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LETTERS
Positive and negative effects of widespread badger
culling on tuberculosis in cattle
Christl A. Donnelly1,2, Rosie Woodroffe2,3, D. R. Cox2,4, F. John Bourne2, C. L. Cheeseman5,
Richard S. Clifton-Hadley6, Gao Wei1, George Gettinby2,7, Peter Gilks1, Helen Jenkins1, W. Thomas Johnston1,
Andrea M. Le Fevre1†, John P. McInerney2,8 & W. Ivan Morrison2,9

Human and livestock diseases can be difficult to control where
infection persists in wildlife populations. For three decades,
European badgers (Meles meles) have been culled by the British
government in a series of attempts to limit the spread of Mycobacterium bovis, the causative agent of bovine tuberculosis (TB),
to cattle1. Despite these efforts, the incidence of TB in cattle has
risen consistently, re-emerging as a primary concern for Britain’s
cattle industry. Recently, badger culling has attracted controversy
because experimental studies have reached contrasting conclusions (albeit using different protocols), with culled areas
showing either markedly reduced2,3 or increased4,5 incidence of
TB in cattle. This has confused attempts to develop a science-based
management policy. Here we use data from a large-scale, randomized field experiment to help resolve these apparent differences.
We show that, as carried out in this experiment, culling reduces
cattle TB incidence in the areas that are culled, but increases
incidence in adjoining areas. These findings are biologically
consistent with previous studies2–5 but will present challenges
for policy development.
Bovine tuberculosis is a zoonotic disease with serious consequences
for Britain’s cattle industry1. The causative agent, Mycobacterium bovis,
has a broad host range, which in Britain includes the European
badger, a widespread but protected wildlife species1. Regular testing
of cattle herds and slaughterhouse surveillance form the main
components of national TB surveillance and control; animals that
test positive for TB are slaughtered and affected herds are placed
under temporary movement restrictions. Similar measures have
eradicated TB in cattle across much of the developed world1. Patterns
of infection in cattle and badgers are closely associated6 and, in
Britain, cattle-based TB controls have been supplemented with
various forms of badger culling1,7,8. Despite these efforts, over
the past two decades substantial increases have been recorded in
both the incidence and geographic extent of cattle infection,
prompting repeated reviews of control options1,9,10.
The development of improved TB control strategies has been
hindered by contrasting findings regarding the effectiveness of
badger culling as a management tool. Two studies in the Republic
of Ireland 2,3 and one in Britain11 have associated substantial
reductions in the incidence of TB in cattle with the near-eradication
of badgers from large areas of land (a total of six areas ranging from
104 to 528 km2). In contrast, a field experiment conducted in Britain
(the randomized badger culling trial or RBCT) indicated higher

cattle TB incidence in nine study areas (each approximately 100 km2)
where badgers were culled locally (average area 5.3 km2 per cull) in
response to specific cattle TB outbreaks (‘reactive’ culling) than in
nearby areas randomly allocated to a no-culling treatment4,5. The
Independent Scientific Group on Cattle TB (ISG, with members
F.J.B., C.A.D., D.R.C., G.G., J.P.M., W.I.M. and R.W.) designed and
oversees the RBCT. The ISG has tentatively suggested4 that this
apparently detrimental effect of localized badger culling might be
generated by the disruption of badgers’ territorial organization at
artificially reduced population densities12–15, potentially influencing
contact rates with cattle. However, neither this explanation nor the
effect itself has been universally accepted9,16.
The RBCT included two culling treatments. Localized ‘reactive’
culling sought to reduce TB risks to cattle while minimizing the
number of badgers culled1,17. ‘Proactive’ culling1,17 involved widespread and repeated culling of badgers across entire trial areas and
was included in order to estimate the maximum reduction in cattle
TB incidence achievable by culling badgers (subject to animal welfare
considerations, non-compliance by land occupiers, and other practical constraints likely to influence the long-term sustainability of a
potential culling policy)17,18. The rates of cattle TB incidents (‘herd
breakdowns’) in culled areas were then compared with rates in
unculled ‘survey-only’ areas1,4,5.
Our analyses reveal that, thus far, the incidence of cattle herd
breakdowns has been 19% lower in proactive trial areas than in
survey-only areas (P ¼ 0.005; 95% confidence interval (CI) 6.2–30%
reduction; Fig. 1a. The CI is conservatively inflated (like all CIs
reported here) to account for any overdispersion). This result was
consistent across ten proactive culling areas, each paired with a
survey-only area (the test for overdispersion was not significant;
P ¼ 0.58). The estimated effect was stronger when measured after the
first follow-up cull rather than the initial cull (23% reduction,
P ¼ 0.008; 95% CI: 6.5–36% reduction). Our analyses revealed no
significant change in the effect of culling on breakdown incidence
over time (see Supplementary Information). The data suggest that
the beneficial effects of culling might increase as one moves deeper
inside trial area boundaries (see Supplementary Information), but
this trend is not consistent. We will continue to examine this
possibility as additional data become available.
We also compared the incidence of cattle herd breakdowns in areas
up to 2 km outside proactive and survey-only trial areas (Fig. 2).
Parallel ecological studies have revealed reduced population densities
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Figure 1 | Effects of badger culling on cattle TB incidence. a, b, Observed
numbers of confirmed breakdowns (after initial culls), plotted against the
numbers of breakdowns predicted with no culling, either inside (a) or
#2 km outside (b) proactive culling areas A–J. Predictions for each
proactive trial area were calculated on the basis of their specific features,
replacing the parameter associated with proactive culling with that for
survey-only (see Supplementary Information). If incidence rates for
proactive areas match those for survey-only areas (after appropriate
adjustments), points should fall on the solid lines. Dashed lines indicate the
differences in incidence actually observed inside (a, total observed, 404; total
predicted, 496.7) and outside (b, total observed, 307; total predicted, 238.4)
trial areas.

