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18 June 2007

Dear Secretary of State,

FINAL REPORT OF THE INDEPENDENT SCIENTIFIC GROUP ON
CATTLETB

I have pleasure in enclosing the final Report of the Independent Scientific Group on Cattle
TB (ISG). After nearly a decade’s work, | believe that the ISG has fulfilled its original
objective and can now provide you with a comprehensive picture of TB epidemiology
in cattle and badgers. Further research will doubtless improve the knowledge base, but
| believe that the work described in this Report will allow you to develop future policies
based on sound science.

The I1SG’ work — most of which has already been published in peer-reviewed scientific
journals — has reached two key conclusions. First, while badgers are clearly a source of
cattle TB, careful evaluation of our own and others’ data indicates that badger culling can
make no meaningful contribution to cattle TB control in Britain. Indeed, some policies under
consideration are likely to make matters worse rather than better. Second, weaknesses in
cattle testing regimes mean that cattle themselves contribute significantly to the persistence
and spread of disease in all areas where TB occurs, and in some parts of Britain are likely
to be the main source of infection. Scientific findings indicate that the rising incidence of
disease can be reversed, and geographical spread contained, by the rigid application of
cattle-based control measures alone.

Our Report provides advice on the need for Defra to develop disease control strategies, based
on scientific findings. Implementation of such strategies will require Defra to institute more
effective operational structures, and the farming and veterinary communities to accept the
scientific findings. If this can be achieved, the ISG is confident that the measures outlined
in this Report will greatly improve TB control in Britain.

The I1SG remains grateful to you and your colleagues for your continued support and
encouragement to see our work brought to a successful conclusion.

Yours sincerely,

F J BOURNE
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Q) CHAIRMAN’S OVERVIEW

1. Bovine TB is a serious infectious disease of cattle. It has public health implications,
has major economic consequences for Government and the farming industry, and causes
distress to farmers and their families.

2. From the outset of our work we recognised that controlling cattle TB would require
a broad understanding of the complex issues involved in the epidemiology of the disease
in both cattle and badgers. Control policies adopted since the 1970s have failed, and a new
approach is clearly needed.

3. Believing that future control policies would need to be multidisciplinary, we
identified the need for reliable scientific evidence on the contribution that badger culling
could make to the control of cattle TB, as well as on the potential for improving cattle-
based controls. Meeting these needs required a broad but sound scientific base, which up
to now has been lacking. After nearly a decade’s work, we believe that we have fulfilled
our original aims and are now able to provide a comprehensive appreciation of the overall
problem; this report reflects this wide-ranging approach. Our findings have been surprising
— and occasionally unwelcome — to some, but they are biologically consistent with one
another and with the results of other studies conducted in Britain and overseas.

4. In accordance with good scientific practice, we have worked to clear protocols and
prioritised publishing our findings in leading peer reviewed scientific journals. Our practice
has been to concurrently release all relevant data in order that a full assessment of our work
could be made by any interested member of the scientific community. All aspects of the
Randomised Badger Culling Trial (RBCT), including field work, data handling, and data
analysis, were subjected to an ongoing audit independently of ourselves and of Defra. All
audit reports have been published (see Appendix E for details).

5. Implementation of the RBCT progressed mostly as was anticipated in our early
reports, apart from the interruption of field operations because of the foot-and-mouth
disease epidemic in 2001. Although this did not affect the trial conclusions it did delay
the completion of the work. The numbers and proportions of badgers removed were
consistent with our published predictions. Analyses revealed no evidence that interference
or noncompliance with field activities materially influenced the outcome of the trial.
Ultimately, the RBCT provided estimates of the effect of badger culling on cattle TB at
the level of precision predicted by initial sample size calculations and in the predicted time
frame of 50 triplet-years.

6. Reactive culling was included in the RBCT as the most likely future policy option, being
both logistically and politically implementable. However, RBCT results showed that reactive
culling increased, rather than reduced, the incidence of TB in cattle, making this unacceptable
as a future policy option. The failure of reactive culling to control cattle TB appears to be an
outcome of complex badger ecology and behaviour linked to the social disturbance of badgers
brought about by culling. These matters are fully discussed in the report, and may help to
explain the failure of past badger culling policies to control cattle TB.

7. As expected, proactive culling reduced TB incidence in cattle in culled areas.
However, as described in the report, this beneficial effect on cattle breakdowns was offset
by an increased incidence of the disease in surrounding un-culled areas. As in reactive
areas, this detrimental effect appears to reflect culling-induced changes in badger ecology
and behaviour. We have given careful consideration to culling approaches that might be
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adopted that would overcome the detrimental effects of altered badger social behaviour, but
we conclude that this is not achievable on any useful or practicable scale.

8. The results of the RBCT are consistent with those from similar studies carried
out elsewhere, notably in the Republic of Ireland. While the ‘Four Areas Trial’ in the
Republic has received particular attention for having reported greater reductions in cattle
TB incidence than were apparent in the RBCT, we have advised Ministers that the claim
that these findings could be replicated in GB are unsubstantiated and must be treated with
considerable caution. The Four Areas Trial differed from the RBCT in a multitude of ways,
including trial objectives, trial design, farming practice, environmental conditions, badger
ecology, capture methods, and social attitudes (particularly towards badger welfare);
these differences help to explain the differing conclusions drawn from the two studies and
mean that conclusions drawn from the Four Areas Trial cannot be extrapolated to Britain.
Further, while the medium term culling strategy in the Republic is to eliminate, or virtually
eliminate, badgers from 30% of the land mass, the 1ISG was directed by Ministers at the
outset of the RBCT that the elimination of badgers from large tracts of the countryside was
politically unacceptable, and that badger welfare issues must be taken into account.

9. After careful consideration of all the RBCT and other data presented in this report,
including an economic assessment, we conclude that badger culling cannot meaningfully
contribute to the future control of cattle TB in Britain.

10.  The research programme on cattle pathogenesis, implemented in parallel with
the RBCT, has been particularly rewarding and informative in providing the basis for
more effective future control policies, as is reflected in the report. Studies have shown
that a number of undiagnosed, TB-infected, cattle frequently remain following tuberculin
testing, particularly in some heavily infected herds. This has serious implications for the
maintenance and persistence of disease in infected herds, and for the spread of the disease
to neighbouring herds and to other parts of the country. Improving ability to diagnose M.
bovis infection in cattle is crucial if future control policies are to succeed. In this respect, the
value of the interferon-y (IFN) test to complement the tuberculin skin test in some situations
has been clearly established. Although some concerns have been expressed about the
sensitivity and specificity of the IFN test, work described in this report show such concerns
to be unwarranted.

11. Defra has recently tightened its TB control measures by the introduction of
compulsory pre-movement testing and more rigid adherence to planned testing intervals.
While this necessary development must be welcomed, we advise that further and stronger
measures are needed. Priority should be given to the adoption of wider strategic use of
the IFN test, and enhanced control of cattle movement. We advise that the highest priority
should be given to avoiding further geographical spread of the disease, but consider that
elimination in high disease incidence areas is realistic only in the very long term. We
recommend that control measures adopted in these areas, while continuing to bear down on
the level of herd breakdowns, be proportionate to allow farms to continue trading, even if
not definitively clear of infection. Efforts in these high risk areas should focus in particular
on the prompt and effective detection of positive animals and on rigorous movement testing
with the objective of achieving a major reduction in incidence.

12.  Our results indicate that while badgers contribute significantly to the disease in
cattle, cattle-to-cattle transmission is also very important in high incidence areas and is

14



the main cause of disease spread to new areas. The key aspects of reducing cattle-to-cattle
transmission are improved surveillance through more reliable, and possibly more frequent,
testing and control measures limiting spread through the movement of cattle between herds.
This is consistent with data from cattle pathogenesis and field studies. Our modeling work
indicates that implementation of cattle control measures outlined in this report are, in the
absence of badger culling, likely to reverse the increasing trend in cattle disease incidence
that has been a feature in GB for decades. It is also possible that more effective cattle
controls will lead to a decline of the disease in badgers, although the timescale for this is
likely to be slow.

13.  The ISG recognises the difficulties faced by Government in implementing control
strategies without full industry cooperation. It is unfortunate that agricultural and veterinary
leaders continue to believe, in spite of overwhelming scientific evidence to the contrary,
that the main approach to cattle TB control must involve some form of badger population
control. It is our hope that Defra will embrace new scientific findings, and communicate
these to stakeholders in ways that encourage acceptance and participation.

