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Protective immunity and T cell efficacy 

Hypothesis: 

T cell efficacy in vitro and in vivo is associated with T cell 

polyfunctionality. 
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Hypothesis: 

T cell efficacy in vitro and in vivo is associated with T cell 

polyfunctionality. 

 

Questions: 

- Does simultaneous expression of effector molecules 

(polyfunctionality) predict T cell efficacy? 

 

- Which T cell derived effector molecules (e.g. cytokines and 

chemokines) predict T cell efficacy? 
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BUT FIRST AN INTRODUCTION TO  

T CELL POLYFUNCTIONALITY…… 

How to : Measure, analyse and model 



Functional T cell analysis 
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Non-Exhaustive analysis 
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Exhaustive combinatorial boolean analysis 
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Exhaustive combinatorial boolean analysis 
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Exhaustive combinatorial boolean analysis 
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Exhaustive combinatorial boolean analysis 

Single-cell 

secretomics. 

Ma et al. Nat Med 2011 



Qualitative polyfunctionality 

3 

2 

1 

0 



Quantitative polyfunctionality 
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Polyfunctionality Index 

Larsen et al. PLoS One 2012 



Quantitative polyfunctionality 
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Applications of the Polyfunctionality Index 

Ex vivo T cell analysis 

Larsen et al. PLoS One 2012 

Goulenok et al. AIDS 2014 

Huygens et al. JID 2015 

Samri et al. AIDS 2016 

Bajwa et al. JID 2016 and 2017 

Cardinaud et al. EJI 2017 

Antoine et al. JID 2014 

Lin et al. Nat Biotech 2015 

Pera et al. JLB 2016 

Detienne et al. Sci Rep 2016 

Culina et al. Sci Immunol 2018 
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Applications of the Polyfunctionality Index 

Other cell types Ex vivo T cell analysis In vitro T cell analysis 

Smolen et al. JI 2014 

Bayard et al. EJI 2016 

Lissina et al. AIDS 2014 

Hill et al. JI 2014 

Lissina et al. JI 2016 

Abdel-Hakeem et al. PLoS Path 2017 

Burel et al. JCI Insight 2017 
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- Dysfunctional DCs from 

South-African children 
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vaccination efficacy. 
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Larsen et al. PLoS One 2012 

Goulenok et al. AIDS 2014 

Huygens et al. JID 2015 

Samri et al. AIDS 2016 

Bajwa et al. JID 2016 and 2017 

Cardinaud et al. EJI 2017 

Antoine et al. JID 2014 

Lin et al. Nat Biotech 2015 

Pera et al. JLB 2016 

Detienne et al. Sci Rep 2016 

Culina et al. Sci Immunol 2018 
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Parametrisation of the Polyfunctionality Index 

Effector 
molecule 
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Parametrisation of the Polyfunctionality Index 
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 HIV-specific T cell polyfunctionality is negatively correlated with cellular 

activation (exhaustion) and positively correlated with nadir (lowest CD4+ 

T cell count). 

Polyfunctionality of HIV-gag specific CD8+ T cells 
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 T cell activation and polyfunctionality identifies HIV 

progressors by hierarchical cluster analysis. 

Polyfunctionality of HIV-gag specific CD8+ T cells 

Larsen et al. PLoS One 2012 



Almeida et al. Blood 2009 

Polyfunctionality of HIV-gag specific CD8+ T cells 
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q=1.2 is the optimal parameter estimate rendering the polyfunctionality 

index a predictive measure of target killing. 

 

Significance of q: 

q = 0 : polyfunctionality is not an immune correlate. 

0 < q < 1 : polyfunctionality is a moderate immune correlate. 

q > 1 : polyfunctionality is a strong immune correlate. 
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Polyfunctionality is a correlate of target-killing by HIV-specific T 

cell clones in vitro  

Boyd et al. PLoS One 2015 



Darrah et al. Nat Med 2007 

Corresponds to special PI with q = ∞ 
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Polyfunctionality is a correlate of Leishmania major vaccine 

efficacy in vivo 
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q=1.3 is the optimal parameter estimate rendering the polyfunctionality 

index a predictive measure of vaccine efficacy. 

 

Significance of q: 

q = 0 : polyfunctionality is not an immune correlate. 

0 < q < 1 : polyfunctionality is a moderate immune correlate. 

q > 1 : polyfunctionality is a strong immune correlate. 