and expanded ranging behaviour in badger populations studied up to
2 km outside proactive areas, as well as in reactive areas19. Therefore,
if as hypothesized4, expanded badger movement patterns caused the
increase in cattle TB incidence recorded in reactive areas, we
predicted that a similar pattern would be observed on farms neighbouring proactive trial areas. Analyses revealed a 29% increase in
cattle TB incidence (P ¼ 0.015; 95% CI: 5.0–58% increase; Fig. 1b)
on land neighbouring proactive areas, relative to land neighbouring
survey-only areas. Again, the effect was consistent across proactive/
survey-only pairs (the test for overdispersion was not significant,
P ¼ 0.38), but the estimated increase was smaller when measured
from the first follow-up cull rather than the initial cull (22% increase,
P ¼ 0.15; 95% CI: 6.9% reduction to 59% increase). Again, analyses

Figure 2 | Simplified map of proactive and survey-only areas of triplet A.
Shown are (1) trial areas: proactive trial area (95.7 km2, dark blue),
survey-only trial area (99.4 km2, light blue) and (2) neighbouring areas:
proactive neighbouring area (98.9 km2, yellow), survey-only
neighbouring area (88.0 km2, grey). The boundary of the badger-culling area
(black dashed line) and possible geographical barriers to badger
844

revealed no significant change in the effect of culling on breakdown
incidence over time (see Supplementary Information).
Our results help to resolve apparently contrasting findings from
previous studies of badger culling. The 19% reduction in cattle TB
incidence observed inside proactive culling areas can be compared
with reductions detected, on similar timescales, by two previous
studies of widespread culling in Ireland (26% reduction3 and 58%
reduction (95% CI: 41–70%)2; see Supplementary Information for
details; the different design of a third study11 (in Britain) precluded
direct comparison). One explanation for the greater beneficial effect
of culling in the Irish studies is that greater reductions in badger
density may have been achieved, both because land occupier compliance was higher2 and because the culling method (snaring2,3) was
probably more efficient than that used in the RBCT (although
arguably less publicly acceptable, being perceived as less humane).
None of the three previous studies has investigated effects of culling
on neighbouring areas. However, in two of these studies2,11 we would
expect such effects to be weak because culled areas were isolated from
neighbouring cattle and badger populations by coastline, rivers or
motorways.
Our results are also consistent with findings from the reactive
culling treatment of the RBCT. The 29% increase in TB risk that we
recorded among cattle herds living close to (but outside) proactive
trial areas is similar to the 25% (95% CI: 2.6–52%) increase recorded
in reactive areas5. This similarity would be expected if proximity to
badger culling increases TB risks for cattle (whatever the mechanism)
because, in reactive culling areas, small-scale culls were scattered
across the landscape, placing a high proportion of herds close to one
or more culled areas. The mechanism by which proximity to badger
culling may influence cattle TB risks is uncertain. However, the
ecological patterns observed are consistent with the hypothesis that
culling affects the probability of contact between infected badgers
and cattle herds, because badgers range more widely when their
densities are artificially reduced12–15,19. Such disruption would be
expected to occur throughout the period of a culling strategy, for in
the absence of substantial geographic barriers, badgers continue to
immigrate into culling areas3. However, contacts with cattle might
be particularly frequent at the onset of culling, when territorial