14.  We also hope that Defra will expand the role of scientists and other relevant experts
in developing evidence-based policies. The strength and quality of scientific expertise
already available to Defra through its Executive Agencies means that it is well placed to
adopt this approach, but we have been aware of some considerable reluctance to accept
and embrace scientific findings. We have therefore recommended how structures could be
changed to introduce a much needed vigour into policy development and implementation.

15.  The objective of our work over the past decade — outlined in this scientific report —
has been to provide clarity on the major issues that need to be considered for gaining control
of cattle TB. Some scientific questions remain unanswered. Further work will address some
of these; that is the nature of scientific enquiry. Ministers clearly have demanding policy
questions to address, but we believe that they now have sufficiently robust and extensive
evidence to enable informed decisions to be made.
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(i) SUMMARY OF SCIENTIFIC FINDINGS
Background

1. Bovine tuberculosis (TB) is a serious disease of cattle that has re-emerged as a
major problem for British farmers. Badgers (Meles meles) are implicated in spreading the
infectious agent (the bacterium Mycobacterium bovis) to cattle. Hence, between 1973 and
1998, cattle-based TB controls were supplemented by various forms of badger culling.

2. A scientific review of the issue, chaired by Professor John Krebs and completed
in 1997, concluded that there was “compelling” evidence that badgers were involved in
transmitting infection to cattle. However, it noted that the development of TB policy was
hampered because the effectiveness of badger culling as a control measure could not be
quantified with data then available. Krebs’ team therefore recommended establishment of a
large-scale field trial of the effects of badger culling on cattle TB incidence, to be overseen
by a group of independent experts.

3. The Independent Scientific Group on Cattle TB (ISG) was formed in 1998 and
recognised the need for a broader remit than that anticipated by Krebs. In addition to
designing and overseeing the Randomised Badger Culling Trial (RBCT), the ISG identified
and initiated a broad array of research related to the diagnosis, pathogenesis, dynamics and
control of TB in cattle and badgers. This report — the 1SG’ 6™ and final, formal report
— describes the outcome of this research, which provides a previously unavailable scientific
basis for the design of future TB control policy.

The Randomised Badger Culling Trial

4. The RBCT was conducted in 30 areas of England, each located in a high-risk
area for cattle TB and measuring approximately 100km?2. The 30 areas were grouped into
10 sets of three, each called a ‘triplet’. Within each triplet, one area was subjected to
approximately annual culling across all accessible land (“proactive culling’), and in one
area the badgers were culled locally on and near farmland where recent outbreaks of TB
had occurred in cattle (‘reactive culling’). The remaining area received no culling (“survey-
only’) and acted as an experimental control with which the culling treatments could be
compared. Treatments were assigned to trial areas at random (Chapter 2).

5. At the start of the RBCT badgers lived in territorial social groups, and M. bovis
infections were found to be strongly clustered on scales of 1-2 km. However, removing
badgers by culling was found to disrupt their social organisation, causing remaining
badgers to range more widely both inside and around the outside of culled areas. Probably
as a result the proportion of badgers infected with M. bovis rose markedly in response
to repeated culling, and infections also became less spatially localised. Hence, although
proactive culling reduced badger activity by approximately 70%, reductions in the density
of infected badgers were much less marked, and infections became more widely dispersed
(Chapter 4).

6. Culling affected the incidence of cattle TB in ways that were consistent with the
patterns observed in badgers. Inside proactive areas, the prevalence of infection in badgers
was increased, but badger densities were greatly reduced, so infectious contact with cattle
appears to have been reduced overall. Culling was associated with an estimated 23%
reduction in cattle TB incidence inside the proactive areas. This indicates that the level of
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TB reduction in cattle was not linearly correlated with the reduction in badger density. This
is equivalent to an estimated 116 confirmed cattle herd breakdowns prevented inside ten
100km? areas subjected to proactive culling over a five-year period (assuming an underlying
incidence rate of 10 confirmed breakdowns per area per year) (Chapter 5).

7. Just outside proactive areas, however, data suggest that opportunities for badger-
to-cattle transmission would have been increased by culling. Badger numbers were only
slightly depleted yet ranging behaviour — and hence potentially infectious contacts with
other badgers and with cattle — was increased. Proactive culling was associated with a 25%
increase in the incidence of cattle TB on neighbouring un-culled land. This is equivalent to
an estimated 102 confirmed cattle herd breakdowns induced in the vicinity of ten circular
100km? areas subjected to proactive culling over a five-year period (again, assuming an
underlying incidence rate of 10 confirmed breakdowns per area per year) (Chapter 5).

8. Both the beneficial and detrimental effects of proactive culling changed over time,
with the detrimental effect dominating initially: only after the fourth annual cull did the
estimated number of breakdowns prevented by proactive culling consistently exceed the
estimated number induced, but the overall gains, in terms of reduced herd breakdowns,
were small (Chapter 5).

9. Reactive culling was associated with a roughly 20% increase in cattle TB incidence.
Culling prompted changes in the ecology and behaviour of badgers in reactive areas which
were similar to those observed just outside proactive areas; hence this detrimental effect
of reactive culling was consistent with the pattern observed in and around proactive areas.
Reactive culling was suspended by Ministers in November 2003; there was no evidence
of either a long-term detrimental effect or a delayed beneficial effect after the suspension
(Chapters 4 and 5).

10. Badger culling, as conducted in the RBCT, required substantial effort by a large and
dedicated team of skilled staff. For example, proactive culling entailed over 160,000 trap
nights, conducted over 4-7 years per area. Simple economic analyses reveal that a culling
policy based on cage trapping as in the RBCT would incur costs that were between four
and five times higher than the economic benefits gained inside a proactively culled area
of 100km?. If the predicted detrimental effects in the surrounding areas are included, the
overall benefits achieved would fall to approximately one-fortieth of the costs incurred.
Reactive culling involved approximately 25,000 traps nights and generated no economic
benefits, only costs (Chapter 9).

11.  The RBCT yielded some evidence of transmission of M. bovis infection from cattle
to badgers. The majority of cattle TB testing was suspended during a nationwide epidemic
of foot-and-mouth disease in 2001; hence infected cattle remained able to transmit infection
rather than being identified and removed. The prevalence of M. bovis infection in badgers rose
markedly during this period, and declined again after cattle testing was resumed (Chapter 4).

Analysis of Farm Level Risk Factors

12. No farm level risk factors have been found to be consistently correlated with the
risk of a herd breakdown over time and across geographical regions. Instead a variety of
farm management, wildlife, and environmental factors have been observed suggesting the
risk of breakdown is multifactorial. Factors amenable to management associated with herd
breakdowns include cattle movements, herd contacts, housing, fertiliser usage, feeding
practices and badger contact. Account should therefore be taken of these factors (Chapter 6).
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Cattle Pathogenesis

13.  Although the tuberculin test is a critical component of TB control policy in Britain,
recent research shows that this test fails to identify a significant number of infected animals.
In heavily infected herds the IFN test diagnosed 27% more animals with confirmed infection
(visible lesioned and culture positive) than were diagnosed by the disclosing tuberculin
skin test (Chapter 7).

14.  This has serious implications for the persistence of the disease in infected herds, for
the spread of infections within the herd and locally, and for the spread, by cattle movement,
to geographically distant parts of the country. Research provides evidence that improved
diagnosis of the disease in cattle and more effective animal movement controls would have
an appreciable effect on the epidemic (Chapter 7).

Conclusions and recommendations

15. Detailed evaluation of RBCT and other scientific data highlights the limitations of
badger culling as a control measure for cattle TB. The overall benefits of proactive culling
were modest (representing an estimated 14 breakdowns prevented after culling 1,000km? for
five years), and were realised only after coordinated and sustained effort. While many other
approaches to culling can be considered, available data suggest that none is likely to generate
benefits substantially greater than those recorded in the RBCT, and many are likely to cause
detrimental effects. Given its high costs and low benefits we therefore conclude that badger
culling is unlikely to contribute usefully to the control of cattle TB in Britain, and recommend
that TB control efforts focus on measures other than badger culling (Chapter 10).