 
Boyd et al. PLoS One 2015 
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RV144 HIV case-control clinical trial: 

RV144 trial design and output 

Li et al. Nat Biotech 2015,  
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RV144 HIV case-control clinical trial: 

RV144 trial design and output 

Li et al. Nat Biotech 2015, 

Sauce et al. Sci Rep 2016 
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Lin et al. Nature BIotechnology 2015 

RV144 HIV case-control clinical trial: 

Vaccine: ALVAC HIV (vCP1521) + AIDSVAX B/E (gp120) 

Inclusion: 125 contracted HIV (cases) of 16,402 HIV seronegative 

participants. 

Protection: Infection: 51 vaccinees and 74 placebo. 31% reduction in 

HIV infection over 3 years follow-up. 

RV144 full study 

Prediction: Vaccinee vs placebo 

Inclusion: 226 vaccinees and 40 placebo 

HIV contraction: 41 vaccinees and 20 placebo 
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RV144 HIV case-control clinical trial: 
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Sauce et al. Sci Rep 2016 

Prediction: Vaccinee vs placebo 

Inclusion: 226 vaccinees and 40 placebo 

HIV contraction: 41 vaccinees and 20 placebo 

T cell quantity = Response size (applicable to samples with and without HIV-specific T cells). 

T cell quality = Polyfunctionality (applicable only to samples with HIV-specific T cells). 

Why is response size a less good predictor compared to polyfunctionality? 
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RV144 HIV case-control clinical trial: 

Vaccine: ALVAC HIV (vCP1521) + AIDSVAX B/E (gp120) 

Inclusion: 125 contracted HIV (cases) of 16,402 HIV seronegative 

participants. 

Protection: Infection: 51 vaccinees and 74 placebo. 31% reduction in 

HIV infection over 3 years follow-up. 

Frequency adjusted (poly)functionality scores: 

Bayesian probability (poly)functionality scores: 

COMPASS – a Bayesian hierarchical framework model 

Lin et al. Nature BIotechnology 2015 

RV144 full study 
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RV144 HIV case-control clinical trial: 

Vaccine: ALVAC HIV (vCP1521) + AIDSVAX B/E (gp120) 

Inclusion: 125 contracted HIV (cases) of 16,402 HIV seronegative 

participants. 

Protection: Infection: 51 vaccinees and 74 placebo. 31% reduction in 

HIV infection over 3 years follow-up. 

RV144 full study 

Prediction: HIV contraction 

Inclusion: 226 vaccinees and 40 placebo 

HIV non-contraction: 185 vaccinees and 20 placebo 

HIV contraction: 41 vaccinees and 20 placebo 

AUC 
 

0.67 
 

0.62 
 

0.63 
 

0.69 
 

0.63 
 

0.63 
 

0.66 

Alternative (poly)functionality scores: 

Bayesian probability (poly)functionality scores: 

1/3 of non-controllers are placebo versus 1/10 

in controllers. HUGE BIAS…. 

COMPASS – a Bayesian hierarchical framework model 

Lin et al. Nature BIotechnology 2015 



CD4+ T cell polyfunctionality and HIV vaccine protection 

Rerks-Ngarm et al. NEJM 2009, Haynes et al. NEJM 2012, Li et al. Nat Biotech 2015 

Our study design: 
Prediction: HIV contraction 

Inclusion: 185 vaccinees with detectable HIV-specific T cells. 

HIV contraction: 30 out of 185 vaccinees included in the analysis 

RV144 HIV case-control clinical trial: 

Vaccine: ALVAC HIV (vCP1521) + AIDSVAX B/E (gp120) 

Inclusion: 125 contracted HIV (cases) of 16,402 HIV seronegative 

participants. 

Protection: Infection: 51 vaccinees and 74 placebo. 31% reduction in 

HIV infection over 3 years follow-up. 

Model adjustment: 

Removal of placebo treated individuals and non-responders severely 

reduces the predictive capacity of polyfunctionality. 



Predictive model of HIV contraction: 

Ex vivo polyfunctional analysis of HIV-gag specific CD4+ T cells post vaccination (IFN-g, 

IL-4, IL-17A, CD40L, IL-2, TNF-α).  

 

Independent variables: Polyfunctionality Index (PI), (Poly)Functionality Score (PFS, FS) 

and Response Size (Res Size) 
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Inclusion: 185 vaccinees with detectable HIV-

specific T cells. 

HIV contraction: 30 vaccinees 
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RV144 HIV case-control clinical trial: 

Th1 Th2 Th17 

CD4+ T cell polyfunctionality and HIV vaccine protection 

Sauce et al. Sci Rep 2016 
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CMV-specific T cell differentiation and function 

Reus et al. Front Immunol 2021 

CD4 T cell differentation and polyfunctionality are positively correlated.  
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