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1. Systems Vaccinology: using the tools of systems 

biology to identify predictors of vaccine efficacy, and to 

discover new insights about protective immunity.

2. Gnostic predictors: extracting biological meaning from 

signatures.

3. Relevance for clinical trials

Topics



Vaccines as tools to probe the human immune system

Young Healthy adults

Infants
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Immunocompromised

Yellow Fever vaccine
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Serologic response

Flow cytometry
CyTOF

Cytokine assays

Transcriptomics
Micro RNAs
Metabolomics

Measuring vaccine immunity





Is there a “universal correlate”of antibody responses to any vaccine?

(protein-conjugated)

(polysaccharide)



Day 3/0 antibody correlation

Li et al – Nature Immunology, 

2014 





Systems Immunology 

Consortium 

Goal: 
Create a unified research platform for 
the analysis of vaccine trials and 
natural history studies



Low input,
High throughput,
No output Biology?

We are drowning in a sea 
of data and thirsting for 

knowledge

Sydney Brenner



1. The impact of nutrient sensing and 

metabolic control on vaccine 

immunity

2. Control of vaccine immunity by the 

intestinal microbiome

What are we learning?
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(LPS, CpG DNA, dsRNA…) (hsps, HMGB1, ATP, uric acid..) Viruses, bacteria

Starvation

(TLRs, NLRs, CLRs…)

Increased gene expression

NF-kB, IRF7 etc…

Translation 

inhibition

eIF2α

eIF2α-P

PAMPs DAMPs

PRRs

Metabolic stress 

pathways

GCN2, PERK, PKR, 

HRI

Innate 

Immunity

Autophagy

T cell

Cross-presentation



Natural Ligand for TLR5 is Flagellin

Early expression of TLR5 is positively correlated with productive antibody responses 

against influenza HA following vaccination with the seasonal inactivated flu vaccine



IgG1 IgG2c IgM

Antibody Response to vaccination with flu vaccination is dependent on TLR5

BUT, the flu vaccine itself lacks the capacity to 

stimulate TLR5 signaling



20 µµµµg TIV s.c.

WT B6

Antibiotics (ATB)

Cocktail:

Neomycin (1 g/L)

Ampicillin (1 g/L)

Vancomycin (0.5 g/L)

Metronidazole (0.5 g/L)

Serum ELISA

4 Weeks

Day 7 14 28

Is there a role for commensal microflora in mediating vaccine 

responses?



Vaccine 

Efficacy

Implications for Human Vaccination Programs?

HAI d0 and d28

NGS – Microbiome (stool)

TLR5 

polymorphisms



Potential applications for clinical trials





A framework for Systems Vaccinology

Immunity 2010
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