16. In contrast with the situation regarding badger culling, our data and modelling
suggest that substantial reductions in cattle TB incidence could be achieved by improving
cattle-based control measures. Such measures include the introduction of more thorough
controls on cattle movement through zoning or herd attestation, strategic use of the IFN test
in both routine and pre-movement testing, quarantine of purchased cattle, shorter testing
intervals, careful attention to breakdowns in areas that are currently low risk, and whole-
herd slaughter for chronically affected herds (Chapters 7 and 10).

17. Continued research will be critical to refine cattle-based TB control strategies.
Further refinement and field experience of the IFN test, more detailed interrogation of
existing data, particularly cattle testing and tracing data, will be of value. The involvement
of independent expert scientists, as a complement to the excellent scientific expertise
already available to Defra through its Executive Agencies, will ensure the application of
the most appropriate and up-to-date approaches and is likely to generate the most effective
control strategies.
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(i) RECOMMENDATIONS AND CONCLUSIONS
General Conclusions

1. On the basis of our careful review of all currently available evidence, we conclude
that badger culling is unlikely to contribute positively, or cost effectively, to the control of
cattle TB in Britain (10.48 and 10.92).

2. We conclude that there is substantial scope for improvement of control of the
disease through the application of heightened control measures directly targeting cattle.
Therefore, we recommend that priority should be given to developing policies based on
more rigorous application of control measures to cattle, in the absence of badger culling
(10.57 and 10.93).

Options involving badger management

3. It is highly unlikely that reactive culling — as practised in the RBCT - could
contribute other than negatively to future TB control strategies (10.3 — 10.4).

4. Proactive culling — as practised in the RBCT - is unlikely to contribute effectively
to the future control of cattle TB (10.5 - 10.7).

Adaptations of proactive culling

5. Improvements in culling efficiency are unlikely to generate benefits substantially
greater than those recorded in the RBCT (10.10 — 10.14).

6. Different configurations of culling operation, alternative to that used in the RBCT,
would confer no advantage and could lead to further detrimental effects (10.15).

7. Culling over larger areas would be unlikely to develop net benefits in economic
terms (10.16 — 10.18).

8. Areas with boundaries impermeable to badgers could contribute to TB control only
on a local scale, as few areas exist with appropriate natural boundaries (10.19 — 10.21).

9. Culling in areas adjoining land with low or zero TB risk is likely to achieve no
greater overall benefits than the RBCT (10.22 — 10.23).

10. Preventing re-colonisation by destroying setts is likely to involve high costs and the
potential benefits appear small (10.24).

Adaptations of reactive culling

11. Improving culling efficiency is very unlikely to generate overall beneficial effects
from localised culling (10.25 — 10.26).

12. Reactive culling over larger areas is unlikely to generate overall benefits for the
control of cattle TB (10.27).

13. Repeated reactive culling is likely to increase, rather than decrease, the detrimental
effect associated with localised culling (10.28).

14, Reactive culling conducted more rapidly after detection of infection in cattle offers
little promise of an effective control strategy for cattle TB (10.29 — 10.31).
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Culling badgers under licence

15.  Culling badgers under licence not only could fail to achieve a beneficial effect,
but could increase the incidence of cattle TB and increase the geographical spread of the
disease, irrespective of whether licences were issued to individual farmers or to groups
(10.33 - 10.36).

Other approaches to badger culling

16.  Culling in response to detection of infection in road-killed badgers may not target
areas of high cattle TB risk and is likely to generate the detrimental effect of reactive
culling (10.38).

17.  Selective culling of infected badgers is very unlikely to reduce the prevalence of M.
bovis infection in badgers substantially and might increase overall infection rates (10.39
—-10.42).

18. Culling of *hospital setts’ is a highly speculative approach appearing to have little
or nothing to contribute to future control strategies (10.43).

19. Badger culling combined with vaccination is likely to reduce any advantage gained
by vaccination (10.44).

Approaches to badger management other than culling

20.  Separating cattle and badgers by badger-proof fencing might occasionally be
appropriate for some farms. More generally, common sense measures could be applied in
some circumstances to keep badgers out of buildings and feed stores. We recommend that
research effort into ways of keeping badgers and cattle apart be continued (10.49 — 10.56).

Options based on cattle controls
Control of cattle movement

21. More rigorous control measures aimed at preventing spread of infection by cattle
movement are necessary. Pre-movement testing protocols involving the parallel use of the
tuberculin skin test and the IFN test should be used. Isolation of purchased animals prior
to introduction into the herd and re-testing (post-movement testing), by combined use of
the tuberculin skin test and the IFN test, would also be desirable in some situations. These
measures could be reinforced by categorising herds or regions of the country as high or low
risk and preventing cattle movement from high to low risk farms/regions (10.64).

Disease control in low risk areas

22. High priority should be given to preventing introduction of infection into low risk
areas by imposing strict animal movement control, as proposed in recommendation 21
(10.65).

23.  The elimination of infection from all breakdown herds should be addressed by
parallel use of the tuberculin skin test and the IFN test (10.66 — 10.67).

Disease control in high risk areas

24. Elimination of infection in high risk areas is unrealistic in anything other than the
very long term; control measures should therefore be proportionate to avoid prolonged
restrictions being imposed on farms (10.69 — 10.70).
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25.  Spread between herds should be prevented by animal movement controls, as
specified in recommendation 21 (10.71),

26. In breakdown herds with one or two reactors at the disclosing skin test and no
recent history of infection, the aim should be to eliminate infection by parallel use of the
tuberculin skin test and the IFN test (10.72).

27.  The objective in multiple reactor herds in high risk areas should be to reduce the
weight of infection, in the first instance by removing as many infected animals as possible
but limiting the period of restriction imposed on herds (10.73). This could be accompanied
by restricting movement of animals (other than to slaughter) only to herds of similar disease
status, subject to pre-movement testing as proposed in recommendation 21 (10.75).

28.  Where a hard core of multiple reactor herds, with a previous testing history of
persistent disease, is revealed, slaughter of the whole herd or cohorts within the herds
should be considered (10.74).

Measures relating to high and low risk areas

29.  Surveillance should be heightened by more frequent testing of herds in low risk
areas and by ensuring that annual testing is applied to all herds in high risk areas (10.68
and 10.76).

30.  The justification and need for these more rigorous testing procedures should be
communicated by Defra to the farming and veterinary communities. \Veterinary advice
should be sought by farmers on herd biosecurity and re-stocking policies following whole
herd slaughter or clearance of infection (10.77).

Mathematical Modelling

31.  Analysis of a simple mathematical model suggests that rigorously enforced
movement testing would halt the epidemic and indeed produce some steady decline
in incidence. If testing of enhanced sensitivity were used the decline is predicted to be
appreciably more rapid (10.60).

Refinement of diagnostic tests and testing procedures

32. Based on available scientific evidence and on the need for rapid removal of infected
animals from breakdown herds, consideration should be given to applying more rapid
follow-up testing upon identification of a herd breakdown and to speeding up procedures
for confirmation of infection (10.78).

33. Continued support should be provided for research on the development and field
testing of improved versions of the IFN test (10.79).

34. Collection of reliable and informative field data on the use of the IFN test is required
to advise on its value in a range of potential policy options (10.79).

35. Defra should continue to give high priority to research on M. bovis genotyping and
should integrate the use of genotyping into disease control strategies (10.80).

36.  The causes of unconfirmed breakdowns and their epidemiological impact should be
investigated (10.81).

25



Analyses and presentation of data

37. Defra should revise the presentation of the current statistical data on breakdowns to
provide an accurate indication of trends in TB incidence that is independent of changes in
testing regime (10.83 — 10.84).

38.  Herd breakdown data should be published in a format that allows some regional
comparisons (10.83 — 10.84).

39.  Procedures should be established to provide, at a relatively local level, information
about the potential development of the disease in current low risk areas (10.83 — 10.84).

Effective use of data to address policy needs

40. Effective use of data to address policy issues requires greater effort to be devoted
to analysis of cattle data (10.82 and 10.85).

41. A group of external scientists with appropriate expertise should be established to
advise on data collection and analysis, and their systematic use for designing and assessing
the impact of changes of disease control policy (10.86).

Formulation and implementation of disease control policy

42. Most urgent consideration should be given to ensuring that scientific expertise,
particularly that available at VLA and CSL, is used more effectively to develop and
implement TB control strategies. Effective TB control will only be achieved by assembling
a small but focused, dedicated, informed team, to establish a clearly defined disease control
strategy, which can be implemented and communicated to stakeholder groups (10.87 —
10.88).

