
20 October 2008

Modelling world-wide disease spread: a case 
for using differing spatial scales

Iain Barrass
Ian Hall and Steve Leach
Centre for Emergency Preparedness and Response

Health Protection Agency

United Kingdom



  

Overview

 Compartmental meta-population disease model

 Considerations of spatial scales 

 Scales in the United Kingdom

 Global disease models appropriate for UK questions

 Conclusions, discussion



  

Compartmental Model

SIR-type model including additional disease states
• Latent/exposed
• Prodromal
• Asymptomatic infectious
• Dead

Consider stage age

Use stochastic transitions



  

Meta-population Model

Infection is 
introduced 
into one patch

This may infect 
other patches

SEIR-type model
within patches

Connection given by 
population movements or 
boundary effects



  

2001 Government Office
Regions

NE    2515516

   YH   4964892

             EM   4172289

            EE   5388080

            GL   7172057

            SE   8000643

SC    5062011

NW    6729755

WA    2903073

WM   5287403

SW   4928463

283838892112486523237532054105861261137126613408WA

22250466869931948300686561046197443361910SC

6298127148318895120816120408711652185314402279366SW

122917232963575283303748613996282471036522553356680SE

858119839481320896948528732113544324818082909716GL

6271558305244804283605503026940781407625252929557EE

733411721706413666104405107515197135315320021393741WM

8151068287829328137073402746544398040543215190821220EM

6802648266861026548464348012769948735132198813602YH

16881394535708103876246271854683401783066368162335NW

37948411487367631191961165118851283342602479424NE

WASCSWSEGLEEWMEMYHNWNE



  

Choice of Spatial Scale

 Many factors influence choice of spatial scale
 Epidemiology

 Population mixing (homogeneous or otherwise)
 Disease parameters
 Area for intervention policies

 Patch connectivity

 Spatial scale of data
 Non-parametrised movement

 Computational cost



  Counties (NUTS 3)

141 (128)

Smaller UK Administrative Regions

Districts (LAU 1)

408 (417)

Wards (LAU 2)

10026 (10072)



  

Population and Commuting
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Population Movements Within European 
Countries

Origin–Destination data linking homes 
and workplaces have been identified 
for:

• Denmark

• France

• United Kingdom

Other data sets may exist for other 
countries.



  

World-wide Disease Spread: UK Issues

 To consider the first imported cases to the UK we may 
want to know:
➢ The location of cases in the rest of the world
➢ Travel by infected individuals between countries
➢ Travel by infected visitors to regions of the UK
➢ Travel by UK residents to an infected area and back



  

UK and the World

Treat the world as 
a single patch

UK cases will be some 
proportion of these



  

UK and the World

Treat the UK and the rest 
of the world as patches



  

UK and the World

Use UK regions, treating 
the rest of the world as a 
single patch



  

UK and the World

Considering all countries 
as single patches



  

UK and the World

Considering UK regions 
and other countries as 
single patches



  

Competing Spatial Scales

IATA/WTO data at country scale Distribution to finer scale by IPS

UK inbound (overseas visitors)



  

Competing Spatial Scales

UK residents outbound

Overseas travel information at country levelUnclear about travel 
by place of residence



  

Troublesome Spatial Scales

Regions of 
“missing” data

“Large” populations, 
little realism

Using IATA country-country 
pairs as an example



  

Importation and UK profile



  

Conclusions

 There are sufficient data available to have a 
meaningful global meta-population model

 We need to consider the world as more than a single 
patch to capture reasonable disease importation 
scenarios

 There still remains a lot of uncertainty around global 
disease spread and importation



  

Discussion

 How well suited are these models to answering 
questions such as the location of importations to a 
country?

 Can we improve the data coverage?

 How do we handle the different spatial scales that 
arise from this modelling approach?

 Can we formalise how well these models address the 
questions?

Are the models so coarse that the data gaps are not 
too troublesome?
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