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ABSTRACT: A predictive model of spread and control of rabies in red fox (Vulpes vulpes) populations was used to evaluate efficacy of culling, oral vaccination, and oral vaccination and fertility
control (V1FC) as rabies control strategies. In addition, effects of season, fox population density,
and a delay in starting control were modeled. At fox densities of 0.5 fox families/km2 or greater,
a single oral vaccination campaign with bait uptake rates of less than 50% resulted in ineffective
rabies control. An uptake rate of at least 80% was required to give a better than 80% chance of
eliminating rabies. Vaccination was least effective at controlling rabies if applied 1 or 2 mo before
the foxes gave birth. Seasonal timing of poison or V1FC had little effect on efficacy, which was
always more successful than the oral vaccination alone. The longer the delay between the simulated start of the rabies infection and the application of a single vaccination campaign, the less
successful was the control, particularly at the higher fox densities tested. At a fox density of 0.25
families/km2, all the strategies were equally successful at eliminating rabies. At higher fox densities
V1FC was slightly less successful than culling, whereas vaccination-only was considerably less
successful. The sole use of vaccination is not considered a viable control method for areas with
high fox densities. The model suggests that an area of culling centered on the disease focus, plus
an outer ring of vaccine or V1FC, could be the best strategy to control a point-source wildlife
rabies outbreak.
Key words: Culling, fertility control, rabies control, red fox, vaccination, Vulpes vulpes.

INTRODUCTION

Rabies epizootics can spread over large
areas, and the main wildlife vector of rabies in Europe is the red fox (Vulpes vulpes). Extensive vaccination programs targeting red foxes have reduced the incidence of rabies across Western Europe,
and following discussion (Kennedy et al.,
1998) this has resulted in some relaxation
of the quarantine and pet movement regulations in the United Kingdom (UK; Statutory Instrument, 1999). However there
has recently been a rise in fox populations
in certain areas of Western Europe (Chautan et al., 2000), including urban areas
(Gloor et al., 2001). The successful European vaccination campaigns may have
been the cause of this increase, raising
concerns about the risks of larger and
more intense rabies epizootics which
would be more difficult to eliminate
(Chautan et al., 2000).
The recent foot and mouth disease epizootic in the UK in 2001, 34 yr after the
previous one in 1967, emphasizes the need

to remain vigilant and have contingency
plans to deal with such disease outbreaks,
even though they may only occur once every 30 to 50 yr. Although the last rabies
incidents in dogs imported into the UK
were in 1969 and 1970, the risk of a rabies
outbreak in the UK warrants maintenance
of up-to-date and detailed contingency
plans. Following these rabies cases, the
Ministry of Agriculture Fisheries and
Food (MAFF) set up contingency plans to
address a rabies outbreak in the UK,
which eventually led to the development
of a computer model to simulate disease
spread and control strategies (Smith and
Harris, 1991; Smith, 1995). The current
control policy would involve fox depopulation using poison baits, but allows for the
option of oral vaccination.
New control possibilities are now also
on the horizon—fertility control with immunocontraception. It is also important to
clarify the role that vaccination might play
in the control of a wildlife rabies incident
in the UK. Smith and Cheeseman (2002)
278
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used a differential equation model to investigate culling, vaccination, and vaccination combined with fertility control
(V1FC) for both rabies and bovine tuberculosis. This model showed that vaccination was less successful than culling, and
the lack of success was related to the birth
of rabies-susceptible young in spring. In
this study we used a spatial stochastic
model of fox territories to investigate the
effect of fox population density on a rabies
epizootic, and to compare the three control strategies in a heterogeneous environment.
METHODS
Model construction

