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SUMMARY

Tuberculosis (TB) in livestock, caused by Mycobacterium bovis, persists in many countries. In the
UK and Ireland, efforts to control TB through culling of badgers (Meles meles), the principal
wildlife host, have failed and there is significant interest in vaccination of badgers as an
alternative or complementary strategy. Using a simulation model, we show that where TB is
self-contained within the badger population and there are no external sources of infection,
limited-duration vaccination at a high level of efficacy can reduce or even eradicate TB from the
badger population. However, where sources of external infection persist, benefits in TB reduction
in badgers can only be achieved by ongoing, annual vaccination. Vaccination is likely to be most
effective as part of an integrated disease management strategy incorporating a number of
different approaches across the entire host community.
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INTRODUCTION

Wildlife hosts for disease are a major contributory
factor to the persistence of disease in livestock
throughout the world. Where wildlife act as reservoirs
for infections or contribute to a multispecies reservoir
community, successful eradication of disease requires
effective control of infection in the wildlife population.
The optimal method for such control is dependent on
the characteristics of both host and the disease. The
most commonly deployed method of disease control
in wildlife populations is to reduce the population to
a level below which the disease cannot persist (the

threshold population), as exemplified by the reduction
of the white-tailed deer (Odocoileus viginianus) popu-
lation in Minnesota to a density which reduced tuber-
culosis (TB) circulation within the population [1].
However, depopulation causes perturbation, which
can change movement patterns in populations, alter-
ing patterns of social interactions [2–5] and potentially
enhancing opportunities for disease transmission at
the individual level.

TB, caused by the bacteria Mycobacterium bovis, is
a persistent and worsening problem in livestock popu-
lations in many parts of the world, including the
majority of European countries where comprehensive
test-and-cull policies have been in place for over
50 years. One of the major reasons for the failure to
eliminate TB from the European cattle population is
thought to be the existence of a substantial wildlife
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host community, based around badgers (Meles meles),
wild boar (Sus scrofa) and red deer (Cervus elaphus),
with different individual species assuming a greater
importance in different parts of the continent [6].
In Britain and Ireland, badgers act as the principal
wildlife host species for TB. Badgers infected with
M. bovis have also been found in continental Europe
(France and Spain) [6, 7], although their role in the
persistence of TB in continental Europe is currently
thought to be as spillover rather than reservoir hosts.

Results of a large-scale field trial in Britain have
shown that for badger culling to be effective in reduc-
ing TB, either in badgers or in cattle, it must be done
at high levels of efficiency (in excess of 70% popu-
lation reduction) and over large areas of land
(141–150 km2) [8]. The UK government is currently
coordinating trials in two pilot areas to determine
whether these levels of culling are achievable [9].
One alternative or complementary approach to wild-
life culling is vaccination. Vaccination has been used
successfully to control various wildlife diseases [10],
and an M. bovis strain bacille Calmette-Guérin
(BCG) vaccine has now been developed and licensed
for use in the UK [10]. Vaccination has the potential
to contribute to the control of TB in badgers in the
UK because it does not cause perturbation of the
badger population and may act synergistically with
culling in helping to reduce levels of disease. The
development of TB vaccines is ongoing, and data on
the effects of these vaccines on the development of
infection at the individual level are starting to emerge
[11–13]. The BCG vaccine is currently being deployed
on wild badger populations in parts of Britain [14],
although this Badger Vaccine Deployment Project
(BVDP) is not being carried out specifically with the
aim of evaluating the benefits of vaccination in reduc-
ing TB in badgers at the population level.

In this paper, we use a spatial stochastic simulation
model to evaluate the likely effectiveness of vacci-
nation at the population level in reducing TB infection
in badgers across a range of population densities, and
hence contribute to an understanding of the require-
ments for a successful vaccination campaign to reduce
or eradicate TB in badgers. Modelling approaches
have been used extensively in the past to examine
TB dynamics and control in wildlife species including
badgers [15–20] and possums [21–23]. Because of the
multispecies nature of the TB host community, in
which some TB spread is likely to occur in the differ-
ent livestock and wildlife components [24], we also
account for some background infection from these

external sources. Specifically, we address three com-
ponents that can influence the success of a vaccination
strategy: (1) the proportion of the population treated
by the vaccine, which incorporates both uptake and
effectiveness (protection) at the individual level; (2)
the duration of any vaccination campaign; and (3)
the potential influence of external sources of infection.