43.  Specific attention should be directed towards the economic evaluation of possible
long- and short-term impacts of control strategies, their wider economic implications and
distributional effects (10.88).

EU legislation

44, Issues with respect to EU legislation will need to be addressed and the case for
changes made on the basis of strategic needs and scientific evidence (10.89).

Vaccines

45.  While endorsing the need for continued research on vaccine development, we
recognise that substantial obstacles need to be overcome in developing an effective vaccine
and therefore advise that vaccination, of either cattle or badgers, should be considered only
as a longer term option (10.90).

Need for ‘ownership’ of the disease

46. Farmers need to take ‘ownership’ of the TB disease problem in their cattle herds,
rather than leaving it largely to Government to resolve (10.91).
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1. INTRODUCTION
Background: TB in cattle and badgers

1.1  Bovine tuberculosis is caused by the bacterium Mycobacterium bovis. It has long
been a persistent problem in cattle farming in the UK and has been the focus for concern
and control for generations. It was the widespread disquiet in the late 19™ century over the
dangers to human health from infected meat that initiated the first of what has been since
then a series of government inquiries in the search for appropriate policies to ameliorate
the problem. Despite this it remains, in the words of the current Chief \eterinary Officer,
“the most difficult animal health problem we face in Great Britain” (Reynolds, 2006).

1.2 Notwithstanding the attention it had received and a variety of specific Government
Orders, little obvious progress was made in reducing the incidence of the disease in
cattle, or its damaging effects on human health, until the mid-1930s — at which time it
was estimated that 40% of all domestic cattle were infected (Proud, 2006). The report
of the Gowland Hopkins Committee in 1934 (Economic Advisory Council, 1934) is
credited with ultimately being the catalyst for things to change. It recognised explicitly
that milk, not meat, was the prime source for human infection, and initiated actions that
led progressively to effective control and virtual eradication of bovine tuberculosis in the
following 25 years. This period saw the widespread establishment of milk pasteurisation
and enhanced meat inspection procedures at slaughterhouses — practices which remain
today as the principal defences against human infection, and have resulted in the disease
no longer in practice representing a threat to human health. (The Health Protection Agency
report 39 cases of human M. bovis infection in the UK in 2005 (HPA, 2006) — and some
of these originated with other humans (Evans et al., 2007) — compared with over 2,500
deaths per year attributed to bovine TB in the 1930s). The other major element of control
was to create explicit differentiation between ‘clean’ and infected cattle herds, along with
the introduction of an incentive scheme for the “attestation’ of herds based on the regular
tuberculin testing of cattle and the removal of reactors so as to progressively reduce the
incidence of the disease in the cattle population. Cattle movement into attested herds was
strictly controlled and other disease biosecurity measures, such as double fencing between
farms, were adopted. This proved to be remarkably effective, and by 1964 the prevalence of
infection in cattle had fallen to 0.06% (Proud, 2006) and the disease was considered from
a national standpoint to have been virtually eradicated.

1.3 Underneath this comforting picture, however, was a nagging concern. The statistics
showed that the annual incidence of infected herds nationally (i.e. the proportion of herds
that revealed a reactor to the regular skin tests) had fallen to below 0.5% in the early
1960s and continued to fall until the early 1970s. But the incidence in the South West of
England was inexplicably at least five times higher and, more worryingly, was showing
no evidence of decline. A special intensive field study of the problem was undertaken by
Ministry of Agriculture, Fisheries and Food (MAFF) veterinarians in West Cornwall, where
the infection rate was more than double the South West regional average; but their report
(Richards, 1972) concluded mainly that fences were generally in a poor state (allowing easy
contact and disease spread between cattle on neighbouring farms) and overall standards of
livestock husbandry and management were poor.

1.4 A new insight appeared in 1971 following examination of a dead badger (Meles
meles) found on a Gloucestershire farm in an area where cattle TB breakdowns were
very common. It was diagnosed as being severely infected by M. bovis and this led to an
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investigation to measure the prevalence of infection in badgers, in the light of which MAFF
concluded in 1973 that action was required to deal with infected badgers where they posed a
threat to the health of cattle. This seemed to be a logical step given that the density of badgers
was regarded as particularly high in the South West where the level of TB amongst cattle
was also so much higher. Badgers were a protected species under The Badgers Act 1973,
but the Minister was empowered to issue licences for the killing of badgers for the purpose
of preventing disease spread. Initially MAFF merely gave advice to farmers on killing (by
trapping, shooting or snaring) badgers on their own land where badgers were considered
a threat to cattle health; but in the face of the considerable public disquiet that this caused
it took over responsibility itself for culling operations in 1975, which it implemented by
gassing badgers in their setts using cyanide gas. Under this policy gassing operations were
conducted in a total of 166 areas, averaging 7km?, throughout the South West of England
(Wilesmith, 1986). A particular and frequently quoted episode of this period was a clearance
programme where setts were intensively and repeatedly gassed over an area of some 100km?
near Thornbury in Gloucestershire. Gassing continued from 1975 until 1982 and, with the
badger population effectively eliminated, was followed by a period of 10 years with no
confirmed breakdowns (Clifton-Hadley et al., 1995-b).

The search for solutions

1.5  Continuing public concern over gassing led to a review of this policy being
undertaken by Lord Zuckerman, during which time gassing was suspended pending his
investigation. In his report (Zuckerman, 1980) he concluded that badgers represented a
significant ‘reservoir’ of M. bovis infection and recommended that gassing be resumed,
but subject to investigations into the efficacy of cyanide gas in killing badgers quickly
and humanely. However, from the results of these experiments the Minister of the day
concluded there were strong doubts as to whether badgers in a gassed sett did die humanely
and decided the method should no longer be used. It was replaced by culling based on cage
trapping badgers and then shooting them — a method not only considered more humane
but also bringing the advantage that it yielded carcasses for scientific examination. The so-
called “clean ring’ culling policy that followed was based on the hypothesis that M. bovis
infection among badgers occurred in ‘pockets’ of infected social groups. Subject to certain
clear criteria, a TB herd breakdown that had been confirmed by detection of visibly lesioned
organs and/or laboratory culture of M. bovis from tissues of the slaughtered reactor cattle
provided a case for badger removal. After their territories had been mapped, a number of
badgers from the social groups using the land of the infected farm were trapped, Killed,
examined and cultured for M. bovis infection (there being no live test). If at least one
infected animal was found the social groups were removed, and a second round of testing
and trapping of all contiguous social groups was undertaken. This process continued
outwards until a clean ring of social groups was encountered in which no infection could
be identified, at which point the ‘pocket’ was considered to have been eliminated.

1.6 Virtually all cattle herd breakdowns in the South West thought to be associated with
badgers were subjected to culling in this way, but the policy was clearly both expensive
and time consuming. In 1984 a further group was established to review the problem of
badgers and bovine TB. Its report (Dunnet et al., 1986) concluded that, on the basis of
careful statistical analyses of the time path of herd incidence over the previous 20 years,
there was not sufficient evidence to say that gassing had had any discernible effect in
reducing TB breakdowns. It observed that a significant drop in incidence that was apparent
in the South West just after the gassing programme had commenced (and was attributed by
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many to be an effect of that programme) had also occurred nationally, and had coincided
with restrictions on cattle imports from Ireland, along with a change in the tuberculin test
which would result in fewer false positives. (A similar fall in incidence was also recorded
in Northern Ireland, where no badger culling took place.) In the light of these doubts,
unconvinced by the “pocket theory” and bolstered by the fact that a cost-benefit analysis
showed the high cost of the clean ring policy could not be economically justified, Dunnet
et al. recommended an ‘interim’ strategy in which culling was to be undertaken only where
infection could be reasonably attributed to badgers, and was to be restricted to the land
occupied by the breakdown herd. They also recommended for the first time that farmers
themselves should take some responsibility for controlling the disease by taking action
to keep badgers and cattle apart. Recognising the lack of information to guide policy
formulation and assessment they recommended a major focus on targeted research, and in
particular on the development of a diagnostic test for M. bovis in live badgers which could
then radically alter the approach to badger culling by allowing selective removal (and until
which time their recommendations were “interim”).