A spatial stochastic simulation model of rabies in foxes was used as the background component to produce a PC-based user-friendly
model which would be used in the event of a
real rabies outbreak in the UK (Smith and Harris, 1991). That model was based on an earlier
spatial model by Voigt et al. (1985). Modifications of the model also allowed assessments of
vaccination (Smith, 1995) and more recently,
fertility control. Because a number of significant changes to the model have taken place, an
updated description is included below.
The model was constructed to follow the foxyear with a discrete time interval of 1 mo to
simulate the rabies incubation period in the red
fox (Blancou et al., 1991). The fox population
was simulated spatially using a square grid, and
the health status of each fox was simulated using three categories: healthy, infected with rabies, and immunized against rabies (vaccinated).
The sequence of the model program is summarized by: 1) creation of spatial grid with fox
dens and territories (start of each simulation
only); 2) seeding with fox population (start of
each simulation only); 3) birth and aging (April
only); 4) seeding of rabies (specified month,
once only); 5) culling (specified months following start of rabies); 6) vaccination (specified
months following start of rabies); 7) vaccination
plus fertility control (specified months following start of rabies); 8) natural mortality (every
month); 9) spread of rabies and mortality of
rabid foxes (every month while rabies present);
10) natural dispersal of foxes (every month between October and March); 11) perturbation of
foxes (every month between October and
March); and 12) output of population and disease results (end of each month).
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The model used a spatial grid of 76376
squares, each representing 500 m3500 m, to
allow a 19 km radius for fox-rabies control as
identified in the UK contingency plans. The focus of each fox family was the den. These were
distributed at random on the grid at a specified
density. The maximum fox population density
in the model was four families/km2—one den/
grid square. This grid resolution was considered sufficient as it matched the resolution
used for the urban fox surveys in Britain, and
yielded a reasonable territory shape for the
range of densities tested. Territories were created for each family group by assigning each
grid square to the closest den, and the neighbors of each territory were recorded.
Previous versions of this model created territories by examining unallocated squares at
random, and allocating each to a random
neighboring territory. This had the disadvantage of sometimes producing territories with invaginations projecting some distance between
neighboring territories, with the resulting possibility of rabies jumping large distances with
neighbor-to-neighbor spread. Tests comparing
the two methods of territory formation showed
a 10% difference in vaccination control efficacy.
Since territory tessellation is considered to be
more likely to simulate what happens in the
field, it was chosen as the method for this study.
A list of territories at the edge of the grid
was compiled to determine if and when rabies
reached the edge, since this would denote failure of the control strategy. Relevant spatial barriers to fox movement or contact could be added to the grid, to represent rivers or lakes, although all the simulations in this study were
run without any spatial barriers.
In line with the earlier model (Smith and
Harris, 1991), each family was seeded at the
start of each simulation with one healthy male
and one healthy female fox, plus, with a probability of 0.8 and 0.57 respectively, a second
male and a second female. Of these each had
a 0.47 probability of being juvenile (,1 yr old).
The resulting population has been shown to
maintain a stable density of animals over the
grid in the absence of disease (Smith and Harris, 1991).
At the start of each fox-year (April), each
family that had at least one male and one fertile
female, produced one litter of cubs. Natural infertility rates were retained from the previous
model: 0.23 and 0.34 for adult and juvenile vixens, respectively. If present, an adult fertile female would breed in preference to a juvenile,
but if not, a juvenile was allowed to breed. Litter sizes were based on placental scar counts
(Harris and Smith, 1987). Cubs were produced
stochastically on the basis of an average litter
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size of 4.76 (SD51.53) for an adult vixen, and
4.53 (SD51.54) for a juvenile vixen. Cubs were
classified as male with a probability of 0.55
(Harris and Smith, 1987). All juveniles from the
previous year were considered adults.
Rabies infection was started in the fox population in the first year of each simulation, but
the month of infection could be varied to study
seasonal effects. Seeding was done by infecting
a single fox family at the center of the grid. All
the susceptible (non-vaccinated) foxes in that
family were changed from the healthy category
to the rabies-infected category to ensure that
the disease would not die out immediately due
to random chance.
Control regimes could be applied to simulate
baiting strategies, and could consist of culling
and/or vaccination, though in this study such
combinations were not tested. In all simulations in this study, control was applied within a
circle of 19 km radius around the rabies focal
source. Control could be applied in any
month(s) from the month of initial rabies infection, to 12 mo later, and the control rates
could be varied for each month. In a month
with culling, each fox was given an equal probability of being removed. With vaccination, the
healthy foxes, but not incubating foxes, were
stochastically determined for transfer to the
vaccinated category. Such vaccinated foxes
were immunized against rabies infection, and
there was no vertical transmission of this immunity. The inclusion of immunocontraception
in the bait was also modeled to simulate fertility
control. Where fertility control was used, vaccinated females were classified as non-breeding. If there was an unvaccinated adult or juvenile female in the family, they were given the
chance to breed.
Natural mortality rates were applied each
month, dependent on the sex and age class
(adult or juvenile) of each fox and were based
on rates reported for Bristol, UK (Smith and
Harris, 1991).
Following Smith and Harris (1991) and Voigt
et al. (1985), infected foxes were converted to
infectious (rabid) foxes with a probability of
0.42 and each rabid animal was then allowed
to infect healthy foxes according to specified
contact probabilities (Table 1). These probabilities were dependent on type of contact, time
of year, and size of the rabid fox’s territory to
produce density-dependent values. At high
density, contact probabilities between members
of the same family, and between males and females of neighboring territories in winter, were
set close to unity. At low density, contact probabilities were set much lower, particularly between neighboring territories in spring. We assumed 100% mortality of rabid animals, so in-