METHODS

The model

We used the spatial simulation model of TB in badger
populations described by Hardstaff et al. [20]. Within
the model, space is represented by a grid of square
cells (12×12), with each cell representing a badger
territory. Within each territory, the numbers of indi-
viduals in each age (cub, yearling, adult), sex (male,
female) and disease state (susceptible, latent, infec-
tious) category can be tracked through time. The
model is stochastic, with progression of disease
between susceptible, latent and infectious states
based on probabilities derived from the literature
[20]. Latency may be defined differently for different
host–disease systems. For TB in badgers, latency is a
state of containment of the infection where there is
an absence of excretion. A badger with latent TB
is therefore in an infected-but-not-infectious state
[25–27]. Badgers pass from a latent to infectious
state in the course of progression of the infection.
Hardstaff et al. [20] included the possibility of infec-
tious badgers reverting to a latent state. However,
the evidence for this is not conclusive, and it was
omitted from the model for the current study. For
each potential transition between disease states, a
random number between 0 and 1 was generated and
the transition occurred if that number was less than
or equal to the specific probability. Transmission of
infection could occur within territories (intra-group
transmission) or between neighbouring territories
(inter-group transmission), where a neighbour was a
contiguous territory either directly to the north, east,
south or west of the focus territory. Data from the
simulations were obtained from the central 10×10
territories only, in order to avoid biases due to edge
effects. Time in the simulation progressed in discrete
iterations corresponding to the four seasons in a
year that were of equal length and therefore of equal
weighting. A second layer to the simulation rep-
resented the habitat quality of each territory in the
form of a carrying capacity, with the link between
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this and badger group size being established through
density-dependent cub mortality [20]. The balance
between fecundity and cub mortality was calibrated
in an initial series of runs under a range of habitat
qualities (equilibrium group sizes of 2–20, represent-
ing the full range of group sizes recorded in
Europe), to establish the parameter values that
maintained the required equilibrium group sizes.
Assumptions within the model were as follows: only
adult females can breed; breeding is unaffected by
disease status; dispersal is by adults and to contiguous
territories only; all cubs are born susceptible to
disease; there is no vertical or pseudo-vertical disease
transmission; and there is homogenous mixing within
social groups.

Susceptible individuals could be vaccinated and
develop immunity to infection, according to a prob-
ability that reflected the proportion of the population
reached and protected by the vaccine. The badger
BCG vaccine has undergone tests in the laboratory
and is currently being deployed in the field in both
Ireland and the UK. Laboratory vaccination tests
and initial results from a field trial have shown a
decrease in the severity of infection following vacci-
nation, evidenced by vaccinated badgers having
lower lesion scores, more restricted distribution of
lesions and lower bacilliary load [11, 28, 29].
Vaccinated badgers are also less likely to be culture
positive [30], less likely to seroconvert [30], and be
less infectious due to reduced excretion of bacilli
[13]. Due to the variation in the badger immune reac-
tion and variable sensitivity and specificity of the diag-
nostic tests, the true efficacy of the vaccine at the
individual level for badgers is difficult to evaluate.
Overall vaccine effectiveness at the population level
is also affected by the proportion of animals that
can be reached by the vaccine. Based on the current
mode of deployment through trapping and inocu-
lation, this is determined by the trapping rate of
badgers, which has been estimated as 35–85% [31]
and 33–68% [32]. Results from the oral bait badger
vaccination study [33] and the BVDP [34] are not
yet available. Because of this uncertainty surrounding
the parameters of vaccination, we took a relatively
simple approach to modelling vaccination. We used
a single probability that incorporated the probability
of an individual being reached by the vaccine (uptake
efficacy) together with the probability of the vaccine
inducing complete (lifelong) protection (protection
efficacy). We used two values for this combined
probability in our simulations: 50% and 80%. For a

vaccination strategy with an overall target of 80%
effectiveness at the population level (80% of the popu-
lation being protected by the vaccine), each individual
would be subjected to a 80% combined probability of
being reached by, or taking up, the vaccine (uptake
efficacy) and being protected by the vaccine (protec-
tion efficacy). Vaccine efficacy referred to hereafter
represents this combined probability of uptake and
protection.

