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Five stages of a policy cycle 

• Problem recognition Agenda setting 

• Proposal of solution Policy formulation 

• Choice of solution Decision-making 

• Putting solution into effect Policy implementation 

• Monitoring results Policy evaluation 

Howlett & Ramesh, Studying public policy: Policy cycles and policy subsystems, 1995 
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Clemen and Reilly, Making hard decisions, 2002. 



Main purposes of 

infectious disease modeling 

• To understand fundamental driving forces of disease 

ecology and epidemiology 

• To measure epidemiological parameters that cannot 

be directly measured with field or laboratory data 

• To make predictions of future disease incidence 

under specified conditions 

• To forecast impact of different prevention/control 

measures and their combination 

Adapted from: WHO-VMI Dengue Vaccine Modeling 

Group, PLoS Negl Trop Dis 2012, 6:e1450 



Classical Ross-Macdonald model 

for malaria transmission (1) 



R0 = 
m a2 b c 

γ μ 
exp-μτ 

Classical Ross-Macdonald model 

for malaria transmission (2) 

Description of model parameters 

m: Number of female mosquitoes per human host 

a: Number of bites per mosquito per unit time 

b: Probability of transmission of infection from infectious mosquitoes to 

humans per bite 

c: Probability of transmission of infection from infectious humans to 

mosquitoes per bite 

μ: Death rate of mosquitoes 

γ: Recovery rate of humans 

τ: Extrinsic incubation period 



“The ‘Ross-Macdonald’ model has played the 

classical role of a scientific theory; it is a 

deliberately simplified set of concepts that 

serves as a basis for studying mosquito-borne 

pathogen transmission. Like other theories, it 

has formed the starting point for a dialogue 

about methods, for defining what should be 

emphasized and measured, and for building 

new models of mosquito-borne disease 

transmission.” 

Smith et al., PLoS Pathog 2012, 8:e1002588 



Published deterministic models for 

dengue transmission, 1992–2011 

Andraud et al., PLoS ONE 2012, 7:e49085 

389 articles screened, 

42 included in analysis 



Structural characteristics of published 

dengue deterministic models, 1992–2011 

Andraud et al., PLoS ONE 2012, 7:e49085 



http://www.vaccinemodeling.org/ 



WHO-VMI Dengue Vaccine Modeling Group, PLoS Negl Trop Dis 2012, 6:e1450 



Simulation of dengue control with 

vaccine in a Thai locality 

Chao et al., PLoS Negl Trop Dis 2012, 6:e1876 

A Natural history B Human population density 

C Human movement D Vector movement 



Simulated impact of dengue vaccination 

in a Thai locality, by vaccinated age group 

Chao et al., PLoS Negl Trop Dis 2012, 6:e1876 

Age groups (years) 



Simulated effects of vaccination during 

first 6 months of Haitian cholera outbreak 

Chao et al., Proc Natl Acad Sci USA 2011, 108:7081–7085 



Final considerations 

• Modeling can be a key input to structured 

decision-making 

• Several initiatives on dengue modeling (e.g., 

WHO-VMI, DVI) are ongoing 

• Researchers drive current development and 

decision-makers are largely not involved 

– Focus on simulation rather than model 

structure; variability and uncertainty mixed 

– Unrealistic assumptions and scenarios 

– Sensitivity analyses not always done 



WHO-VMI Dengue Vaccine Modeling 

Group: 2014 plans 

• Consensus meeting on dengue vaccine impact 

modelling planned for last quarter of 2014 

– Sharing of best practices by vaccine and vector 

control modelers 

– Discussion and consensus on key parameters, 

assumptions and key public health outcomes 

• Comparative review of models is on hold because 

most modeling groups associated with only one 

vaccine developer 



Possible PAHO role 

• Outline role of modeling within decision-making 

process 

• Forster conjoint work of modelers and decision-

makers 

– Reasonable assumptions and realistic scenarios 

– Centered on affordability and long-term 

sustainability 

• Stimulate models that integrate vaccination and 

vector control as complementary measures (not 

mutually exclusive) 




