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Assess the potential epidemiological and economic impacts associated
with capacity constraints on the availability of FMD vaccines, with
application to Scotland.

Materials and methods

We used an epidemiological simulation model (Porphyre et al. 2013)
to consider different scenarios of capacity constraints and their effects
on disease evolution and direct costs. Based on an initial seeding of
five infected premises (IPs) in a high risk area for disease spread, we
examined the distribution of cases and costs associated with various
capacity and restocking scenarios. An important implication of the
analysis concerns the trade-offs between the optimal level of vaccine
stocks pre-outbreak and the ability to obtain more during an outbreak.
In the model, farms pass through four epidemiological states:
susceptible; infected but not infectious; infectious; or reported infected
and thereby culled.The model assumes that each ith premise would be
infected with a daily probability depending on its own susceptibility Si
and on the transmissibility Tj of the surrounding j premises. For the n
premises involved in the study population, each ith premise has a daily
probability Mi to be infected such as
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Figure 4: Distribution of the direct economic cost comparing when either
vaccination was implemented or not and when the initial stock of vaccine is
limited to 100,000 doses (left panel) or 500,000 doses (right panel) and
restocking demand has been triggered. Each panel shows these distributions for
various scenario of delays (in days) for re-stocking (rows) and of the threshold (in
proportion of initial stock) initiating the demand of new stock (column).
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Figure 1: Changes in epidemic outcomes when either vaccination is not
implemented or is implemented based on an initial vaccine stock that varies
between 0.1 and 5.0 million doses.
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Figure 2: Changes in the economic cost borne by each sector when either
vaccination is implemented or not, and when the size of the vaccine stock at the
start of the epidemic varies between 0.1 and 5 million doses.
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• Model results highlight that large volumes of vaccine stocks are
generally not marginally beneficial – maintaining smaller
volumes has similar impacts as keeping larger ones, although
the variability associated with disease outbreaks is lower with
larger stores.
• Where vaccination is chosen as a strategy for FMD, one
should be conscious of the availability and ability to draw from
existing FMD stocks. In outbreak situations that are not confined
to Scotland, the ability of obtaining vaccines from other UK or
EU sources could be limited. As model results show that delays
in vaccine deployment matter, keeping the “optimal” amount of
vaccine in store matters.
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• At the same time, while maintaining high initial levels of stocks
reduces the duration and economic cost associated with an
outbreak relative to no vaccination, one needs to consider the
opportunity cost with maintaining large vaccine inventories,
which could be sizable and require continual, expensive
replenishing.
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Figure 5: Changes in the economic cost borne by each sector when either
vaccination is implemented or not, and when either vaccination was
implemented or not and when the initial stock of vaccine is limited to 100,000
doses and restocking demand has been triggered. The x-axis panel shows these
distributions for scenarios increasing the number of days in which re-stocking is
delayed.

Table 1: Breakdown of economic costs by group
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where Si and Tj depend on the species (i.e. cattle and sheep) and on
the related herd size present on premises. The component K(dij) is the
so-called “transmission kernel function” and determines the scaling
factor on the rate at which an infected premise may infect susceptible
ones as a function of inter-farm distance dij.
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• When initial stocks are small (e.g. 100 000 doses), large delays in
restocking are of particular importance. Delays of over 56 days in
restocking nearly doubled the average disease outbreak duration,
rapidly increasing the direct costs of control. These costs are
particularly due to prolonged movement restrictions, leading to
high withholding costs, and higher likelihood of having to cull
animals for welfare reasons.
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• However, the variability of epidemiological and economic outcomes
of an outbreak is steadily reduced (compared to a scenario of no
vaccination) as the level of vaccine stocks starts to exceed 500,000
doses (see figure 3 for differences in economic costs for different
levels of vaccine stocks).
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• When there is no restocking of vaccine, a stock of 200,000 doses
would be sufficient to maximize the relative benefit of vaccination,
both from an epidemiological standpoint (figure 1) and an
economic standpoint (figure 2).

n

Epidemiological parameters were fed into an economic module that
computed the direct costs associated with an FMD outbreak and
control scenario. We separated these direct costs into those paid by
individual farmers, the livestock industry as a whole, and the
government (see table 1). Indirect costs were not computed in the
analysis.
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• Past research (Webby and Webster 2003; Peiris et al. 2007;
Tildesley et al. 2006; Kobayashi et a. 2007; Ward et al. 2009) has
not explicitly examined or endogenized these impacts within an
epidemiological-economic framework.
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• An overlooked area of inquiry in terms of the epidemiological and
economic impacts of vaccination concerns capacity constraints
associated with vaccination: what happens if stocks are limited or
delays exist in obtaining new supplies?

A total of 10,000 incursion events of foot-and-mouth disease were
generated from the same farms in Ayrshire, Scotland. All epidemics
were initiated identically, corresponding to a single incursion event and
its silent spread to four other farms. Disease control activities are
enforced once one of the five infected farms has been detected as
infected Our simulations were designed to generate extremely large
epidemics, so results are valid for scenarios in which large epidemics
are likely. We also assumed that the implementation of vaccination in
the field is carried out 7 days after first detection.
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• Recent research (Porphyre et al. 2013) has examined the
epidemiological and economic impacts in Scotland of disease
control strategies that include 'vaccination to live'. Vaccination
appears mainly beneficial for large outbreaks, and hence the
benefits depend on where an outbreak starts;
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• When outbreaks of foot and mouth disease occur in Europe, in
addition to culling animals that are known or suspected to be
infected, known as "stamping out", vaccination can also be used;
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Figure 3: Distribution of the economic costs for foot and mouth epidemics
generated by 10 000 model runs, seeded with 5 IPs in Ayrshire. Each panel
shows these distributions when the size of the vaccine stock at the start of the
epidemic is (A) 0.1, (B) 0.2, (C) 0.3, (D) 0.5, (E) 1 and (F) 5 million doses.
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