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The influenza virus

Hemagglutinin (HA)

Neuraminidase (NA)

Matrix protein membrane

Lipid envelope



Gene flow in the influenza population

at 2 month intervals

taken from H3NZ2 influenza
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Influenza and measles differ in prevalence and age of infection
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Antigenic drift results in almost yearly influenza vaccine strain updates

@ - Perth 2009
@ - Uruguay 2007
@ - Brisbane 2007
@ - Hiroshima 2005
Q@ -- Wisconsin 2005
© — = NewYork 2004
© — = California 2004
© - - — Wyoming 2003
O — — —== Kumamoto 2002
© — — — — Fujian 2002
@ - Panama 1999
@ - Moscow 1999
@ - Sydney 1997
@ - Nanchang 1995
@ - Wuhan 1995
@® - — —=—= Johannesburg 1994
@® - - = Shangdong 1993
@ Beijing 1992
® - == Beijing 1989
®  — Guizhou 1989
® - == Shanghai 1987

I I I l I I I I l I I I I l I I I I l I I I I l I I I

1990 1995 2000 2005 2010



Modeling antigenic phenotype



Influenza hemagglutination inhibition (HI) assay

Hemagglutination assay:

Without virus, red blood cell sink to bottom of well

With virus, cells form diffuse lattice

Without antibodies, agglutination of virus to RBC

Antibodies bind viruses, preventing agglutination




Influenza hemagglutination inhibition (HI) assay

= @1 Without antibodies, agglutination of virus to RBC

@ Antibodies bind viruses, preventing agglutination

Reacting virus from strain A-H vs sera from strain A
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Antigenic cartography

Developed by Derek Smith and colleagues

Uses multidimensional scaling (MDS) to position viruses in 2D space such that the
distances in this space best fit the HI assay titres.

Smith et al. 2004. Mapping the antigenic and genetic evolution of the influenza virus. Science.
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Multidimensional scaling (MDS)

Maximum titer (in log2 space) of serumj Sj

HI titer of virus / vs serum j Hij

Observed HI distance between virus j and serum j dz j — S5 — H 1]
Map distance between virus / at X; and serumj at Y; 57;]' — | ‘XZ — )/J ‘ ‘2
The goal of MDS is to fipd locations that minimize the Z (52 . .)2
difference between HI distance and map distance J tJ
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Bayesian multidimensional scaling (BMDS)

In Bayesian MDS, this is probabilistically
reformulated as

H;; ~ Normal(s; — 0;;, 902)

For example, given §; =2 and s; = 8.3
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Oh and Raftery. 2001. Bayesian multidimensional scaling and choice of dimension. J Am Stat Assoc.
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Integration through Markov chain Monte Carlo (MCMC)

Starting location in MCMC chain

Posterior distribution

.~ BEAST: Bayesian Evolutionary Analysis by Sampling Trees




Bayesian MDS results



Antigenic map of H3N2 influenza from 1968 to 2011
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Antigenic drift of H3N2 influenza
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Integrating phylogeny and cartography



Phylogeny of H3N2 virus sequences
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Modeling a continuous character as Brownian motion diffusion

Lemey et al. 2010. Phylogeography takes a relaxed random walk in continuous space and time. Mol Biol Evol.
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Comparison of MDS and diffusion models
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Comparison of MDS and diffusion models

Dimen 2

Test error: 0.75
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Antigenic drift driven by trunk lineage
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Antigenic drift driven by trunk lineage
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Linking genetic and phenotypic change
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