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Background Materials and Methods Results Discussion

Vaccination

• Most effective measure in public health
• 154 million deaths prevented in 50 years

• Historically developed empirically

Pollard and Bijker, 2020
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Transcriptomics

• Gene expression: Genes → Product
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Background Materials and Methods Results Discussion

Why study gene expression?

Huge potential :

✓ Holistic view of system

✓ Reveal vaccine mechanisms

✓ Observed early

But challenges with high-dimensionality...

!△ Interpretability

!△ Sensitivity to investigator choices

!△ Low signal-noise ratio
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Gene Set Approaches
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Comparing vaccine signatures reveals insight
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A statistical test for comparing signatures of vaccines

1. Gene-level Expression Profiles
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A statistical test for comparing signatures of vaccines
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Working linear mixed effects model

Derive test statistic from

yi
G = α0 +Xiα+Φiβ +Φiξi + ϵi

• yi
G = ((yi

1)T , ..., (yi
p)T )T - expression of p genes in set G

• Xi - covariates to control for
• Φi - K test variables

=⇒ β - fixed effects of test variables
=⇒ ξi ∼ N (0,Σξ) - random effects of test variables
=⇒ ϵi ∼ N (0,Σi) - residual error

Null Hypothesis

H0 : β = 0,Σξ = 0
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Test statistic

The derived variance-component score test statistic is Q = qTq with

qT = n−1/2
n∑

i=1

(yi
G − (α0 +Xiα))T︸ ︷︷ ︸
Gene-set expression

Gene-set Covariance︷︸︸︷
Σ−1
i Φi︸︷︷︸

Vaccine indicator

=⇒ Q ∼
+∞

∑pK

k=1
akχ

2
1 where ak is kth eigenvalue of cov(q).
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Application : vaccine comparison

=⇒ What differs between how these vaccines provoke immunity?

Public Data from Human Immune Project Consortium (Diray-Arce et al., 2022)
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Strong antiviral signal after Yellow Fever

antiviral IFN signature (M75)
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Distinct dynamics of B-cell response
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Lessons learnt : Yellow Fever vs Pneumococcus

• Characterised by different immune responses

• Early antiviral response may characterise yellow fever

• Yellow fever induces an early B-cell response
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Background Materials and Methods Results Discussion

Take-home message

• The potential and challenges of gene expression for vaccine development

• A statistical test for comparing pathways activated through vaccination

• Illustrated interpretable differences between two vaccines

Thank you for listening!
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Estimating the mean-variance relationship

!△ RNA-seq is heteroskedastic =⇒ Mean-variance relationship non-linear

Figure inspired by Law et al., 2014 (simulated data) 2 / 5
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Appendix References

Visualisation score

Define gene-level scores qgi = (yi
g − (α0 + xiα))σ−1

i ϕi

where σi is the std. deviation of g

i ∈ T if treated
i ∈ C if control
g = 1, ..., p genes in a set G
Define the visualisation score :

d = 1
p

p∑
g=1

{ 1
|T |

∑
i∈T

qgi −
1
|C|

∑
i∈C

qgi }

i.e. the average difference in scores between the two groups.
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Human Immune Project Consortium

• Public resources to characterise human immune system

• 30 studies comprising 24 vaccines developed against 11 pathogens
• 13 distinct vaccine types (pathogen + vaccine platform)

• 4975 transcriptomic samples from 1405 individuals
• 10086 common genes across all studies

Diray-Arce et al., 2022
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Limitations

• Typically choose Σi diagonal i.e. do not model within-gene set correlations

• Visualisation shows mean differences but there may be multiple trends within a gene set

• Test underpowered when model grossly misspecified
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