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Human and livestock diseases can be difficult to control where
infection persists in wildlife populations. In Britain, European
badgers (Meles meles) are implicated in transmitting Mycobacte-
rium bovis, the causative agent of bovine tuberculosis (TB), to
cattle. Badger culling has therefore been a component of British TB
control policy for many years. However, large-scale field trials have
recently shown that badger culling has the capacity to cause both
increases and decreases in cattle TB incidence. Here, we show that
repeated badger culling in the same area is associated with
increasing prevalence of M. bovis infection in badgers, especially
where landscape features allow badgers from neighboring land to
recolonize culled areas. This impact on prevalence in badgers might
reduce the beneficial effects of culling on cattle TB incidence, and
could contribute to the detrimental effects that have been ob-
served. Additionally, we show that suspension of cattle TB controls
during a nationwide epidemic of foot and mouth disease, which
substantially delayed removal of TB-affected cattle, was associated
with a widespread increase in the prevalence of M. bovis infection
in badgers. This pattern suggests that infection may be transmitted
from cattle to badgers, as well as vice versa. Clearly, disease
control measures aimed at either host species may have unin-
tended consequences for transmission, both within and between
species. Our findings highlight the need for policymakers to
consider multiple transmission routes when managing multihost
pathogens.
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M any pathogens that can influence human and domestic
animal health are sustained in wildlife populations (1).
Mpycobacterium bovis, the causative agent of bovine tuberculosis
(TB), is one such pathogen. In Britain, testing and slaughter of
infected cattle eradicated the infection in many areas, but control
was not achieved where populations of European badgers (Meles
meles), widespread but protected wild animals, sustain endemic
infection (2). Between 1975 and 1997, >20,000 badgers were
culled by the British government in a series of attempts to limit
TB transmission to cattle (2). Nevertheless, the national inci-
dence of cattle TB has been increasing since the 1980s (2).

A large-scale field trial, the Randomised Badger Culling Trial
(RBCT), recently showed that although culling badgers reduced
cattle TB incidence where widespread (100 km?) culling oc-
curred, incidence was increased on neighboring unculled lands
(3) and in areas where culling was restricted to small patches of
land (average, 5.3 km?) (4). These detrimental effects of badger
culling were attributed to disruption of badgers’ territorial
organization and expansion of ranging behavior, which were
documented in and around culling areas. This social perturba-
tion potentially increased contact with cattle (5), but is likely to
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have also influenced contact rates within the badger population
(5, 6). Whereas epidemiological models usually assume that
depressing host population density will reduce disease transmis-
sion through lower contact rates, social perturbation could lead
badger culling to generate only small reductions, or even in-
creases, in rates of disease transmission, with concomitant
effects on infection prevalence (7). Such effects could be par-
ticularly marked where repeated culling and continued immi-
gration prevent reestablishment of a stable spatial organization
(6, 8).

Substantial interannual variation in prevalence has been ob-
served in the absence of culling (9), and it is therefore important
to distinguish hypothetical culling effects from other factors that
could influence TB dynamics in badgers, such as the local
prevalence of infection in cattle. However, even though patterns
of M. bovis infection in cattle and badgers are associated in space
(10), distinguishing badger-to-cattle transmission of infection,
which has been demonstrated experimentally (3, 4, 11), from
cattle-to-badger transmission is problematic in observational
studies, especially where badgers are being sampled destruc-
tively. While the RBCT was in progress, measures to control a
nationwide epidemic of foot-and-mouth disease (FMD) led to a
9-month suspension of routine cattle TB testing (12). This
suspension delayed the removal of M. bovis-infected cattle (Fig.
la), increasing the potential for spread among cattle (13), and
offering an opportunity to assess the risks of transmission to
badgers.

We used statistical models to investigate the effects of badger
culling and cattle controls on the prevalence of M. bovis infection
in badgers. We predicted that prevalence would be higher: (i) in
areas that had been culled repeatedly; (if) where geographical
features allowed badgers to recolonize culled areas, promoting
social perturbation and hence elevating contact rates; and (iii)
when removal of infected cattle had been delayed by suspension
of cattle testing. We also investigated an alternative hypothesis
that interannual variation in prevalence was related to climate.
Weather conditions have been linked to both geographical (14)
and temporal (15) variation in cattle TB, as well as to badger
population dynamics (16) and could plausibly influence TB
dynamics in badgers. The North Atlantic Oscillation (NAO) is a
major determinant of weather conditions in Western Europe and
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