1.7  As is often the nature of these things the Dunnet interim strategy — foreseen as
lasting for only five years — continued for ten. A live test for badgers had been developed
and subject to trial from 1994-96, but its sensitivity was much poorer than had been hoped,
successfully detecting only about 40% of infected badgers (Clifton-Hadley et al., 1995-a,
Woodroffe et al., 1999); consequently, it appeared not to offer any advance in terms of
cattle disease control while being more costly than the interim strategy. By this time the
annual herd incidence of TB, having reached its lowest point in both the South West and
nationally in 1979 (at 4.0 and 0.4 breakdowns per 100 herds per year respectively), had
shown itself to be on an exponentially rising path and back up beyond the levels of the
1960s. Voices in the farming and veterinary communities were again expressing serious
concern.

1.8  So, in 1996 yet another review of the problem was instituted, with badger culling
operations in response to new herd breakdowns being suspended while it deliberated. This
group, under the chairmanship of Professor John Krebs, was more substantial in size and
remit than any of its forerunners and was given a specific task, inter alia, to assess the
scientific evidence for the links between TB in cattle and in badgers. Its enquiries ranged
widely, and the group finally declared that “the control of TB in cattle is a complex problem
and there is no single solution”. The group’ report (Krebs et al., 1997) made a large
number of recommendations designed to further understand the causes of herd breakdowns,
evaluate the effectiveness of current control strategies, develop improved strategies and to
foster more and better research. With respect to the role of badgers it concluded that they
were a significant source of infection but, importantly, noted that “most of the evidence
is indirect, consisting of correlations rather than demonstrations of cause and effect”. In
reviewing the various policy actions that had been implemented against badgers the Krebs
report emphasised the fundamental point that it was not possible to compare their relative
effectiveness, nor to compare their impact with that of not killing badgers, because there
had been no proper experiments.

The question to be resolved

1.9  This latter statement crystallised the essence of why, despite its long history, there
has remained so much controversy and uncertainty over the issue of badger culling. That
badgers are a potential source of TB in cattle is undisputable. The fact that badgers are
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found to have tuberculous lesions caused by M. bovis demonstrates that they are clearly
another host species. In principle it could be that they are solely a “spillover’ host, but if
they are a primary host (i.e. infection can be transmitted between badgers and maintained
in the population) then it means they may amplify the infection and pass it to other species.
If this is the case then the presence of infected badgers logically represents a potential risk
of infection for cattle (and equally, the presence of M. bovis infected cattle represents a
potential risk of infection for badgers). Consequently, if badgers were completely eliminated
from an area of farmland and repopulation prevented, it follows that this should eliminate
completely that source of infection risk on that land. It is on this logic that badger culling
was implemented as a key element of TB control policy for over 20 years.

1.10 However, the situation is more complicated than this. First, as Krebs pointed out,
the evidence of an association between M. bovis infection in badgers and in cattle, which
is undisputed, is not the same as evidence of transmission from badgers to cattle. This
therefore injects considerable uncertainty into how effective badger culling will be in
reducing the risk of TB breakdowns — uncertainty which is exacerbated by the fact that
to remove every badger and maintain that zero population over time on any reasonable
areal scale would be extremely difficult in Great Britain. Added to this, the magnitude
of risk reduction resulting from badger removal may not be simply proportional to the
quantitative importance of badger infection as a risk factor. The dynamics of the disease
may involve two-way interactions between infection in badgers and in cattle. The badger
culling policies of the past have been based on the implicit assumption that, in those areas
where the incidence of TB breakdowns is high, it is infected badgers that have been the main
source of continuing cattle infection, discounting the possibility that it could be transmitted
in multiple directions and, in particular, from cattle to badgers. So, if the assumption about
the contribution of badgers is wrong and, despite an obviously infected badger population,
the actual transmission of the disease to cattle is in fact relatively low then the impact
of badger culling, however effectively conducted, in reducing the risk to cattle would be
similarly low.

1.11  The upshot of all these considerations is clear. Examinations of infection rates in
cattle and in badgers, theoretical explanations of the possibilities of infection transmission
between the two species, evidence of transmission under experimental conditions,
circumstantial evidence of links between herd breakdowns and badger populations, and
anecdotes and documented cases of where badger culling has ‘worked’, do not amount to
a sufficient scientific basis upon which to build a generalised disease control policy. In the
last analysis policy must be constructed on clear evidence of what is feasible in practice
and predictable in outcome. And this, in turn, highlights the fundamental question that
needs to be resolved: What effect, in practice, is badger culling likely to have in reducing
the number of herd breakdowns in an area?

The origins of the ISG

1.12  TheKrebsreportconfronted this question directly in one of its key recommendations.
In discussing the various large scale clearances of badgers that have taken place (Thornbury
in Gloucestershire, Steeple Leaze in Dorset, Hartland in Devon and East Offaly in Ireland)
and which are often quoted as evidence of the effectiveness of culling in controlling cattle
TB, the report notes that “badger removal might have caused the observed falls in herd
breakdown rates, but the possibility remains that some other unidentified factor could have
been responsible” (Krebs et al., 1997, p30). There is an important functional difference
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between those local intensive culling operations and the more general culling approaches
applied across the South West from 1975-96 in response to herd breakdowns, but in both
cases the observed outcomes do not constitute dependable scientific findings because of
the lack of the necessary comparable control areas to act as the baseline against which
to measure effects. This criticism strikes at the heart of all the previous assertions and
expectations about badger culling because these all lack the necessary scientific rigour.
The Krebs report concluded that “a proper experimental assessment is the only way to
test rigorously the effectiveness... of different strategies to provide a sound basis for
future policy”. It therefore recommended that: (a) a randomised field experiment be put in
place to determine the impact and effectiveness of two alternative types of badger culling
strategy, as compared to specific no culling areas; and (b) an independent expert group be
formed to oversee the experimental design and to monitor progress. This expert group was
set up in early 1998 as the Independent Scientific Group on Cattle TB (hereafter the ISG),
and the experiment it designed and oversaw became known as the Randomised Badger
Culling Trial (RBCT or ‘the trial’). The rest of this report develops and presents the work
of the ISG and the conclusions that have emerged from its long and detailed programme of
activity.

1.13 The logic of the Krebs recommendation was immediately apparent. We live in a
world in which, to be rational, actions to resolve complex problems need to be guided by
information and analysis, not by opinion and casual inference. It is established scientific
method that provides the only reliable framework for developing the required information
in a clear, rigorous and dependable fashion and in so doing confers credibility on it. The
Department for Environment, Food and Rural Affairs (Defra) has committed itself to the
principle of basing its decisions on ‘sound science and evidence ... to ensure that animal
health policy is based on sound scientific evidence’ (Defra, 20044a, page 30). Because of the
complexity of the biological system in which it has to function, the control of bovine TB
requires, perhaps more than in most other areas, the clarity, precision and rigour that science
brings to problems. The relatively crude policies for TB control seemed to be satisfactory
in the past when it was a gross problem in a relatively static cattle population in established
production systems, such that a tolerably effective method of identifying and isolating
infected herds and removing the reactor animals (or sometimes whole herds) could make
major improvements. But when herd incidence had fallen to low levels, and complications
in the overall system grew due to the recognition of wildlife sources, the increasing scale
and intensity of cattle management systems, the dynamics of trade and wider geographical
livestock movements, the pressures of financial constraints and issues of public awareness
became a consideration, much greater precision and fine tuning of interventions became
increasingly necessary. All this imposed greater pressures on the technology for disease
management and the information requirements to achieve the desired levels of control.
The weakness of the existing information and conceptual base for policy development
becomes clear when it is realised that the procedures for the tuberculin skin test were
initially developed in the 1930s and, apart from a change in the tuberculin used in the
1970s, are largely unchanged since then; that the possibility of cattle-to-cattle transmission
of TB was assumed unlikely to impede the control effort because of the confidence placed
in the efficacy of cattle testing; and the knowledge that badgers were susceptible to M. bovis
infection led directly to the presumption that culling them would automatically reduce the
occurrence of herd breakdowns.

1.14 The ISG recognised these complexities from the beginning of its work. While
accepting a prime responsibility to design and implement the RBCT so as to provide, for the
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first time, rigorous assessments of the power of badger culling to reduce herd breakdowns,
it also realised the need to adopt a wide-ranging and integrated approach to the problems
of managing TB within a modern, commercial and geographically dispersed cattle sector.
Thus, its Terms of Reference (see Appendix B) included a final and crucial component that
directed it to consider the problem of cattle TB more widely than simply the delivery of
ultimate findings from a scientifically designed and implemented RBCT.