Modelling the different scenarios

Baseline scenarios: long-term, ongoing vaccination

We used the model to establish a baseline for the
maximum potential benefits of vaccination based on
long-term, ongoing vaccination programmes imple-
mented annually, and then compared these against
the relative effectiveness of vaccination programmes
of fixed duration (1, 4, 10 years). Initially, we ran
the model across a range of equilibrium group sizes
from 4 to 12 individuals per group in increments of
two, representing the range of group sizes found in
Europe. The equilibrium group size was identical
across the grid at the start of each simulation. Each
simulation was run for an initial 50 years (200 seasons)
to allow the populations to stabilize according to the
pre-determined equilibrium group size. Then we intro-
duced infection in different ways as described below
and allowed 25 years for the disease dynamics to
stabilize. Vaccination was introduced at this point
and implemented annually for the next 60 years.
Each model configuration was run 50 times to pro-
duce an adequate sample size. We recorded the
following data every ‘summer’ season: group size;
number of empty/filled territories (grid cells); number
of intra-group infections; number of inter-group infec-
tions; number of external infections; and number of
infectious groups.

For baseline scenario 1 (no external infection,
ongoing annual vaccination), TB was introduced in
the form of a single infected badger in a single
group, selected at random. This simulated a popu-
lation with badger-derived infection, for example
from a dispersing infected badger moving into a
TB-naive population. After the period of stabilization
of infection, we introduced vaccination every year at
50% or 80% efficacy. The 80% figure represents a
‘best case’ scenario (e.g. as may be produced by a
combination of 90% uptake efficacy combined with
90% protection efficacy), and 50% represents a more
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realistic situation in the field (e.g. as may be produced
by a combination of 70% uptake efficacy combined
with 70% protection efficacy). For baseline scenario
2 (external infection, ongoing annual vaccination),
simulations were run as described for scenario 1, but
external infection was included as an external trickle
infection with a probability of 0·01 on an annual
basis. This level of external infection was chosen as
it has a significant impact on disease persistence,
especially at low group sizes [20].

Experimental scenarios: fixed-duration vaccination

For experimental scenario 1 (no external infection,
fixed-duration annual vaccination), simulations were
run as described for baseline scenario 1, but vacci-
nation was carried out once each year for periods of
1, 4 and 10 years at 50% or 80% efficacy. For exper-
imental scenario 2 (external infection, fixed-duration
annual vaccination), simulations were run as de-
scribed for baseline scenario 2, but vaccination was
carried out once each year for periods of 1, 4 and
10 years at 50% or 80% efficacy.

Analyses

To compare the overall reduction in prevalence of
annually deployed vaccine, exponential curves and
associated 95% confidence intervals were fitted to
the data to determine which lines were significantly
different from one another. This was undertaken
using R 2.12.2 [35].

Sensitivity analysis

Sensitivity analysis was carried out to determine which
parameters had the greatest influence on disease
prevalence and group size. The sensitivity analysis
took into account the different scenarios used within
the study, covering different efficacies of vaccination
across three equilibrium group sizes 4, 8 and 12. The
results were analysed using boosted regression trees
within the ‘R’ statistical and programming environ-
ment [35], using the gbm package [36]. The results
are shown in full in the online Supplementary
Material.

RESULTS

Baseline scenarios

In the absence of external infection (baseline scenario 1),
the application of annually repeated vaccination over

the full time-span of the model led to a decrease in
prevalence for all group sizes (Fig. 1a, c). Disease
was reduced or eliminated more quickly in smaller
group sizes and with higher vaccine efficacies. For
example, at equilibrium group size n=6, 80% vaccine
efficacy resulted in the elimination of disease within
56 years, compared to 85 years at 50% vaccine
efficacy. In the presence of external infection (baseline
scenario 2), both 50% and 80% vaccine efficacy
reduced prevalence over time (Fig. 1b, d), although
the presence of external infection reduced the rate of
disease reduction. For example, external infection
increased the time taken to reduce prevalence to 1%
at equilibrium group size n=6 with a vaccine efficacy
of 80% from 14 years to 19 years. In the presence of
external infection (baseline scenario 2), disease was
never eliminated, and it was never reduced below
1% for the larger group sizes. Reductions in preva-
lence were significantly lower for a 50% vaccine
efficacy in the presence of external infection (Fig. 1b)
compared to the lower group sizes (k48) for 50% vac-
cine efficacy without external infection (Fig. 1a) and
80% vaccine efficacy with and without external infec-
tion (Fig. 1c, d) and (Fig. 1a), respectively.