TABLE 1. Monthly rabies contact probabilities, as
calculated for a density of four families/km2, as used
in Smith (1995).
Contact

Probability

Within-group contacts
Neighbors in spring
Neighboring juveniles in
spring/summer
Other neighbors in summer
Neighbors in autumn
Males to females in winter
Other neighbors

0.999a
0.122a
0.329a
0.499a
0.255a
0.912b
0.514a

a

These probabilities are assumed to be linearly density dependent, passing through the origin.
b Mating-contact probabilities are assumed to be linearly
density dependent, but with a minimum value of 0.2, following White et al. (1995).

fectious foxes were removed from the population.
Each month from October to March inclusive, juvenile foxes were allowed to disperse according to probabilities dependent on sex and
time of year. The dispersal probabilities and
distances were based on results from a Bristol
study (Smith and Harris, 1991). The dispersal
distances were calculated separately for low,
medium, and high fox density. The direction for
dispersal was determined randomly. Since infected foxes could disperse, this is a mode by
which rabies infection can spread at a rate of
more than one territory per month.
Following each dispersal routine, additional
fox movements into adjacent territories were
permitted to fill vacant territories or those that
contained only foxes of the opposite sex. This
dispersed non-breeding foxes resulting in
paired males and females before the next
breeding season, thus increasing productivity.
As expected, the number of perturbation movements was highest following culling.
At the end of each month, a summary of the
fox population and its health status was produced. After each simulation, the program determined whether rabies had been successfully
eliminated by the control regime applied, or in
the case of no control, whether the disease became epizootic, or disappeared. A rabies case
in an edge territory at any time during a simulation was classed as a control failure, as was
a rabies-infected fox dispersing beyond the
simulation grid. For any given control scenario,
the probability of rabies being eliminated was
calculated from a minimum of 50 simulations,
and used as a standard measure of control success. The average duration of the rabies epizootics was also determined.
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Fox densities were simulated by randomly
adding a variable number of fox family dens to
the spatial grid. Lower fox densities (i.e., 0.15–
0.5 fox families/km2) are typical of rural scenarios, although density may reach 0.9 families/
km2. Higher densities (i.e., 1.0–2.5 fox families/
km2) are more typical of some urban areas in
the UK (Smith, 1989).
The following assumptions are explicit in the
model: 1) foxes live in family groups of between
two and three and a half adult foxes, 2) family
groups are contiguous with each other and
minimize their boundary with neighbors, 3)
home range size can be adequately described
in terms of 25 ha units, 4) the minimum rabies
incubation period in wild foxes approximates 1
mo, 5) the infectious period is instantaneous
compared to the timescale of 1 mo, 6) rabies is
always fatal to foxes, 7) contact rates among
foxes can be approximated by linear density dependence, 8) seasonal births can be adequately
approximated by instantaneous birthing on 31
March each year, and 9) neither culling, nor the
effect of rabies depopulation, produces extraterritorial movements to non-neighboring territories.
The model can be summarized by the following finite rate difference equations to describe
the numbers of adults and juvenile foxes of
each sex. The number of healthy adult males
at a particular spatial location, z, at time t, was
denoted by Ntz. After one monthly step of the
model, the number of healthy adult males was
described by:
N(t11)z 5 Ntz((1 2 mt)(1 2 ct)(1 2 itz)), (1)
where mt was the monthly natural mortality
rate at time t for adult males, ct was the proportion culled at time t, and itz the proportion
which became infected at time t at location z.
The number of infected adult males at time
t11 at location z was denoted by:
I(t11)z 5 Itz((12 mt)(1 2 ct)(1 2p))1 itzNtz, (2)
where p was the proportion of infected animals
that became infectious and died.
For healthy juvenile males, we used the
equation:
M(t11)z 5 Mtz ((1 2 mt )(1 2 ct )(1 2 itz )
3 (1 2 dtz )) 1 Ftz ,

