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Streptococcus pneumoniae

● Serotypically diverse bacteria with more than 100 serotypes

● Genetically diverse with hundreds of lineages/strains

● Major cause of diseases, including pneumonia and meningitis, 
especially in young children under 2 years of age and adults 
over 65 years of age

● Treatment: antibiotics

● Prevention: pneumococcal vaccines
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Pneumococcal vaccines
Vaccine types

Non-vaccine types
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Pneumococcal vaccines
Vaccine types

Non-vaccine types
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Compartmental Model with 
Sub-compartments

NFDS = Negative frequency-dependent selection, 
Model based on Jukka Corander et al. “Frequency-dependent selection in vaccine-associated pneumococcal population dynamics”. (2017)





Strain-serotype Model Fit to Massachusetts
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Strain-serotype Model Fit to Massachusetts
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Strain-serotype Model Fit - Parameter Comparison
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Parameter Massachusetts Southampton Nepal 
neg. log likelihood -236.12234 

(-239.9329 , -233.6487)
−562.76

(-567.6667, -560.4743)
-2415.2916

(-2419.1133, -2412.7752)

Strength of NFDS
𝛔f

0.0345
(0.0144, 0.0685)

0.0379
(0.0133, 0.0826)

0.4670 
(0.3474, 0.5386)

Proportion of genes 
under NFDS propf

0.28835
(0.20115, 0.4566) 

0.1614
(0.1077, 0.3611)

0.1708
(0.1584, 0.1967)

Migration rate m 0.0133
(0.0087, 0.0214)

0.0185
(0.0126, 0.0252)

0.0792 
(0.0648, 0.0953)

Vaccination 
selection strength v

0.0814
(0.0627, 0.1046)

0.0905
(0.0759, 0.1055)

0.1766 
(0.1405, 0.2159)



Benefits of implementing this model in odin

• Defining variables as vectors / matrices

• Readability of the model code (looks like equations)

• Reproducibility when fitting the model

• Having a likelihood and using MCMC

• It’s fast

—> Reusability



Implementing a model translation 
and visualisation tool
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Model Accessibility
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Model Accessibility
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System Biology Models

Adapted from Elowitz and Leibler (2000)
DOI: 10.1038/35002125

Taken from BioModels
https://www.ebi.ac.uk/biomodels/
BIOMD0000000012#Curation

https://doi.org/10.1038/35002125


The pipeline

ODE Models in 
SBML

ODE Models in 
odin

Run and adapt 
Model

Display Model 
in Browser

SBMLtoOdin

Menelmacar
 BioModels
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https://www.ebi.ac.uk/biomodels/


Import BioModels into odin

https://www.ebi.ac.uk/biomodels/BIOMD0000000982

odin

SBML file
Automatically generated code by SBMLtoOdin

SBMLtoOdin
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Import BioModels into odin
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The pipeline

ODE Models in 
SBML

ODE Models in 
odin

Run and adapt 
Model

Display Model 
in Browser

SBMLtoOdin

Menelmacar
 BioModels

21Menelmacar = Making Execution of (Nearly) Every Life-science Model ACcessible to All Researchers

https://www.ebi.ac.uk/biomodels/


22biomodels.bacpop.org

https://docs.google.com/file/d/1GzZui_iIpAS6N3_5IKaSbKvHj9iuGCFj/preview


Code availability

• SBMLtoOdin: https://github.com/bacpop/SBMLtoOdin

• Menelmacar website: 
• Code: https://github.com/bacpop/odinviewer 
• Website: biomodels.bacpop.org 

• NFDS Model: https://github.com/bacpop/compartmental-models-odin-dust

https://github.com/bacpop/SBMLtoOdin
https://github.com/bacpop/odinviewer
http://biomodels.bacpop.org
https://github.com/bacpop/compartmental-models-odin-dust/tree/main/WrightFisherModel_2024
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