1.15 The outline structure of the trial was firmly based on the scientific method. It was
to measure the effects of two different approaches to badger culling (‘the experimental
treatments’) applied across large and appropriately selected areas, and to compare these
with the measured effects of no culling across comparable areas (‘the experimental
controls’). The trial was to be conducted in areas of high incidence of herd breakdowns in
order to maximise the ability to capture any significant effects that were to be found. The
way in which this proposal was to be interpreted, refined, developed, implemented, guided
and monitored constituted the primary task of the ISG in the early stages of its work, and
is discussed in detail in the next Chapter.
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2. DEVELOPMENT AND IMPLEMENTATION OF THE RBCT
Background considerations

2.1 Although the origins of the RBCT lay in the Krebs report’s declaration of the need
for “a proper experimental assessment...to test rigorously the effectiveness...of different
(badger culling) strategies” (Krebs et al. 1997, page 128), the 1SG recognised very early in
its deliberations the necessity of pursuing a wider programme of research than designing,
managing and analysing a field trial along the lines proposed by Krebs. It was evident from
past experience and previous reviews of the link between badgers and TB in cattle herds
that the interrelationships were complex and poorly understood. Consequently, the 1SG
realised that clarifying the role of badger culling, while necessary, would not in itself be
sufficient for determining an effective control policy. Indeed, concentrating solely on the
badger dimension in what was clearly a multidimensional and dynamic system of disease
spread would be to fail to learn the lessons of previous experience.

2.2 So the ISG believed it essential to adopt a wide-ranging approach to its inquiry
from the outset, viewing the problem of TB in cattle and its potential control from a broad-
based and integrated standpoint on the grounds that future control policies would need to
be based on the application of a range of measures. Furthermore, the ISG was conscious
of the fact that, despite TB policies having been in force for many years, there remained
important gaps in knowledge and areas of uncertainty concerning the epidemiology and
pathogenesis of the disease in both cattle and badgers. Consequently, the ISG interpreted
its remit as being to develop a wide-ranging epidemiological investigation into TB in cattle
and badgers that extended well beyond the culling trial. In doing so, while confirming its
commitment to the scientific approach, the ISG identified its core aim as being “to present
Ministers with a range of scientifically based policy options which will be technically,
environmentally, socially and economically acceptable” (Bourne et al., 1998, page 4).

2.3  Meeting this aim would lead us into reviewing the state of scientific knowledge
about M. bovis and its transmission, the diagnosis of TB in cattle, the dynamics of infection
in both the badger and cattle populations, the risk factors facing cattle herds, and the
prospects for novel control and protection methods such as vaccination and targeted farm
biosecurity. And this in turn implied the need for us to recommend a carefully constructed
programme of research that MAFF should put in place, along with support for a series of
studies which would broaden the information base available for taking a fully considered
approach to control policy.

SETTING UP THE TRIAL PROCEDURES
Establishing the Randomised Badger Culling Trial

2.4  The first detailed task, however, was to design and initiate the RBCT. The Krebs
report emphasised the need for research “to quantify the contribution of badgers to the
risk of TB in cattle” (Krebs et al., page 33), and many presumed it was information of this
nature that the trial would yield. However, such quantification would have required the total
removal of badgers from at least some of the culled areas and prevention of any subsequent
immigration, so that the change in cattle TB incidence when badgers were absent could
be measured. A qualifying statement from the Krebs report (page 89) states that “Analysis
of the data from the proactive strategy, and comparing this with the data from the no cull
strategy, will allow the estimation of the maximum possible impact of badger management
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on herd breakdown rates.” The ISG recognised that an objective to quantify ‘the badger
contribution’ implicitly assumes that there is simply a one-way transfer of infection, from
badgers to cattle; whereas in reality there is interchange of infection between the two species
with disease transfer in both directions, so the contribution of badgers is not independent
of the feedback from cattle. It was therefore clear that the trial could not provide anything
quite as precise as a quantitative estimate of “the contribution of badgers to the risk of TB
in cattle” and could directly measure only the contribution that particular forms of culling
could make.

2.5  The proposed structure of the trial was to compare, within a framework of scientific
experimentation under field conditions, the relative impact on herd breakdowns of two
different approaches to badger culling as compared to not removing badgers at all — i.e.
three distinct experimental ‘treatments’. As such the ISG understood that it would be,
in practice, comparing three potential policies of TB control based on different levels of
intervention in badger populations. The ISG thus consistently referred to this aspect of its
work as being “a trial of alternative culling policies”. The aim was to achieve the rigour of
a scientific approach by following well tested principles of investigation, but (apart from
the greater detail of data collection) approximating the procedures and performance that
could be reasonably achieved in everyday field operations.

2.6 Thetrial was also designed and implemented to ensure that it provided an additional
wealth of epidemiological data in both cattle and badgers — data that could not be gained in
any other way.

The culling treatments

2.7  The two types of badger culling in the trial, labelled as ‘proactive’ and ‘reactive’
respectively, were to be compared with the measured effects in comparable areas where no
culling took place; these latter areas were labelled as ‘survey-only’ (rather than ‘no culling’,
because as well as being unculled control areas, important survey data were collected on
signs of badger activity throughout all trial areas).

2.8 The aim in proactive culling areas was to remove at the outset as large a proportion
as possible of the badgers resident in the trial area (while paying due attention to animal
welfare considerations) and to maintain this population suppression throughout the period
of the trial by regular follow-up culling operations. In the reactive areas badger culling
was to be undertaken only on the occurrence of a confirmed herd breakdown and with
the aim of removing all social groups of badgers having access to the breakdown farm,
but (in contrast with past policies) with no specific consideration given to whether or not
badgers were implicated in the breakdown. The survey-only areas played an important
role in providing the benchmark against which the impacts of the two culling programmes
were to be assessed, thereby acting as the ‘experimental control’. As well as trialling
possible culling approaches as TB control measures, the proactive and reactive treatments
were designed to yield a fund of badger carcasses for scientific examination to provide
previously unavailable information on the prevalence, genetic type and pathology of TB in
a large sample of badgers in areas of high cattle incidence.

2.9  The ISG invested considerable time in defining, characterising and explaining the
three treatments. The reactive treatment had many similarities with what had been the
standard badger intervention approach during the 10 years of the Dunnet interim strategy
(Dunnet et al. 1986), and in this respect was closest to being a formal assessment of a
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previously accepted policy. Some observers had questioned the appropriateness of trialling
the proactive treatment, since it was not perceived as being widely applicable in practice,
and there was concern over the high number of badgers that might be killed in the process
— though the Krebs report (page 94) had estimated this might be little different from the
numbers killed in the latter years of the interim strategy. The ISG argued that the proactive
treatment was essential because it might well form a component of future policy, it would
demonstrate the maximal effect that the selected culling approach could achieve and,
importantly, it would provide otherwise unobtainable information on the epidemiology
of TB in badgers. The inclusion of the survey-only treatment allowed the RBCT to be
scientifically robust in estimating the impact of culling strategies on TB incidence in cattle.
Such estimates were unavailable for all previous culling policies, whether based on gassing
or trapping.

Trial design

2.10  The formal design of the trial required the specification of the method of treatment
allocation, the number of farms to be enrolled and the timescale of the trial. (See Appendix
H for further information.)

Trial areas and treatment allocation

2.11 The three strategies could in principle have been allocated individually to herds
enrolled in the trial, but some badger social groups might have had territories overlapping
the land areas associated with more than one herd, and would thus be potentially subject to
more than one treatment. To avoid this and, furthermore, to reduce the interference between
different culling treatments, all of the farms in relatively large trial areas (roughly 100 km?)
were assigned the same treatment.