(3)

where dtz was the proportion of animals dispersing from location z, and Ftz the number of
immigrant healthy juvenile males.
For infected juvenile males, we used the
equation:
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J(t11)z 5 Jtz ((1 2 mt )(1 2 ct )(1 2 p)
3 (1 2 dtz )) 1 itz Mtz 1 Gtz ,
(4)
where dtz was the proportion of animals dispersing from location z, and Gtz the number of
immigrant infected juvenile males.
At the beginning of each year, after month
twelve and before month one, all juvenile foxes
became adults, and females were given the opportunity to breed. At this point in time we
used the equations:
Ntz 5 Ntz 1 Mtz ,

(5)

Itz 5 Itz 1 Jtz ,

(6)

Mtz 5 lr,
Jtz 5 0,

and

(7)
(8)

where l was the litter size of any resident
breeding female, and r the proportion of the
litter that was male. Equations (1)–(8) were
also used to describe the female populations.
Fox control

In an actual control campaign, poison, vaccine, or immunocontraceptive would be given
in baits, and hence the rate of control would
be directly dependent on the rate of bait uptake. In rural areas the proportion of the population that take baits is likely to be around 70–
80% (Masson et al., 1999), whereas only about
40% bait uptake is reported in urban areas of
the UK (Trewhella et al., 1991; Baker et al.,
2001). Therefore we simulated a range of vaccination rates to study the effects of bait uptake
on rabies control. We assume, for simplicity,
that only one baiting campaign is undertaken,
and the effect of multiple campaigns performed sequentially is equivalent to a single
campaign of greater magnitude. Throughout,
we define the term bait uptake to mean the
proportion of the population that consume and
are affected by the baits (i.e., become immune,
or die).
In the UK rabies control would be initiated
immediately after rabies is confirmed, so we
looked at the effects of rabies introduction in
different months, using a scenario with a fox
density of 0.5 fox families/km2 and a control
rate of 80% (single campaign). Poison, vaccination, and V1FC were evaluated, with control
being applied 1 mo after the start of the rabies
infection. Only a single control event was simulated, to allow comparison of the strategies.
It is possible that an initial outbreak of rabies
would go undetected for several months (Bacon, 1981), so we investigated the effect of a
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FIGURE 1. Effect of fox density on the probability
of rabies failing to spread in a rural environment in
the absence of control.

delay of up to 12 mo using three different fox
densities: 0.25, 0.5, and 1.0 fox families/km2.
The efficacy of poison, vaccination, and
V1FC was modeled for two different levels of
control (50% and 80%), and the duration of
each successful control was also determined to
ascertain the speed of control.

FIGURE 3. Seasonal effect on the success of three
different control regimes at a fox density of 0.5 families/km2 in a rural environment. Each regime was
simulated for a single application at a rate of 80%, 1
mo after the rabies started.

As fox family density decreases, a critical
threshold density (approximately 0.2) occurs below which rabies fails to become
epizootic (Fig. 1). For oral vaccination,
higher rates of bait uptake increase the
probability of disease elimination (Fig. 2).
However, there was a clear effect of density on control success rate. At low density
(0.25 fox families/km2), a modest 20% uptake is likely to control the disease outbreak. At high density (1.0 fox families/
km2), 80% uptake is required to achieve
the same success. An uptake of 50% had
no effect at the higher density. The above

simulations were performed for rabies introduction in April, and control applied in
May. There was a strong seasonal trend in
the ability to control rabies by vaccination,
as demonstrated for a density of 0.5 fox
families/km2 and an uptake rate of 80%
(Fig. 3). Control with poison and V1FC,
had high probabilities of disease elimination throughout the year with no seasonal
trend. The efficacy of vaccination alone
showed a cyclical pattern, with the best results just after the foxes gave birth. The
poorest results occurred when control was
performed 1 mo before birthing. The size
of this pre-birthing dip in effectiveness is
density related (Fig. 4), with fox densities
above 0.4 families/km2 resulting in a noticeable decline in the effectiveness of vaccination.
Low numbers of infected animals dur-

FIGURE 2. Effects of fox density and control rate
on the efficacy of a single vaccination campaign in
eliminating fox-rabies in a rural environment. Rabies
was started in April and vaccine given in May.

