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Stanford University Medical Center 
Clinical Laboratories 

CAP inspected, CLIA certified 



• Institutional Policy 
 

- Screen new HCW and LTBI negative HCW  
 annually* 
 
- >10,000 screenings per year 



Diagnosis of LTBI Until Dec 2006 

- Tuberculin Skin Test 
 
 
 
 
 
 



- Tuberculin Skin Test 
 
 
 
 
 
 

• Disadvantages 
- Subjective 
- In vivo 

- Adverse effects 
- Boosting 

   - Affected by BCG vaccination 
   - Requires two visits  

Diagnosis of LTBI Until Dec 2006 



- Interferon-γ Release Assays 
 

• Quantiferon assay (Cellestis Inc.) 
- FDA approved 2001, 2005, 2007 

 
• T-SPOT.TB (Oxford Immunotec Inc.) 

- FDA approved 2008 

Diagnosis of Latent Tuberculosis 



Quantiferon Gold Intube Assay 



http://pathport.vbi.vt.edu/pathinfo/pathogens/Tuberculosis_2.html 

Pathogenesis of Tuberculosis 
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Quantiferon Gold Intube Assay 
Sample Collection 

- Draw 1 ml of blood 
- Shake until … 



Quantiferon Gold Intube Assay 
Sample Processing 

- Transport to incubator 
  (≤16h) 
- Incubate 37°C 16-24 h 
- Store rm temp  x3 days 
- Perform ELISA for IFNγ 



Quantiferon Gold Intube Assay 
DSX: Automated ELISA Instrument 



Interpretation Criteria for QFT Gold-Intube 



Local Validation of FDA Approved Tests  

• How many samples does CAP requires labs to  
 test in their validation? 
 
• CAP requires that labs report performance 
 for “molecular tests” 



Performance of IGRA for Detection of Latent TB 
Given Lack of Gold Standard 

• Estimated sensitivity 
  - In active TB patients 
  - In “high-risk” individuals 
  - Concordance with TST 
 
• Estimated specificity 
  - In “low-risk” individuals 
 
• Reproducibility 
        - Repeat testing 



IGRAs for Screening of HCWs 



TST 

T-SPOT.TB 

QFT-IT 

Diel et al Chest 2010  

Sensitivity of TST & IGRAs in patients with active TB 



Sensitivity of QFT-IT in patients with active TB 

Developed Countries 

Developing Countries 

Diel et al Chest 2010  



Sensitivity in patients with latent TB using 
progression to active TB as gold standard 

Herrera et al CID 2011 



Pai and Elwood Can Respir J. 2012 

Coversions 2% to 15% 
Reversions 20 to 40% 

Reproducibility of QFT-IT in HCW 



QFT-GIT Assay Standardization 

- Pre-analytical 
- Blood collection* 
- 37 ºC incubation 
- Plasma separation 

 
- Analytical 

- ELISA 
- Interpretation  

Standardized   Not Standardized 
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Quantiferon Gold Intube Assay 
Sample Processing 

- Transport to incubator 
    (≤16h)  



Effect of delay in blood processing, 
following collection, on assay performance 

 
Hanekom et al 2004J. Immunol. Methods 291:185–195  



Effect of incubation delay on QFT-IT results 

Herrera et al JCM 2010 



Incubation delay increases indeterminate results 

Herrera et al JCM 2010 



Herrera et al JCM 2010 

Mitogen Results Following Incubation Delay 



Doberne et al JCM 2011 

Mitogen Results Following Incubation Delay 



Range: 0 - 41% 

Diel et al Chest 2010  

Indeterminate Results in Studies Using QFT-IT  

Implementation of the immediate incubation at Stanford 
yielded an indeterminate result rate of 0.36% in 14,830 HCW 
tested during the first 12 months 