Experimental scenarios

In the absence of external infection (experimental
scenario 1), fixed-term annual vaccination prevented
the persistence of disease at the lowest equilibrium
group size considered (n=4), and disease was still rela-
tively unstable for an equilibrium group size n=6
(see online Supplementary Material). The greatest
reduction in prevalence was achieved for small
group sizes and higher vaccine efficacies (Table 1).
Vaccination over periods of 1, 4 or 10 years, for equi-
librium group sizes of 10 and 12 initially reduced
prevalence. However, following the cessation of vacci-
nation, even in the absence of external infection,
prevalence subsequently recovered for equilibrium
group sizes n=10 and 12, remained stable for equili-
brium group size n=8, but did not recover for equili-
brium group sizes n=4 and 6. The tipping point for
disease recovery occurred between equilibrium group
sizes n=8 and 10 (Figs 2a, c, 3a, c).

In the presence of external infection (experimental
scenario 2), at equilibrium group size n=4, the likeli-
hood of disease persistence increased, although dis-
ease still died out in the majority of simulations. At
higher equilibrium group sizes of n56, the dynamics
of infections were more stable. At these equilibrium
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Table 1. The percentage reduction in prevalence achieved under different scenarios with different vaccination
efficacies

Badger equilibrium
group size

Vaccination conditions

Scenario 1 Scenario 2

50% efficacy 80% efficacy 50% efficacy 80% efficacy

1 yr 4 yr 10 yr 1 yr 4 yr 10 yr 1 yr 4 yr 10 yr 1 yr 4 yr 10 yr

4 100·0 100·0 100·0 100·0 100·0 100·0 25·0 52·4 79·0 28·2 61·4 84·8
6 95·5 89·7 99·1 93·6 96·0 98·4 14·6 45·0 70·7 26·7 54·9 82·1
8 45·5 35·3 63·8 24·2 48·3 75·8 14·2 34·0 61·3 21·6 49·2 75·4
10 9·7 31·8 53·6 17·1 41·4 69·7 9·9 30·3 54·1 17·5 41·6 69·8
12 7·2 26·4 46·6 13·6 36·7 63·1 7·9 25·9 48·1 14·0 35·4 62·9

Scenario 1, no external infection and fixed-duration annual vaccination.
Scenario 2, external infection and fixed-duration annual vaccination.
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Fig. 1. Relationship of prevalence with time for equilibrium group sizes of 4–12 subject to ongoing, annually repeated
vaccination. (a) Vaccine efficacy 50%, no external infection; (b) vaccine efficacy 50%, external infection; (c) vaccine
efficacy 80%, no external infection; (d) vaccine efficacy 80%, external infection. Equilibrium group sizes: n=4 (diamonds);
n=6 (squares); n=8 (triangles); n=10 (crosses); n=12 (open circles).
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group sizes, the existence of external infection resulted
in higher equilibrium prevalence in the absence of any
vaccination campaign and reduced considerably the
ability of vaccines to reduce or eliminate disease
(Fig. 2b, d, Table 1). Following cessation of vacci-
nation, the presence of external infection increased
the rate of recovery of the disease, with prevalence
returning to pre-vaccination levels under all con-
ditions of vaccination (Figs 2b, d, 3b, d).

DISCUSSION

A high level of vaccine efficacy (80%, incorporating
both uptake and complete, lifelong protection),
reduces TB prevalence in badgers to lower levels
more rapidly than a lower level of vaccine efficacy
(50%), and is more effective at reducing disease in