2.12  After careful consideration the ISG decided that rather than adopting the Krebs
report’s suggestion of using 10km x 10km squares, it was more appropriate to apply the
treatments within broadly circular areas of approximately 100km? (10,000 hectares or
24,710 acres). Circles would minimise the length of boundary (and hence any boundary
effects) associated with each trial area. An important consideration was to ensure the
trial areas in a triplet, while desirably as similar as possible in location, were sufficiently
separated so that treatments would not overlap. The same consideration was necessary
to ensure appropriate separation of triplets. This was achieved by defining a 1km wide
zone around each 100km? trial area (the ‘inner buffer zone’) and then a further 1km wide
‘outer buffer zone’; 1km represents approximately the maximum likely ranging distance
of a badger (see Chapter 4 for details on the scale of badger movements), so the defined
buffer zones should also ensure no overlap of badger territories between treatments. Outer
zones were allowed to overlap but not inner buffer zones, meaning that the boundaries of
nearby trial areas would never be less than 3km apart. “Treatment areas’ were defined to
encompass trial areas, as well as any land within the inner buffer judged to be occupied by
badgers using farms inside the trial area (Figure 2.1).
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Figure 2.1: Schematic representation of trial areas in a triplet

trial area
treatment area

2.13  These trial areas were to be identified in groups of three (‘triplets’) which were as
similar as possible in terms of location and agricultural characteristics, the three treatments
to be allocated randomly to the areas within each triplet to avoid any bias in selection. The
randomisation procedure was to be conducted at the latest possible stage so that neither the
level of consent given by landholders, nor the determination of treatment area boundaries,
nor the intensity of surveying for signs of badger activity across the areas concerned, would
be influenced by prior knowledge of the culling to be applied.

Statistical power

2.14 The statistical power of the trial was the probability of it being able to detect a
reduction, if it existed, in the incidence of TB in cattle. It depended primarily on the total
number of TB breakdowns (i.e. the cumulative incidence) in the survey-only (control) areas
and the percentage reduction in the breakdown rate in the culling (proactive and reactive)
areas.

2.15 The statistical power calculations for the trial, originally presented in the Krebs
report (Krebs et al., 1997) and adopted by the ISG to determine the size of the RBCT,
were based on the simple but reasonable assumption that the variability of numbers of
observed cattle TB breakdowns is essentially that found in the Poisson distribution, the
statistical distribution governing the count of events occurring totally at random. Based
on the historical incidence of TB in cattle across Great Britain between 1992 and 1996
inclusive, the Krebs report had recommended that a minimum of thirty 100km? areas
should be included in the trial. The ISG accepted this view but, in its early deliberations,
considered the possibility that additional triplets might become necessary to deliver the
required statistical power.

2.16  Based on the statistical power calculations it was suggested in the Krebs report that
if the incidence of TB in cattle remained at the level observed over the previous five years,
then a reduction in TB incidence as low as 20% in the trial areas subject to culling should
be detectable within five years of observation in 10 triplets (i.e. with the accumulation
of data amounting to 50 ‘triplet-years’). Higher TB incidence in the trial areas (but the
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same ratio of incidence rates between treatments) would reduce the number of triplet years
required to detect a difference.

Assumptions

2.17 The assumption that TB breakdowns occur totally at random will tend to
underestimate the variability to be encountered in practice. For example, there is some
evidence of clustering of TB breakdowns in space and time (Woodroffe et al., 2005c). The
final analysis of variation is based on the observed consistency of the ratios of breakdown
rates (for example, the ratio within a triplet of the TB incidence in the proactive area divided
by the TB incidence in the survey-only area) between triplets, adjusted for herd and cattle
numbers and possibly other features.

2.18  While 10 is the minimum number of triplets advisable for effective error control, the
viability of the trial did not, as such, depend on the validity of the original power calculations.
For later discussion the emphasis was placed not on detecting a real difference but rather
on estimating the magnitude of any effect with adequate precision. The implications for the
size of the trial were identical.

2.19 It was recognised that non-compliance with the trial through interference with
culling operations, denial of access for survey or culling teams (particularly in the proactive
and reactive areas) and illegal killing of badgers (especially in the survey-only area) could
all reduce the differences between treatment areas. Depending on the circumstances, such
factors could serve to mask the true effect of culling treatments, but the statistical power of
the trial was sufficient to deal with the levels of non-compliance encountered.

Analysis strategy

2.20 The primary outcome of the RBCT, on which its empirical findings were to be
based, was to be the data on the incidence of TB over the period of the trial among cattle
herds in the triplet areas that had been subjected to proactive culling, reactive culling and
no culling. From the outset, and long before the 1SG examined any data, it established an
analysis strategy (see Appendix 3, Bourne et al., 1998) and agreed that interim analyses of
the data emerging from the trial would be undertaken at appropriate intervals to ascertain
whether significant findings were emerging. These analyses were to be conducted by
the two statistician members of the ISG, but with the results remaining known only to
them and to the independent statistical auditor (Professor Denis Mollison of Heriot-Watt
University). The method for the interim comparison of outcomes from the three treatments
was formulated by the ISG and then approved by the independent statistical auditor when
the first interim analysis was undertaken in late 2000 (Mollison, 2000). The next analysis
was delayed due to the lack of cattle testing during the foot-and-mouth disease epidemic in
2001, and was not conducted until 2002. Interim analyses continued then to be undertaken
and reported to the statistical auditor every six months.

2.21 What is later referred to as the ‘primary analysis’ of treatment effects was to be
a comparison of the number of confirmed cattle herd breakdowns associated with each
culling strategy (i.e. within the relevant trial areas) with the number associated with the
no-cull survey-only strategy. The commencement of the trial in each triplet (i.e. the date
it became ‘active’) was timed from the end of its initial proactive cull, and breakdowns
occurring after this date in any of the three triplet areas thus contributed to the analysis. Data
relating to each herd breakdown were to be obtained from the animal health information
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system VetNet, which holds information on all cattle herds in Great Britain (covering size,
type, breakdown history, etc.), and also on their disease management including TB tests
conducted by the State Veterinary Service (now Animal Health).

2.22 In analysing the comparison between treatments, adjustments were to be made for
triplet effects, as well as for baseline variables and characteristics associated with each trial
area, effects due to time or interactions between variables. The details of all the analyses
are explained in Chapter 5.

Geographical location of triplets

2.23 The trial was to be located in the TB ‘hotspot’ regions of West and South West
England since the impact of culling that the trial was designed to measure would be most
easily detected in areas where the incidence of herd breakdowns was highest. In these
hotspot regions most cattle herds were already subject to annual TB tests, and given the
history of breakdowns there were many areas that had also been subject to badger removal
at some time in earlier years (details in Chapter 4). The specific criterion for identifying
the locations of potential trial areas was the incidence of confirmed herd breakdowns over
the three years prior to selection, with the additional evidence of a continuing breakdown
problem in the most recent year. Although ideally the three areas in each triplet would be
as nearly identical as possible in terms of numbers and types of cattle holdings, breakdown
histories, surface area, landscape characteristics, badger population density, etc., this was
not feasible in practice — nor, indeed, essential given the ability of the planned statistical
analyses to accommaodate the inevitable variability in the trial findings.

Surveying the trial areas

2.24  Once the location of a triplet was specified, the first task was to undertake a detailed
field survey of the three constituent areas to record the location, activity and size of all
badger setts plus other field signs of badgers such as latrines and paths. GPS facilities
were not available at the outset, so the locations of field signs were mapped as precisely as
was feasible using 1:10,000 paper maps. The information derived from these surveys was
recognised to be critical for both the operation of the trial and many of the analyses of the
results. These enabled estimates to be made of badger activity prior to the commencement
of culling, permitted the mapping of social group territories to assist delineation of the
appropriate boundaries for removal operations and, importantly, provided guidance for the
subsequent siting of traps in areas that received the culling treatments.

2.25 The ISG appreciated that not all landowners and occupiers within a designated
trial area would agree to collaborate in the trial. When a triplet location was defined, all
identified landholders were contacted and, without it having been determined at that stage
which of the three treatments would eventually be allocated to their area, asked if they
would participate in the trial. A large but variable proportion in each trial area did agree to
offer full co-operation, some agreed to allow their land to be surveyed for badger activity
but refused permission to cull, and some declined access for any of the trial’s procedures.
It was evident that, except in the case of large individual landholdings, the areas of land
unavailable for inclusion in the trial were likely to be mostly relatively small and scattered
and, although the incompleteness of co-operation was less than ideal, it was not unexpected
and trial operations could be adjusted to minimise the constraints that this incomplete
access imposed. Furthermore, given that this was a trial of potential culling policy options,
such restrictions reflected a reality that would be encountered in practice anyway. Statistical
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analyses of the level of consent granted, and their changes over time, are presented in
paragraphs 2.49 and 2.50 and Appendix G, respectively.