Effect of Incubation Delay on the  
Accuracy of QFT-IT Results 

Doberne et al JCM 2011 

128 study participants 

3 QFT-GIT sets collected 

0 h 

6 h 

12 h 

Incubation Delay  

Low risk & - TST&orQFT  
High risk & + TST&orQFT 



TB Ag results following immediate  
and delayed incubation 

Doberne et al JCM 2011 



Doberne et al JCM 2011 

TB-Ag Results for Subjects with Discordant Results 

Reversion rate: 
19% (5/26) with 6 h delay 
22% (5/23) with 12 h delay 



Doberne et al JCM 2011 

Risk factors for latent TB infection in  
volunteers with discrepant results 



Conversions 

Reversions 

Reproducibility of QFT-IT in Stanford HCW 

0.35 

0.35 
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IGRAs Screening of HCWs: 
Need for Surveillance Program 
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The QFT-GIT Surveillance Graph: 
Daily Positive Rate Mar-Oct 2010 
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The QFT-GIT Surveillance Graph 
Showing Daily Positive Rate at Stanford 

TBAg lot  
discontinued 



The QFT-GIT Surveillance Graph 
Showing Daily Positive Rate at Stanford 

Slater et al JCM 2012 



QFT-GIT Responses Pre, During, and Post 

   Pre Suspect Post P Value* 

(Pre, Post) 

No. of tests 435 370 705   

Nil Mean, IU/mL 0.1 0.12 0.16 0.99, 0.23 

TB Ag† Mean 0.33 0.87 0.26 <0.001, <0.001 

Mitogen Mean 9.2 8.69 7.9 <0.001, <0.001 

TB Ag-Nil Mean 0.23 0.77 0.1 <0.001, <0.001 

% Positive Results 11% 31% 6.8% <0.001, <0.001 

Slater et al JCM 2012 



Within Subject Comparison of QFT-GIT Results 

Slater et al JCM 2012 

31% vs 5% 

n=463 



Investigation Outcomes 

• FDA informed via CDC. 
 
• Cellestis conducted an internal investigation and “could  
 not reproduce” our findings. 
 
• We could not culture viable organisms. 
 
  
 
   



Investigation Findings 

• Manufacturing defects of a faulty TB Antigen tube lot 
 could contribute to QFT-GIT variability. 
 
• Need for implementation of surveillance programs by end  
 users in the clinical laboratories. 



QFT-GIT Assay Standardization 

- Pre-analytical 
- Blood collection* 
- 37 ºC incubation 
- Plasma separation 

 
- Analytical 

- ELISA 
- Interpretation  

- Pre-analytical 
- Skin preparation 
- Incubation delay 
- Incubation duration 
- Time of day 
- Day of month 
- Season 
- Diet 
- Infection 
- Antibiotics  

Standardized   Not Standardized 



SHC Blood Culture Monthly 
Contamination Rate 
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PAMPs 



Pathogen Recognition Receptors 

Mogensen Clin Mic Rev 2009 



Recognition of Different PAMPs by PRRs 



TLR Agonists Activate Adaptive Immune Responses 

Cell recruitment 
DC maturation: ↑Costimulatory  
           molecules, ↑MHC 

Antigen presentation  
Corss-presentation 

Mogensen Clin Mic Rev 2009 

Naïve T-cell  
activation 
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TLR Agonists Activate Adaptive Immune Responses 

Cell recruitment 
DC maturation: ↑Costimulatory  
           molecules, ↑MHC 

Antigen presentation  
Corss-presentation 

Naïve T-cell  
activation 

Mogensen Clin Mic Rev 2009 

Enhance IGRA 
response 

? 



Iwasaki & Medzhitov Nat Immun 2004 



PAMPs Increase  
TB Response in  
QFT-IT Assay 
in LTBI Subjects 

        Healthy Controls        Subjects with LTBI 

N=8 



PAMPs Increase TB Response in QFT-IT Assay 

N=10 
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Poly(I:C) & LPS Induce Inflammatory Cytokines 
& IFN-α in Whole Blood in QFT Nil Tube 

N=8 



TLR Agonists Activate Adaptive Immune Responses 

Cell recruitment 
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LPS Induce Maturation of Monocytes in Whole 
Blood in QFT Nil Tube 



PAMPS Triger Earlier and Greater IFN-γ Release 



TLR Agonists Activate Adaptive Immune Responses 
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PAMPs Enhance Responses in High Risk Subjects 
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Pai and Elwood Can Respir J. 2012 

Coversions 2% to 15% 
Reversions 20 to 40% 

Reproducibility of QFT-IT in HCW 



QFT-GIT Assay Standardization 

- Pre-analytical 
- Blood collection* 
- 37 ºC incubation 
- Plasma separation 
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