movement (red lines) are also shown. Portions of the neighbouring areas
overlapping with the neighbouring areas of other nearby trial areas (not
shown) account for 4.6 km2 of the proactive neighbouring area and
14.9 km2 of the survey-only neighbouring area, and are denoted by diagonal
hatching.
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organization is disrupted but badger population densities may still be
comparatively high.
Our finding that widespread culling of badgers has simultaneous
positive and negative effects on the incidence of TB in cattle has
important implications for the development of sustainable control
policies. We would expect the overall reduction in cattle TB to
be greatest for very large culling areas (with consequently lower
perimeter:area ratios), although in absolute terms the costs, as well as
the benefits, will be greatest for large areas. Detailed consideration is
needed to determine whether culling on any particular scale would be
economically and environmentally sustainable.
METHODS
Trial design. Thirty trial areas were recruited sequentially as ten matched
‘triplets’ denoted A–J4. Trial areas were selected on the basis of high cattle TB
incidence. Attempts were made to place trial area boundaries along geographic
features that might impede badger movement (for example, coastline, rivers or
major roads; Fig. 2), but in most cases this was impossible and trial area
boundaries mainly followed property boundaries. Neighbouring trial areas
were separated by buffer zones at least 3-km wide. All trial areas were surveyed
for badger activity and then randomly allocated to treatments (except in triplet I,
for which security concerns directed a specific allocation) such that each
treatment—proactive culling, reactive culling, or no culling (‘survey only’)—
was repeated ten times, once within each triplet.
Immediately after treatment allocation, initial proactive culls were conducted
on all land for which consent was given10 (see Supplementary Information). In
the absence of geographical barriers, the boundaries of the area to be culled were
delineated (beyond trial area boundaries as necessary; Fig. 2) using field survey
data to ensure that culling targeted all badgers likely to use farms inside the trial
areas. The method used20 provides a good estimate of the disposition of badger
home ranges when based on good survey data21.
Badgers were captured in cage traps placed primarily at setts; details of culling
protocols have been published previously14. No trapping occurred between 1
February and 30 April each year, to avoid killing mothers with dependent cubs
below ground22. Few badgers sustained trap-related injuries23, and badger killing
(by gunshot) was deemed ‘humane’ by independent audit24. Initial culls for each
proactive trial area were completed between December 1998 and December
2002. ‘Follow-up’ culls were repeated approximately annually (dates in Supplementary Information). Field surveys showed that badger activity in trial areas
changed according to the treatment applied19,25, providing no evidence that
treatment comparisons were substantially compromised by illegal culling in
survey-only areas.
Once the initial proactive cull was complete, data were collected on cattle TB
incidence in and around trial areas, using established veterinary surveillance (see
Supplementary Information). Data were available until 4 September 2005, and
consisted of accrued totals from 46.6 ‘triplet years’ since initial proactive culls
and 34.1 ‘triplet years’ since first follow-up culls (where a ‘triplet year’ is one
triplet observed for 12 consecutive months).
Statistical analysis. We used log–linear Poisson regression to compare the
numbers of confirmed breakdowns recorded in trial areas subjected to the
proactive and survey-only treatments. As in previous analyses4,5, the regression
models adjusted for triplet, the log of the number of baseline herds at risk, and
the log of the number of confirmed breakdowns recorded in a three year period
before RBCT culling (other time periods investigated are presented in the
Supplementary Information). Primary analyses included all breakdowns since
completion of the initial proactive cull, but we also performed secondary
analyses investigating incidence recorded after completion of the first followup cull. We performed these secondary analyses for two reasons. First, some
breakdowns early in the trial could represent infections acquired (but not
detected) before culling began. This could make treatments appear more similar,
leading to underestimation of effects; excluding data before the first follow-up
cull avoided this potential problem. Second, badger capture rates (see Supplementary Information) suggested that a higher level of badger removal was
achieved after the first follow-up cull. Excluding earlier data therefore indicated
the maximum potential benefits of culling inside trial areas, but also risked
underestimating any detrimental effects in neighbouring areas, which were
expected to be greatest immediately after initial culls.
Cattle herd locations from the animal health information system VETNET
were used to identify herds inside trial areas. Parallel analyses were performed
using the RBCT database to identify herd locations; the results obtained were
similar but less consistent (see Supplementary Information). Herds up to 2 km
outside trial area boundaries could be identified comprehensively only using

VETNET, because the RBCT database did not include all farms on neighbouring
land. Any herds within 2 km of more than one trial area boundary (whether
proactive, reactive or survey-only) were omitted from these analyses (Fig. 2).
Analyses based on VETNET herd locations include 2,810 herds inside trial areas
and 2,163 herds in neighbouring areas.
We sought evidence that the effects of proactive culling were systematically
influenced by particular circumstances of local cattle and badger populations,
land occupier consent, time since enrolment in the RBCT, and the geographic
isolation of trial areas, by investigating interactions of these measures with
treatment effects. No such differences were detected in the analyses of confirmed
breakdowns (see Supplementary Information).
Models were also fitted replacing the log of the number of baseline herds at
risk with either the log of the estimated number of cattle at baseline, the log of the
number of tests conducted, or the log of the estimated number of cattle tested,
and varying the time period over which past incidence was calculated. The
results obtained were similar in each case (see Supplementary Information).
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