larger groups. Vaccination with low efficacy carried
out over a limited time period has some benefits
in reducing disease for lower equilibrium group sizes
of n48. However, at higher equilibrium group sizes
(n=10 and 12), prevalence recovers quickly following
the cessation of vaccination. Recovery of disease
is aided considerably by the presence of external
infection. The impact of external infection on disease
prevalence and recovery following vaccination is
especially significant for the lower group sizes. For
these equilibrium group sizes (n46), the presence of
external infection negates any benefits of fixed-term
vaccination, with disease recovering rapidly following
the cessation of vaccination. Where sources of
external infection persist, benefits in TB reduction in
badgers can only be achieved by ongoing, annual
vaccination.
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Fig. 2. Relationship of prevalence with time for equilibrium group size n=8 for different fixed-term duration vaccination
campaigns. (a) Vaccine efficacy 50%, no external infection; (b) vaccine efficacy 50%, external infection; (c) vaccine efficacy
80%, no external infection; (d) vaccine efficacy 80%, external infection. No vaccination (diamonds); 1-year vaccination
(squares); 4-year vaccination (triangles); 10-year vaccination (crosses).
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The sensitivity analysis showed that for all but
the smallest group sizes, prevalence is affected most
significantly across all group sizes by intra-group
infections and the rate of transfer of individuals
between latent and infectious states. The effect of
vaccination on these parameters will be to reduce
the overall number of individuals entering the infec-
tious state, which will therefore reduce intra-group
infections. Thus, vaccination acts directly on the key
parameters in TB dynamics in badgers. Where vacci-
nation can be maintained annually on an ongoing
basis, these targeted impacts mean it can be extremely
effective in reducing and eliminating TB, although this
may still take some time for populations with larger
group sizes. However, when vaccination is carried
out for only a limited period, especially in larger
group sizes, its constraining effects on these three

key parameters are removed, and the disease can
recover rapidly as a result. External sources of
infection, which help to seed further disease into the
badger population, will exacerbate both these effects,
reducing the effectiveness of vaccination in the first
place and enhancing the recovery of disease following
cessation of vaccination.

Our model assumed that once badgers are vacci-
nated, they are fully protected and cannot become
infected. Recent laboratory-based studies of badger
vaccination have demonstrated that vaccinated bad-
gers can still become infected, although they exhibit
less severe infection and are therefore less likely to
shed bacteria [12, 28, 29]. However, the results from
these studies were a result of experimental challenge,
and it is uncertain to what extent these results are
transferable to wild, free-living badgers. Other wild
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Fig. 3. Relationship of prevalence with time for equilibrium group size n=10 for different fixed-term duration vaccination
campaigns. (a) Vaccine efficacy 50%, no external infection; (b) vaccine efficacy 50%, external infection; (c) vaccine efficacy
80%, no external infection; (d) vaccine efficacy 80%, external infection. No vaccination (diamonds); 1-year vaccination
(squares); 4-year vaccination (triangles); 10-year vaccination (crosses).
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species that act as host for M. bovis, when vaccinated
with BCG and subjected to experimental challenge,
have shown similar partial protection. These species
include possums (Trichosurus vulpecula) [37], ferrets
(Mustela furo) [38] and white-tailed deer (Odocoileus
viginianus) [39]. The way we have incorporated vacci-
nation into our model therefore provides a best-case
scenario, and if the protective effect is only partial,
then the effectiveness of vaccination in reducing TB
in wild badgers will be less than predicted by our
model. This is especially likely to be the case for free-
living badgers, where other stressors will affect
pathogenesis and uptake of vaccine, for example
prior exposure to other environmental bacteria,
which may prevent the vaccination from evoking the
full immune response necessary to develop specific
immunity to M. bovis [40].

In field trials on possums in New Zealand, using a
combination of intranasal aerosol and conjunctival
instillation, a vaccine efficacy of 69% has been
achieved [41], and in a separate trial, using oral vacci-
nation, an efficacy of 87–100% (mean of 95% for
females and 96% for males) at the individual level
was recorded [42]. Thus, once BCG uptake occurs, it
is possible to achieve high levels of efficacy. For
TB control in possums through vaccination, models
have suggested that between 40% and 52% of the
population must be protected at any one time
[21, 22]. To achieve this, and based on 100% vaccine
efficacy at the individual level, annual vaccination
rates of 25–40% are required [21]. A reduction in
efficacy below 100% will lead to a higher requirement
in terms of the proportion of the population needing
to be reached. Thus, although vaccination could eradi-
cate TB in possums, even at relatively modest uptake
rates, Barlow [21] considered it the least effective
alternative when comparing it with culling and
fertility control. In a more recent modelling study,
Ramsey & Efford [23] estimated that vaccination
with an uptake rate of 95% and an efficacy rate of
90% could control a TB outbreak in possums in a
1 km2 outbreak area in 8 years, if a 5·5 km control
buffer was in place around the original outbreak
area. These authors also found that vaccination was
the least cost-effective option for TB control in
possums compared to culling alone or an integrated
strategy involving culling, fertility control and/or vac-
cination. An additional important factor in relation to
possums in New Zealand is that vaccination does
nothing to reduce population densities and may even
lead to population increases [21].

