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Pig trade is a driver of intercontinental and within-US 
swIAV spread
Apart from shift & drift, there are 3 drivers of swIAV evolution and spread

Does this apply to Europe?

pictures by Prof. dr. Martha Nelson



Dominant SIV strain differs between countries and 
changes over the years
• France

Richard et al. 2024 bioRxiv

https://www.biorxiv.org/content/10.1101/2024.07.25.605108v1.full.pdf


Research Questions

• What is the geographical history of swIAV spread in Europe?

• What are the drivers for swIAV spread across European countries?
• Pig trade as main covariate of interest



What is phylogeography?

• Principle: fast evolving viruses evolve simultaneously 
with geographic dispersal, so the spatial history can 
be recovered from genomic data

• Estimate the ancestral locations in a phylogenetic 
tree conditional on the observed locations of viral 
sequences represented by the tips of the tree

Faria, N. R., Suchard, M. A., Rambaut, A., & Lemey, P. (2011). Toward a quantitative understanding of viral phylogeography. Current opinion in virology, 1(5), 423–429

https://doi.org/10.1016/j.coviro.2011.10.003


What is phylogeography?

Discrete trait phylogeography:

Rates of location exchange (transitions) along tree, simultaneous with 
building ‘best’ tree. 

Disadvantage: Ancestral locations can only be in the specified locations 
and locations with a lot of sequences will be overestimated as source 
location

Advantage: Can be extended to identify predictors for location exchange, 
using a GLM

Faria, N. R., Suchard, M. A., Rambaut, A., & Lemey, P. (2011). Toward a quantitative understanding of viral phylogeography. Current opinion in virology, 1(5), 423–429

https://doi.org/10.1016/j.coviro.2011.10.003


What do we need for such an analysis?

1. Sequences

• With country and accurate date of collection 

• Representative for diversity of the virus in the country

• Sufficient in number and time period for good clock signal and support

• Preferably full length

• Preferably from ALL countries in Europe



Subtypes

• H1N1: 4629

• H1N2: 1677

• H3N2: 566

• H3N1: 23

many partial H1 sequences 
from 2009-2010
After alignment and cleaning: 
N= 3469 H1 seqs

GISAID – EpiFlu database; NCBI Virus

What do we need for such an analysis?

1. Sequences

https://gisaid.org/
https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/


What do we need for such an analysis?

2. A proxy for the prevalence of swIAV per country 

• Aim: prevent over- or underrepresentation of countries → biased transition estimates

• Ideal situation: Prevalence of SIV per country 

Henritzi et al. 2020 Cell Host & Microbe



Final linear model:

• Farm-level prevalence ~ farmsize * number of farms

• Adj. R2 = 0.53! 

• Predicted prevalence in Italy and Austria (and other EU countries)

• Random subsampling based on proportional rule: N = 721 H1 
sequences 

EUROSTAT databases

What do we need for such an analysis?

2. A proxy for the prevalence of swIAV per country 



Pig population

• Number of pigs per km2

• Number of farms

• Farm size

Trade

• Live pig trade of different 
categories of pigs

• Trade of pork

Geographics

• Shared borders

• Distance between countries

• Distance between densely pig-
populated areas

What do we need for such an analysis?

3. Covariates that may be associated with swIAV spread



Live pig trade (between 10 countries with sufficient sequences)

Gaulier et al. 2010, CEPII Working Paper

Breeding

pigs weighing <50 kg

Pigs weighing >50 kg 

https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37


Pork trade

Trade between 
almost all 10 

countries!

Gaulier et al. 2010, CEPII Working Paper

Which pork could 
lead to transitions 
of lineages?

• Fresh meat

• Organ meat 
(offal)

https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37


Pig population

• Number of pigs

• Number of farms

• Farm size

Trade

• Trade of breeding pigs 
+ pigs < 50 kg

• Trade of offal (organ meat)

Geographics

• Shared borders

• Distance between countries

• Distance between densely pig-
populated areas

What do we need for such an analysis?

3. Covariates that may be associated with swIAV spread



• Bayesian analysis – clear tutorials on priors, modeling choices and 
interpretation  

What do we need for such an analysis?

4. Learn how to ‘tame the BEAST’ 



H1A

H1B

H1C

Results: Maximum clade credibility tree with predicted 
ancestral locations



Results: Covariate live pig trade strongly associated

• Predictors with low posterior inclusion probability
• Distance between swine-dense region centroids

• Sharing borders

• Number of pigs in destination country

• Farm size

• Pork trade

• Live pig trade: Inclusion probability of 0.997 to 1 in all  
models for all gene segments
Bayes factor > 1000



Discussion

• Quantify number of branching events within vs. between locations?

• Repeat with different random subselection

• Do not forget that many EU countries were not included

• Where are the traded pigs going? How to prevent spread?



Future outlook

• Include reassortment in the phylo-
analyses

• Study effect of vaccination practices:
Higher vaccination coverage – less 
spread within and between country?

• Human-to-pig transmission

Ugnė Stolz, Tanja Stadler, Nicola F Müller et al.2022. Joint Inference of Migration and Reassortment Patterns for Viruses with Segmented Genomes, Molecular Biology and Evolution,, 

https://doi-org.utrechtuniversity.idm.oclc.org/10.1093/molbev/msab342
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SIV HA Maximum Likelihood tree and temporal signal

FastTree v2.1 (GTR+g) – TempEst v1.5.3

H1A

H1B

H1C



SIV HA Maximum Likelihood tree and temporal signal
H1A H1C

H1C

FastTree v2.1



SIV HA Maximum Likelihood tree and temporal signal

FastTree v2.1 (GTR+g) – TempEst v1.5.3



Pig population in Europe

Eurostat - Pig population - annual data [apro_mt_lspig__custom_12819695] 

Farm size of commercial farms
Ranges from 11 (Serbia) to 4509 (Denmark)

and continues to increase over the years...


	Dia 1: Phylogeographic analysis reveals that swine influenza virus spreads across Europe via trade of live pigs
	Dia 2: Acknowledgements
	Dia 3: Pig trade is a driver of intercontinental and within-US swIAV spread
	Dia 4: Dominant SIV strain differs between countries and changes over the years
	Dia 5: Research Questions
	Dia 6: What is phylogeography?
	Dia 7: What is phylogeography?
	Dia 8: What do we need for such an analysis? 1. Sequences
	Dia 9: What do we need for such an analysis? 1. Sequences
	Dia 10: What do we need for such an analysis? 2. A proxy for the prevalence of swIAV per country 
	Dia 11: What do we need for such an analysis? 2. A proxy for the prevalence of swIAV per country 
	Dia 12: What do we need for such an analysis? 3. Covariates that may be associated with swIAV spread
	Dia 13: Live pig trade (between 10 countries with sufficient sequences)
	Dia 14: Pork trade
	Dia 15: What do we need for such an analysis? 3. Covariates that may be associated with swIAV spread
	Dia 16: What do we need for such an analysis? 4. Learn how to ‘tame the BEAST’ 
	Dia 17: Results: Maximum clade credibility tree with predicted ancestral locations
	Dia 18: Results: Covariate live pig trade strongly associated
	Dia 19: Discussion
	Dia 20: Future outlook
	Dia 21: Thanks for listening!
	Dia 22: SIV HA Maximum Likelihood tree and temporal signal
	Dia 23: SIV HA Maximum Likelihood tree and temporal signal
	Dia 24: SIV HA Maximum Likelihood tree and temporal signal
	Dia 25: Pig population in Europe