FIGURE 4. Effect of fox density on the success of
oral vaccination applied in January, February, or
March 1 mo after rabies started. The vaccine regime
comprised a single application at a rate of 80%.

RESULTS
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FIGURE 5. Effect of the length of delay between
rabies starting and V1FC being applied on control
success. Rabies was started in April.

ing the start of an epizootic could delay
detection and thus the implementation of
control. For V1FC control at a rate of
80%, a delay of up to 4 mo following rabies introduction in April had little effect
on the overall success rate (Fig. 5). Above
this time limit there is an increasing density dependent effect. For poisoning (not
illustrated), there was no noticeable drop
in success rate until a delay of at least 6
mo. In both these cases the decline in success became steeper during the main dispersal period (November to January). For
vaccination the effect of any delay was
compounded by the seasonal effectiveness
of control.
There is a clear relationship between
method of control, fox density, and success
rate (Fig. 6). Vaccination is consistently
less effective than either poisoning or
V1FC, but this difference is most marked
at higher densities and levels of control. At
a density of 0.25 families/km2, all control
scenarios had a greater than 90% chance
of eliminating the disease. As density increased, the probability of rabies elimination decreased for all controls. Since the
results for a control rate of 50% are lower
than those for the 80% control, control
rate is a more important factor than the
type of control. Notwithstanding this, if we
compare the results for 80% control, culling is consistently the most effective at
eliminating rabies, followed by V1FC.
The vaccination-only control was very sensitive to fox density, with rabies elimination
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FIGURE 6. Probability of eliminating fox-rabies at
varying fox densities and control rates of 50% and
80%, for poison, vaccination, and V1FC. Rabies was
started in August and control was applied in September.

occurring in less than 40% of the simulations at a fox density of 1.0 or higher.
For those simulations where rabies was
eliminated, the time between the application of control and the extinction of disease varied with both fox density and control method (Fig. 7). Culling is consistently
quicker at eliminating rabies than the
V1FC. However, the vaccination-only
control method appears not to be as density dependent, in terms of duration, as the
other two controls. In fact at a density of
1.5 families/km2, when vaccination did
eliminate rabies, it took no longer on average than at a density of 1.0 families/km2.
Individual simulations at the 1.5 density
revealed that if rabies was still present by
the following April (month 12) when the

FIGURE 7. Average duration of rabies epizootics
at varying fox densities and a control rate of 80% for
poison, vaccination, and V1FC. Rabies was started in
August and control was applied in September. Only
those rabies epizootics that were eliminated within
48 mo were used to calculate the average.
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foxes gave birth, rabies was eliminated in
only 8% of simulations with vaccination
alone. Culling resulted in a 20% chance of
immediate disease elimination at this density by severe reduction or complete removal of infected foxes. Thus, where vaccination works, it would eliminate rabies
before new cubs appeared. The arrival of
new cubs represents a large addition of
non-vaccinated and susceptible animals.
Conversely, with the culling and V1FC,
there are many cases (32% and 59% respectively) where rabies lasted beyond the
arrival of the next batch of cubs, yet rabies
was eliminated. The average duration for
the vaccination-only control is thus biased
downwards, particularly at the higher densities, and must be interpreted with caution.
DISCUSSION

A spatially explicit fox population model
is described which can include heterogeneity in territorial size and evaluate different control strategies. This model is incorporated into wildlife rabies control contingency planning for the UK. Outbreaks
would result from a point-source infection,
since rabies is not enzootic in the UK. The
model demonstrated a critical threshold
density of 0.2 fox families/km2. This is
equivalent to 0.4–0.7 foxes/km2, which is
within the commonly reported range of
0.25–1.0 foxes/km2 (Anderson et al., 1981).
Therefore the individual based simulation
model produced results consistent with
simple non-spatial models.
As expected, the existence of a critical
threshold density means that as fox density
increases it becomes harder to control the
disease. The low bait uptake in urban foxes
(40%) indicates that multiple control campaigns would be required in areas supporting higher fox population densities.
The model also suggested that the success of vaccination had a strong seasonal
and density component, with greatest success (similar to that of poisoning or V1FC)
immediately after the cubs were born. In
April, the optimum time of year for sim-

