
Epidemiol. Infect., Page 1 of 13. 

doi:10.1017/S0950268810001676 
I Cambridge University Press 2010 

Development of an individual-based model for polioviruses: 
implications of the selection of network type and 
outcome metrics 

H . R A H M A N D A D i * , R . J. D U I N T J E R T E B B E N S ' - ' 

A N D K . M . T H O M P S O N ' 

^ Department of Industrial and Systems Engineering, Virginia Tech, Falls Church, VA, USA 
2 Kid Risk, Inc., Newton, MA, USA 

^ Delft Institute of Applied Mathematics, Delft University of Technology, Delft, The Netherlands 

(Accepted 15 June 2010) 

S U M M A R Y 

We developed an individual-based ( IB) model to explore the stochastic attributes o f state 

transitions, the heterogeneity o f the individual interacdons, and the impact o f different network 

structure choices on the pohovirus transmission process in the context o f understanding the 

dynamics o f outbreaks. We used a previously published differential equation-based model 

to develop the I B model and inputs. To explore the impact o f different types o f networks, 

we implemented a total o f 26 variations o f six different network structures in the I B model. 

We found that the choice o f network structure plays a critical role in the model estimates o f cases 

and the dynamics o f outbreaks. This study provides insights about the potential use o f an I B 

model to support policy analyses related to managing the risks o f polioviruses and shows the 

importance o f assumptions about network structure. 
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I N T R O D U C T I O N 

Global efforts to eradicate w i l d pohoviruses continue, 

w i t h types 1 and 3 w i l d polioviruses remaining en­

demic in fou r countries (Nigeria, India, Afghanistan, 

Pakistan) and causing fewer than 2000 global cases o f 

paralytic pol io annually [1]. While w i l d polioviruses 

circulate in these areas, the rest o f the wor ld must 

continue to keep poho vaccination levels very high [2], 

due to the risk o f outbreaks i n susceptible people 

in polio-free countries. I n addit ion, post-eradication 

policy planning must anticipate that outbreaks (de­

fined as one or more cases o f paralytic poho) w i l l 
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occur after the successful disruption o f wi ld polio virus 

transmission [3, 4], largely due to the risks o f circu­

lating vaccine-derived polioviruses (cVDPVs) [5], 

Mos t people infected w i t h pohovirus do not show any 

symptoms, which necessitates modell ing the trans­

mission o f infections [5], but about 1/200 susceptible 

people becomes paralysed f r o m a wi ld poliovirus 

infection [6-8]. The costs o f outbreaks include both 

health costs experienced by paralysed individuals plus 

the impacts on their families, and the financial costs 

associated w i t h treating patients and responding to the 

outbreak w i t h vaccine campaigns to reduce trans­

mission [9-11]. T w o vaccines provide protection f r o m 

disease (paralytic poliomyehtis), but incomplete pro­

tection f r o m infect ion: live oral poliovirus vaccine 

(OPV) and inactivated poliovirus vaccine ( IPV) . OPV 

represents the vaccine o f choice f o r the Global Polio 
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(a) Fully connected (fc) Random (c) Scale-free 

(rf) All-in-range (e) Small-world 

Fig. 1. Examples of the five different theoretical network structures, with each network including 20 individuals (nodes) 
(« = 20) and each node connecting to six other nodes on average (K=6). The initial layouts of nodes in the networks shown in 
panels (fl)-(c) appear as a ring, but the reasonable representation of the initial structure for the networks shown in panels 
{d)-{e) require random distribution of nodes. The network obtained in panel (e) results from rewiring the network in panel (d) 
as described in the text. 

Eradication Init iat ive because o f its low cost, ease o f 

administration, induction o f mucosal immuni ty , and 

ability to provide secondary protection (i.e. spread 

to contacts). However, OPV can cause vaccine-

associated paralytic poho in rare cases and lead to 

outbreaks w i th cVDPVs in populations w i th large 

numbers o f susceptibles, and consequently fo l lowing 

the successful eradication o f wi ld polioviruses global 

health leaders plan to ehminate the use o f OPV [12]. 

Min imiz ing the risks o f outbreaks w i l l require co­

ordinat ion o f OPV cessation, creation o f a global 

vaccine stockpile, and development o f specific plans 

f o r outbreak response [13, 14]. M a n y countries wiU 

also consider switching f r o m OPV to IPV because i t 

carries no risk o f vaccine-associated pol io paralysis, 

but IPV represents a relatively expensive choice and 

its ability to prevent pohovirus transmission in some 

settings (notably low-income areas wi th relatively 

poor hygiene and inadequate health systems) remains 

uncertain [3, 4]. 

Previous work by two of the authors (R .D .T . and 

K . T . ) developed a differential equation-based (DEB) 

model [9] to explore the dynamics o f pohovirus 

infection outbreaks and response strategies [15]. 

This model yields useful insights, but we recognize 

the opportuni ty to address difl"erent questions using 

a stochastic, individual-based ( IB) (or agent-based) 

modeUing approach that explicitly considers the 

network structure of individuals and the stochastic 

interactions between individuals. 

Previous studies identified the selection o f the 

network structures as a critical assumption [16-22], 

and show that D E B and I B models can yield different 

insights, in part due to the difl'erences in their 

abilities to capture network structures and populat ion 

heterogeneity [22]. I n contrast to the assumption 

o f homogenous mixing in D E B models, I B models 

typically require a network structure that governs the 

interactions o f individuals. Analysts must identify 

links between individuals (nodes in the network) 

that specify 'who acquires infection f r o m w h o m ' 

( W A I F W ) to mimic the interaction patterns o f in ­

dividuals in a real populat ion [23, 24]. 

We identified five major theoretical network struc­

tures in the literature: fu l ly connected, random [25], 

small-world [26], scale-free [27], and all-in-range 

(local) [28]. Figure 1 provides a graphical represen­

tat ion o f example networks f r o m each category. The 

literature also includes examples o f empirical net­

works, which seek to closely mimic individual contact 


