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Abstract

Foot-and-mouth disease (FMD) is a highly contagious disease with significant economic
consequences, for which urgent and rational decisions are essential. It is a great concern
for countries worldwide where livestock industries are important, regardless of the current
FMD status. This thesis addressed the problems in the existing decision support systems

used by the current FMD-free countries, with a particular focus on New Zealand.

Because the exact source of infection is uncertain in the spatially and temporally
concentrated focus of an FMD epidemic, it is challenging to predict the behaviour of
FMD and determine the best control alternatives within a given susceptible population.
The studies proposed a new approach for descriptive spatio-temporal analyses of local
spread patterns, which was applied to the data from the FMD outbreaks in Cumbria (UK,
2001), Miyazaki (Japan, 2010), and Andong (Republic of Korea, 2010). The analyses
identified herd-specific risk factors of local spread: size of a susceptible premises,
infectious premises with pigs and susceptible premises with cattle were positively
associated with hazard of local spread in all the three epidemics. In addition, the adjusted
hazard of local spread varied markedly by outbreak. The UK FMD epidemic in 2001 had
the highest hazard of local spread. The findings highlight the needs of care in
interpolating the local spread probabilities from one epidemic for use of disease modelling

for a different susceptible population.

Detailed investigation of the FMD epidemic in Japan in 2010 illustrated a dynamic change
in the patterns of local spread during the epidemic prior to emergency vaccination,
suggesting contribution of human activities in addition to purely environmental factors to
local spread. A stochastic spatial simulation model, using the local spread parameters
derived from the analyses showed a high predictive accuracy, in terms of demographical,
temporal and spatial patterns of infection. The model indicated that emergency
vaccination played an important role in mitigating potentially unwanted outcomes of an

epidemic, such as disease spread outside the prefecture. In addition, the model predicted



that both epidemiological and economic consequences of the epidemic could have been
reduced by earlier application of vaccination with a smaller vaccination ring for the

epidemic in Japan in 2010.

To enhance contingency planning for FMD, a disease simulation modelling system was
developed, by adding an economic module to the existing FMD simulation model for
New Zealand. The modelling system allowed estimation of the direct and macroeconomic
costs of a simulated FMD epidemic. Analyses of data generated by the disease simulation
modelling system indicated that vaccinate-to-die was economically preferred to stamping-
out alone or vaccinate-to-live, for a simulated FMD epidemic in the Auckland Region
with local spread potential similar to that of the Cumbria outbreak in 2001, which had a
high potential of developing into a large epidemic, indicated by a high density of premises,
a high cumulative number of IPs, or a high estimated dissemination rate, and local spread
patterns similar to Cumbria outbreak (2001). Vaccinate-to-live was economically
suboptimal under the current OIE standard regarding recovery of FMD-free status. The
results were robust to the uncertainty in the resource capacity, vaccination effectiveness,
and the early scale of an epidemic, but sensitive to the choice of vaccination radius. VTL
was always economically suboptimal under the current OIE code, but would be
advantageous if the OIE’s waiting period was shortened by 3 months. Using more refined
parameters, future work is required to investigate other potentially more advantageous

options, such as vaccination applied to specific species or in alternative prioritisation.

The studies presented in this thesis demonstrated that simulation models that
incorporated the current best epidemiological and economic knowledge might enhance
contingency planning and decision making for the management of FMD. Simulation
models could also be used as the quantitative basis of communication with decision
makers and stakeholders, which would then encourage informed discussion around

disease control measures.
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