 

Barcellini et al ERJ 2016



Study Design
Head-to-head QFT-Plus vs. QFT-GIT
Prospective
Location: Pulmonary hospital in Germany
Patients:

D
D
D

Healthy, low risk

} 98% immunocompetent







Average concentrations of IFN-g were higher in 
the QFTG-IT than in the QFT-plus test tubes

QFTG-IT 4.67 ± 3.25 U/mL
TB1 3.1 ± 3.2 U/mL; p 0.007
TB2 3.7 ± 3.4 mL; p >0.09



Study Design
Single arm
Prospective
Location: Zambia
Patients: Smear+ or Xpert+

HIV+/-
<3 days of anti-TB therapy





HIV-

HIV+







Ø No evidence for increased sensitivity of QFT-Plus over 
QFT-GIT in active TB cases and recently exposed 
contacts

Ø No evidence for higher TB2 vs. TB1 response in active 
TB and recently exposed in HIV-

Summary of QFT-Plus Studies



IGRA Non-Reproducibility in Low-Risk HCWs
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• Interpretation of QFT-Plus using 
manufacturer’s interpretation

Interpretation of QFT-Plus Results



TB1 +                      +
TB2 +                      +

+
- +

-
-
-

• Interpretation of QFT-Plus using a 
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Interpretation of QFT-Plus in Low-Risk HCWs

Moon et al In revision



Study Design
- Single center at Stanford Health Care
- Prospective Aug 2015 to Nov 2015
- QFT vs QFT-Plus performed in 989 HCWs during annual 

or new employee screening
- Risk assessment
- Compared agreement of QFT with QFT-Plus using 

manufacturer’s and a conservative interpretation

Performance of QFT-Plus in Low-Risk HCWs

Moon et al In revision



Qualitative Agreement Between QFT and QFT-Plus

Moon et al In revision



Discordant QFT and QFT-Plus Results Fell 
Within Borderline Range of 0.2-0.7 IU/mL 

Moon et al In revision



Quantitative Correlation Between 
QFT and QFT-Plus TB1 and TB2 

Moon et al In revision



Positivity Rate in 626 HCWs with no Risk Factors

Moon et al In revision



Positivity Rate in 626 HCWs with no Risk Factors

Moon et al Submitted

Among 310 HCWs with a documented history of negative QFT and no risk factors 
QFT 2.6% (CI, 0.8-4.4) -
QFT-Plus 2.6% (CI, 0.8-4.4) P = 0.03
QFT-Plus-C 0.6% (CI, 0-1.5) P = 0.03



Study 
No.

Age       
(yr)

Sex 
(M/F)

Initial 
screen

Short-term 
retest

TB1 TB2 Annual 
screen

Short-term 
retest

TB1 TB2 Interval  
(mo)

TB 
exposure

Active 
TB

6937 53 M 0.4 0.44 0.27 0.77 1.01 ND 0.91 1.12 13 No No
823 30 M 0.47 0.16 0.34 0.36 0.16 ND ND ND 12 No No
907 28 F 1.47 0.02 0.5 0.05 0.03 ND ND ND 13 No No

1716 38 F 0.06 ND 0.45 0.25 0.16 ND 0.21 0.25 12 No No
3958 28 F 0.07 ND 1.85 0.14 0 ND 0.03 0.01 13 No No
6258 28 F 0.02 ND 5.11 0.02 0 ND ND ND 10 No No
3720 26 F 0 ND 0 1.26 0 ND 0.13 0.15 13 No No
4749 58 F 0 ND 0 0.67 0 ND 0.00 0.34 12 No No
885 34 F 0.06 ND 0.23 0.62 0.03 ND 0.01 0.17 9 No No

6156 23 F 0 ND 0.04 0.60 ND ND ND ND NA NA NA
2262 51 M 0.01 ND 0.06 0.48 0.01 ND 0.01 0.03 11 No No
1588 55 M 0.28 ND 0.23 0.36 0.6 0.15 ND ND 12 No No
4698 43 F 0 ND 0.01 0.35 ND ND ND ND NA NA NA

Enrollment Result Follow-up Result
QFT QFT-Plus QFT QFT-Plus Since last screen

Follow-up for 13 HCWs With discordant QFT-Plus



Ø A conservative interpretation of QFT-Plus results 
yielded a positivity rate of 0.6% in low-risk HCWs.

Ø A conservative interpretation of QFT-Plus results may 
be a useful strategy for minimizing false positive results 
in low-risk populations if confirmed by other studies.

Summary of Stanford HCW QFT-Plus Study



Acknowledgements

Stanford University
Victor Herrera
Rajiv Gaur
David Doberne
Mady Slater
Julie Parsonnet

McGill University
Madhukar Pai

Financial Support
Stanford Pathology
Stanford SPARK/ Global Health


