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Network-based modelling



Evolutionary pathways



Genome-wide networks



Dataset (NSW Salmonella Reference Laboratory)

➢  Nine consecutive seasons of instances in NSW

▪   1st January 2008 to 31st December 2016

➢  17,107 isolates of STM

▪   99.3% of all STM found from human cases in NSW over 3,287 days

➢  Genotyped through MLVA

▪   Multiple-Locus Variable-number tandem repeat (VNTR) Analysis

▪   1675 unique MLVAs identified



What is MLVA?

Tandem repeats

Image source: https://www.stewartsociety.org/images/bannockburn-tandem-repeats.jpg
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What is MLVA?
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STM in NSW 2008-2016

OzFoodNet. Enhancing Foodborne Disease Surveillance Across Australia. NSW Annual report, 2015.



MLVA isolates as a complex network

➢  Construct a complete graph (network)

▪   1675 nodes (unique MLVA profiles)

▪   edge weights are inverse of pairwise MLVA distance

➢  Compute centrality of MLVA profiles within network

➢  Cluster nodes (MLVA profiles)

➢  Trace changes in MLVA centrality over time

➢ Contrast changes in cluster prevalence and centrality



Network of MLVA profiles



Network of MLVA profiles



➢  Edge weights

▪   Inverse of Manhattan distance (L1-norm)

Complex network analysis: distance
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➢ Edge weights

▪   Inverse of Manhattan distance (L1-norm)

 

➢  Closeness centrality 

Complex network analysis: centrality
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Path length: average distance to all other nodes



Closeness centrality (example)

https://www.geeksforgeeks.org/closeness-centrality-centrality-measure/



Closeness centrality of MLVA profiles



Global network properties: average path length

Average path length (average distance to all other nodes) 

correlates with prevalence: ρ ≈ 0.7 at ~100 days



Centrality vs cluster prevalence

Colours denote distance to the node with the highest average cluster prevalence



Directed genotype (MLVA) networks



Directed genotype (MLVA) networks: evolutionary drive



Directed genotype (MLVA) networks: 
transitions and bottlenecks



SE outbreak emergence



Genome-wide networks: undirected SNP sub-network



Centrality-prevalence plot: undirected SNP network



Network-based modelling of Salmonella

➢ inferred undirected and directed networks from surveillance and 
molecular genotyping data for STM and SE 

➢ quantified diversity and variability of evolving STM and SE networks

➢ correlated network properties with the epidemic severity

➢ identified two distinct evolutionary branches in terms of centrality

➢ suggested to monitor ongoing STM and SE population diversity and 
focus on new genotypes as reservoirs of future epidemics
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