ulated control, vaccination rates of 70–
80% are unlikely to eliminate rabies if the
fox density exceeds 1.0 families/km2 (Fig.
2). In March, the least optimal time for
simulated control, disease elimination becomes unlikely at densities above 0.5 families/km2 (Fig. 4). In the field, bait uptake
by juvenile foxes is less than adults, although it can be increased by targeting
dens (Vuillaume et al., 1998). However,
our model assumed no change in the uptake rate. The reason for this difference
between March and April is the birth of
cubs, which in the model always occurred
on 31 March. However, the birthing period in the field may last over a month
(Lloyd and Englund, 1973), which would
smooth out this transition. Recent evidence also indicates that oral vaccination
of young cubs of vaccinated mothers may
result in an impaired immune response
(Müller et al., 2001). This would result in
a lower peak in April with multiple campaigns. The inclusion of an anti-fertility
agent removed this seasonal effect, but the
impaired immune response of young cubs
would suggest a small decrease in effectiveness between birthing and about eight
weeks of age (early March to late May).
Overall, this suggests that vaccination at
low densities could occur at any time of
year, whereas when fox density exceeds 0.5
families/km2, vaccination around the birthing period should be avoided.
The model showed that a delay of up to
4 mo in starting control should have no
major effect on the ability to eliminate rabies. If rabies were introduced in autumn
and the infection was not discovered for
several months, considerable spread could
occur. Simulations suggest that trying to
control an outbreak of rabies in late winter
or early spring with vaccination alone is a
risky strategy if the disease has been
around for a few months.
The model has shown that culling is
more effective than vaccination for the
control of rabies. This is in agreement with
a generic non-spatial model for wildlife
diseases (Barlow, 1996). Although some
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models conclude that culling is less effective at disease control than vaccination
(Murray et al., 1986), this conclusion is
generally based on the fact that vaccination rates exceed culling rates. However,
our approach assumes that both techniques rely on baits and reach the same
proportion of the fox population.
Comparison of the three types of control indicated promising results for V1FC,
particularly at higher fox population densities. However, the results emphasized
the importance of maximizing bait uptake;
even the most successful culling regime
was poor at the lower control rate for a
high fox density.
For simulations where there was a high
chance of rabies being eliminated, the epizootic duration was shortest for culling,
followed by vaccination and V1FC. Within the constraints of our model we have
demonstrated that failure of vaccination at
high densities is due to the birth of susceptible young, which resulted in densities
well above the critical threshold. When
vaccinated animals were not allowed to reproduce, the success rate approached that
of culling. Culling produced shorter epizootics than V1FC by killing all, or nearly
all, of the infected animals in simulations.
Even at high density, poisoning immediately eliminated rabies in 20% of the simulations; whereas V1FC was never able to
achieve this, thus increasing the mean duration. This latter point may be less important when addressing an established rabies epizootic front, but is important when
the disease is localized to a focal source.
One reason for not using culling to control
density-dependent wildlife diseases is the
expected increase in the animal movements as space becomes available. In order to combat this, culling integrated with
a ring of vaccination was effective in rabies
models (Smith, 1995). In addition, it is being evaluated in Ontario, Canada for raccoon (Procyon lotor) rabies foci with early
promise of success (Rosatte et al., 2001).
Raccoon culling and vaccination are being
performed by trapping, thus the efficacy of
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both is similar. Since the rate of control is
very important, it is not possible to compare culling and vaccination if they are
performed by different means. Culling of
foxes has only controlled rabies spread
where disease was localized, and effort was
intense and persistent, (e.g., Denmark,
Müller, 1971; and Italy, Irsara et al., 1982).
Inconsistent effort probably resulted in the
spread of fox rabies in some parts of
France (Aubert, 1994), as predicted by
modeling (Smith and Harris, 1989). Subsequent vaccination was more efficient and
successful.
We do not suggest that culling takes
precedence over vaccination as a wildlife
disease control strategy, but efficient culling was more effective at high density,
without seasonal disadvantages. However,
we recognize that social acceptability and
non-target species complications associated with poisons frequently hamper the use
of poisons on a broad scale. If the goal is
to eliminate an isolated focal outbreak as
quickly as possible, then culling should be
considered. It should be noted that in
these simulations, failure to control disease
occurred if the disease persisted for 4 yr
or if it spread outside the simulation grid.
For long-term control of enzootic rabies
this definition of failure would not be relevant. Where contraceptives are available,
their inclusion in vaccine bait should be
further investigated.
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