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Fight against malaria over?



80-100% protection ~0-30% protection

Dorst, Pyuza et al. Nature Reviews Immunology 2023

The host matters



Some key questions

ÅWhy are some individuals more protected than others?

ÅWhy do some individuals or populations respond better?

ÅCan high-dimensional data and AI help identify correlates of protection 
(CoP) beyond antibodies and T cells?

ÅHow important is antigen-agnostic memory? What is the interplay 
between antigen-agnostic and ςspecific memory? 

ÅCan vaccines that work for all be developed, or do we ultimately need 
personalized vaccines, like in cancer? 



Immunotherapy Vaccination & 
Infection

Autoimmunity

Can we predict responses? 
Can we uncover potential determinants?

Shared predictors and mechanisms?

Sasaki et al. JCI 2011

Variability is a hallmark of the human immune system



Why? The Immune Setpoint Hypothesis

Concept: Tsang; Image generation: Gemini 



Timescale and contributors

EvolutionĄ Genetics

LifespanĄ development, 
environment, aging

Determinants of health and 
disease

Vaccine response -> protection

Intervention outcomes

Health trajectories

Etc. 



Modern tech measures 
immune states 

comprehensively

~107 ς 109 parameters / timepoint / person

Tissue spatial profiling (skin, gut, nasal swabs, etc.)

Antibody profiling (pathogens and autoreactivities)

Cells:
    Multimodal single cell analyses
        Transcriptomics
        Chromatin accessibility, etc.
        TCR/BCR repertoire
    In vitro stimulation responses (signaling, RNA, etc.)

Circulating molecules:
    Proteomics (2,500-10,000 proteins)
    Cell free DNA/RNA ς cell/tissue statuses, etc.
    Antibody profiling

Pulendran and Davis Science 2020



Multiplexing single cell analysis: reducing cost, cell 
number, batch effects, and enabling pooled enrichment

Extensively validated and utilized workflow, e.g.:
Liu and Martins et al. Cell 2021,
Kotliarov et al. Nat. Med 2020, 

Mulè et al. Immunity 2024,
Several ongoing projects



Baseline matters: beyond age, sex, and pre-existing immunity

Cell 157(2) 499-513, 2014

Signature of high responders:
     Elevated activated/switched B cells (antigen agnostic)
     Increased cDCs
    



Personal immune setpoint predicts outcome

Kotliarov, Sparks, et al. Tsang Nature Medicine 2020
Sparks, Lau, Liu, et al. Tsang Nature 2023

Mule et al. Tsang Immunity 2024



Setpoint encoded by networks of immune cells
Å Activated pDCs
Å Type I IFN signatures across cell types
ÅMore activated T cells with CD40L signatures
ÅMore switched B cells

Baseline setpoint states are encoded by correlated cell states

Reduced Surrogate Signature: Can be captured by 10 
transcripts in blood

Ą General strategy for Correlate of Protection development



How are (antigen-agnostic) 
baseline setpoint states established?

Early pediatric development

Environmental perturbations?



Beyond classic adaptive immune memory

New setpoint? 
Trained immunity?

Sparks, Lau, Liu et al. Nature 2023
Apps, Biancotto, Candia, Kotliarov et al. Cell Report 2024



Baseline setpoints can be shaped by inflammatory exposures in a 
sex dimorphic manner

Sparks, Lau, Liu et al. Nature 2023

Fall 2020

William LauRachel Sparks

antigen-agnostic memory



Vaccination alone (w/o adjuvants) can induce trained immune states 
with functional consequences



How long do such memory last?

Positive feedback is important: 
cell intrinsic mechanisms alone are likely insufficient



Side Note: What is AI/Machine Learning (ML)?

Mapping 
function

F

X 
(of any dimension)

Y 
(of any dimension)

Given training examples (X,Y), 
figure out F 

Examples: 
Vaccination efficacy

therapeutic response
 

disease diagnostic

Examples: 
circulating antibody 

levels

gene expression 
profile

 
immune cell 
phenotype

AI (Artificial Intelligence) refers to computer 
systems designed to perform tasks that 
typically require human intelligence. 

Machine learning (ML) develops algorithms to ƭŜŀǊƴ έ!L 
ƳƻŘŜƭǎέ ŦǊƻƳ Řŀǘŀ to perform tasks; 
ML is currently the dominant paradigm in AI 



AI in vaccine research and development

Concept: Tsang; Image generation: Gemini 
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Infection 
challenge

Infection Outcome

Pre-infection baseline 
(nasal, blood)

Predict who is protected based on their baseline 
immune profiles ς protective profiles could 
originate from many sources including previous 
infections and vaccinations, personal immune 
setpoints, etc.

Predicts 
infection outcome

Validation
(technical, sampling, 

population, etc.)

How to apply baseline setpoint concepts and tools to 
vaccine R&D? Baseline matters.

Do CoPs operate at the individual or population 
levels?



How to apply baseline setpoint concepts and tools to 
vaccine R&D? Baseline matters.

Infection 
challenge

Infection Outcome

Pre-infection baseline 
(nasal, blood)

Predicts 
infection outcome

Vaccine-induced
Features (nasal, blood)

Validation
(technical, sampling, 

population, etc.)



Example: High-dimensional CoP discovery

Ao Huang, Helen Wagstaffe, Chris Chiu



Summary: High-dimensional CoP discovery

Concept: Tsang; Image generation: Gemini 



Building on top of larger, pre-trained models 
that captured broader human immune variation (age, geography, sex, disease, etc.)

Pre-trained models capturing diverse 
human immune states

Example model can generalize to aging, drug 
responses, and different diseases



.ǳǘΣ ǿŜ ŦŀŎŜ ŀ έǘƛƴȅ Řŀǘŀέ ǇǊƻōƭŜƳΥ ƳǳŎƘ ƳƻǊŜ 5!¢! ƴŜŜŘŜŘ

High resolution 
immune 

measurement 
tools matured

Public health 

importance 

realized via 

COVID

AI 

revolution

Human Immunome Project

Shai Shen-Orr



Map immune states along major axes of variation to 
predict responses to perturbations including vaccines

Life span

Geography/

Ancestry
Pre-Disease/Disease

GenderEnvironment

Like the Human Genome Project, 
provide open data to empower 
research and train AI models



Iterative IMK development will empower scale