If BCG shows significantly higher efficacy at the
individual level in wild badger populations than in
captive ones, the limiting factor in determining the
effectiveness of BCG vaccination in reducing TB in
badgers will be the uptake rate of the vaccine. In the
UK, as part of a BVDP [14], badgers are being
trapped and vaccinated for 6 years. The results of
our model suggest that, providing a high level of
efficacy can be achieved, this duration of vaccination
may lower TB prevalence in the short term.
However, our results also suggest that, if group sizes
in the area of the BVDP are large, TB levels may
recover again following cessation of vaccination.
Moreover, the reliance of the BVDP on trapping
will act to reduce the net efficacy, because trapping
efficiency for badgers (and hence the vaccine uptake
rate when trapping is the sole method used) varies
between 35% and 85% [43]. It is highly unlikely that
an uptake rate as high as that in possums (95%,
based on aerial baiting [44]) is achievable on a consist-
ent basis for wild badger populations, especially if
vaccine delivery requires trapping. Even with a net
vaccine efficacy of 80%, the higher efficacy used in
the model, low or even moderate trapping efficiency
of badgers may reduce the overall net efficacy in the
BVDP further, towards or below 50%, the lower
efficacy that we modelled. If BCG efficacy in wild
badger populations proves to be as high as has been
observed in possums (95%), and an efficient oral
bait delivery system for a badger vaccine can be devel-
oped so that 585% of the population can be reached,
a net vaccine efficacy of around 80% may be achiev-
able. However, given the current laboratory-based
evidence for badgers and the reliance on trapping
for uptake, a net efficacy (combining uptake and pro-
tection) of 50% may be a more conservative guide.
Our use of overall vaccination efficacies of 50% and
80% lies within the range of likely values for a
trap-and-vaccinate approach based on evidence from
previous field studies, and will be relevant to the
interpretation of the data from the field trials in the
UK and Ireland, as well as for future development
of vaccination strategies.

There are many potential sources of M. bovis for
infecting badgers, both environmental and animal.
M. bovis has been isolated from soil from around bad-
ger setts and latrines [45], and may survive for varying
lengths of time and under a range of conditions in
water and on a variety of feed [46–48]. The vacci-
nation of badgers will aid the reduction of M. bovis
excretion decreasing environmental contamination
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from the population itself (self-perpetuated disease).
Other infected wild species may present a hazard to
badgers from their excretion of M. bovis. In the UK,
infection has been discovered in deer and other species
[49, 50] which are considered to be spillover hosts.
Since the badger may be a source of infection into
these communities, a reduction in disease levels in
the badger population may result in less frequent
infection within the other species populations and
break the disease cycle. However, in countries where
other wild species are presented as reservoirs of
infection, for example wild boar and red deer [51],
these species may act as sources of infection for the
badger population, and the disease-specific benefits
of vaccinating badgers would be much reduced.
Vaccination of livestock rather than wildlife may be
an alternative or complementary future control option
and the efficacy of this is currently being tested
[52–55]. However, under current regulations, vacci-
nation of cattle will not be possible in the EU, unless
tests (DIVA tests) that can distinguish between
immune reactions that originate from a natural
infection rather than those acquired through vacci-
nation, become more practical and widely available
[56, 57].

This work has highlighted the inherent difficulties in
the use of vaccination to reduce diseases such as TB in
wildlife and hence the risks to cattle. For vaccination
to be effective, high levels of the population need to be
reached and protected by the vaccine. Our model has
shown that vaccination alone could be an effective dis-
ease control strategy for TB in higher-density badger
populations only if vaccine efficacies (combining
uptake and effectiveness at the individual level) of
around 80% are reached and vaccine is deployed
annually for long periods. In lower-density badger
populations, vaccination at a lower efficacy can be
effective in reducing the disease, but its effectiveness
is reduced by the presence of external sources of infec-
tion, and this phenomenon is more pronounced at
lower population densities. Vaccination of badgers
may aid the reduction of infection in the host commu-
nity generally, for example reducing spillover of infec-
tion to sympatric species, but effective long-term TB
reduction across an entire wildlife host community is
unlikely to be achievable by vaccination alone, even
where badgers are the sole TB reservoir. Instead,
it will require a complementary suite of control
measures, potentially combining vaccination with
other methods such as culling and fertility control
an integrated strategy, and concurrently targeting

the reduction of TB in both the badgers and other
members of the host-community.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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