
Advances in mobility have enabled humans and animals 
to travel far and wide, and in tandem, allowed for the 
rapid dissemination of infectious diseases. If we can 
better predict how diseases spread and how they react 
to different interventions, we stand an improved chance 
of mitigating and controlling them. We developed a 
modeling framework using fine-grained satellite data 
on areas of human settlements and high-resolution 
population data, to build a road-connected network 
upon which to model disease spread. Prior to modeling 
disease spread, we incorporated mobility patterns in this 
network by estimating the commuting rates between 
the road-connected settlement/urban areas. We 
demonstrate this approach for Rwanda and simulate the 
spread of the 2009 pandemic H1N1 influenza across 
the constructed network. 
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Figure: Connectivity of urban areas in the Rwandan 
human settlement network

Road-connected 
network for Rwanda

To test the created network as a framework upon which 
to model infectious diseases, we simulated the spread of 
pandemic influenza A H1N1 via an SEIR (susceptible, 
exposed, infectious, recovered) compartmental model, 
where the disease spread is simulated both within and 
between urban areas. In the SEIR model, a susceptible 
person becomes infected upon contact with an 
infectious individual and transitions to the exposed 
or latent compartment, after which the individual 
becomes infectious (symptomatic or asymptomatic) 
and subsequently recovers with immunity to future 
infections. The disease transmission parameters used 
in the model were obtained from existing literature on 
pandemic influenza.1,2,3,4

Modeling of H1N1 influenza outbreak 
across the network

The simulated outbreaks accurately forecasted influenza 
spread in terms of outbreak lengths and the order in 
which areas were infected.

Simulation results Figure 2: Histogram of simulation lengths (epidemic sizes) and 
inset showing infectious epidemic curves of those simulations 
(205/500) that resulted in widespread geospatial outbreaks. 
The red arrow points out the reported length of the observed 

2009 pH1N1 outbreak in Rwanda (242 days).



Reference:

1. Pourbohloul B, Ahued A, Davoudi B et al. Initial human transmission dynamics of the pandemic (H1N1) 2009 
   virus in north america. Influenza Other Respi Viruses 2009; 3: 215–22.

2. Tuite AR, Greer AL, Whelan M et al. Estimated epidemiologic parameters and morbidity associated with pandemic 
   H1N1 influenza. CMAJ 2010; 182: 131–6.

3. Longini IM Jr, Nizam A, Xu S et al. Containing pandemic influenza at the source. Science 2005; 309: 1083–7.

4. Balcan D, Gonçalves B, Hu H, Ramasco JJ, Colizza V, Vespignani A. Modeling the spatial spread of infectious 
   diseases: The Global epidemic and mobility computational model. J Comput Sci 2010; 1: 132–45.

The modeling framework developed above has been used to write an R package which facilitates the application 
of this model to other diseases in different geographic regions. 

Future directions

Figure 3: Comparison between observed and simulated outbreak spreads across Rwanda. Left: map showing the location of influenza surveillance 
sites and the cities documented to have confirmed pH1N1 influenza clusters. Right: comparison between the observed and simulated order of 
pandemic influenza spread in Rwanda. The dashed line depicts additional cities found to be infected during the course of simulated outbreaks.