Culling strategy

2.26  The ultimate aim in the proactive areas was to be able to determine whether
suppressing and then maintaining the badger population at as low a level as was reasonably
practical had a detectable and worthwhile effect on the incidence of herd breakdowns in the
region. The aim in the reactive areas was more limited, namely to assess whether removing
as large as possible a proportion of the badgers geographically associated with confirmed
herd breakdowns had a measurable effect on future breakdowns in the region. In line with
experimental objectives, follow-up culling was necessary across a proactive areato reinforce
and maintain the level of clearance, whereas after a reactive cull the necessary action against
the badgers was assumed to have been taken and no repeat removals were appropriate. In
each case, for the two treatments to be relevant as practical policies, the requirement was
for the culling to be as efficient as possible in removing the target populations but balanced
against considerations of animal welfare and cost.

2.27  Mindful of general public attitudes towards the destruction of wildlife, and to the
badger in particular, the ISG considered very carefully what culling method to adopt. Given
that wildlife, by definition, is not under managerial control total removal was unlikely to be
achievable. Added to this, the ISG had been given a very explicit declaration by Ministers at
the outset that elimination of badgers over large tracts of the countryside was not acceptable
as future policy. A further consideration involved in implementing the RBCT related to the
legality of widespread culling of a protected species. In December 1998, while the ISG was
still planning the trial procedures, the Standing Committee of the Bern Convention on the
Conservation of European Wildlife and Natural Habitats (to which the UK is a signatory)
recommended that the trial be postponed pending an opinion on whether it was in breach
of the Convention. The Convention prohibits “the use of all means capable of causing local
disappearance of, or serious disturbance to, populations (of badgers)” (Council of Europe,
1979). The 1SG assisted and supported MAFF in making the case that, in the light of the
severity of the cattle TB problem in the country and the explicitly scientific motivation
underlying the planned culling activities, the trial did not breach either the letter or the
spirit of the Convention. (See http://www.defra.gov.uk/animalh/tb/publications/bern/bern.
htm). Twelve months after it had raised the issue, the Standing Committee agreed with this
argument and closed its file on the matter, MAFF agreeing to provide it with regular updates
both on the RBCT and on the wider TB control programme. In assessing the effectiveness
of badger culling as a practical policy option the trial’s aim was not total depopulation
of an area; rather it was to achieve the maximum level of removal that was reasonably
attainable in practice and, importantly, defensible in environmental, welfare and political
terms. In its first report (Bourne et al., 1998) the ISG discussed in detail the alternative
capture methods and the reasons why the ISG concluded that cage trapping should be
adopted. The ISG recognised that the effectiveness of this method was strongly influenced
by season and weather, was demanding of resources, and that a proportion of the badger
population is “trap-shy’ (Tuyttens et al., 1999). Nevertheless, the ISG considered that, if
implemented intensively enough with a large number of traps laid relative to the anticipated
badger population, and continued for long enough (the I1SG anticipated at the outset that
about two weeks of continuous trapping would be sufficient) — trapping would effectively
capture the majority of the badgers in the area. Gassing was considered to be out of the
question for a variety of reasons, not least its political unacceptability as reflected in the
ministerial decision to abandon this culling method in 1982. The main alternative method
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of capture, snaring, was recognised to be possibly more efficient in terms of capture rate
and cost. However, it had potentially severe disadvantages in terms of animal welfare to
both badgers and non-target species that might also be caught, and the public image of
snaring was strongly negative.

Animal welfare considerations

2.28 Badger welfare was taken into account in the design of RBCT methods. Not only
were there legitimate concerns that some trapping methods would entail suffering for
badgers, but also methods perceived to involve cruelty could attract widespread public
criticism and jeopardise both the RBCT and any decision about culling policy in the future.
This was a concern in relation to the treatment of lactating female badgers during the RBCT
culling operations. Under the previous ‘clean ring” and “interim’ strategies, trapping had
been conducted year-round but lactating females were released to avoid leaving dependent
cubs underground to starve. Both the Dunnet and Krebs reports (Dunnet et al., 1986;
Krebs et al., 1997) asserted that this practice was inconsistent in the context of a disease
control strategy. The ISG considered the arguments carefully and concluded that meeting
the concerns over badger welfare was essential to the integrity of the trial, both as an
experiment and as an assessment of a potential policy. It was decided to impose a 3-month
‘closed season’ on all culling, from 1 February to 30 April (inclusive) every year. Given
the typical times of births and weaning these dates would avoid taking badgers at a time
when there were most likely to be dependent cubs underground (Woodroffe et al., 2005a).
This moratorium was thought unlikely to affect the efficacy of proactive culls, for which
there was flexibility in scheduling initial and follow-up culls — and cage trapping was
known to be far less effective in the winter months anyway (Woodroffe, 1995). However,
it might be more disadvantageous for reactive culling where there was considered to be a
need to minimise any delay between a herd breakdown being confirmed and initiating the
consequent cull of badgers.

2.29 A second and significant welfare issue related to the way in which badgers were
killed once captured in a cage trap. The appropriate method was to kill by gunshot, but the
skill and the precision with which this was administered was critical to ensure that death
was instantaneous, with minimal stress to the badger and no suffering — not to mention the
safety of the staff in the field. This would not always be easy to attain in field conditions,
perhaps in harsh weather and with the animal not presenting itself conveniently. It was
evident that careful guidance and specific training needed to be given to field staff to ensure
welfare of badgers and human safety. Similarly it was necessary to minimise the levels of
stress and injury suffered by badgers while confined within a cage trap, and procedures
were defined to ensure inspection of all traps as early as practicable in the morning after
these were set. In addition, detailed procedures were established for handling and release
of non-target species that would inevitably be captured in some of the traps. Finally, in
order to feel reassured that its procedures were appropriate and defensible in welfare terms
the ISG further decided to instigate careful data collection to enable analyses of badger
welfare to be undertaken during the trial. (See paragraphs 2.60 to 2.66 for results of these
investigations.)

Administrative and operational matters

2.30  All the field activities involved in the trial were to be undertaken by staff of MAFF’s
Wildlife Unit (WLU) under the guidance and management of a National Trial Manager who
was to work closely with the ISG and participate in its meetings. The WLU staff operated
from two centres, in Cornwall and in Gloucestershire, and were highly experienced in
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most aspects of the trial operations having been responsible for implementing previous
badger culling policies. The 1SG recognised that triplets would have to be enrolled in
sequence and that it would take some time before the whole trial was up and running (the
original expectation had been that all 10 triplets would be in place by the end of 1999). The
WLU had to have the capacity to undertake a sequence of initial proactive culls, maintain
a programme of follow-up proactive culls, and be capable of responding rapidly when
reactive culls were called for. This clearly imposed substantial demands on them, and the
ISG therefore stressed the need for planning the provision and mobilisation of sufficient
extra resource, and for additional staff to be recruited and trained to accomplish the rising
level of trial tasks. These tasks included initial field surveys of badger activity; the siting
and setting of traps; the humane killing of badgers; the sampling, labelling and delivery
of carcasses, with recording of each capture location, to the laboratories for post mortem
examination; and the subsequent monitoring of badger activity in all trial areas. The ISG
was conscious from the outset of its dependence on the skill and co-operation of WLU
staff, and were reassured by their professional approach and commitment to their role.
The ISG understood the need to work closely with them, and ensured arrangements were
in place whereby the 1ISG and WLU staff could exchange information and feedback on
experiences as the trial progressed.

2.31 In addition to fieldwork capability, the trial was to make substantial demands
on laboratory capacity within the Veterinary Laboratories Agency (VLA), who were to
undertake the post mortem examination of badger carcasses as rapidly as possible after
they became available from culling operations, along with tissue sampling, culturing
and genetic typing of M. bovis infection when discovered. This in turn necessitated the
provision of additional resources, not only of laboratory staff but also the appropriate
facilities required by health and safety regulations. Thus, the required support structure for
the RBCT was of considerable magnitude, and the ISG devoted much attention to initiating
and co-ordinating its availability.

2.32  As part of this framework of arrangements the ISG, in association with MAFF
(and subsequently its successor, Defra), developed a series of detailed Standard Operating
Procedures (SOPs) for all aspects of the trial, which were to be kept under constant
review and updated with experience. The SOPs were conceived as ensuring the clarity,
rigour and consistency essential in a science-based information gathering process, and
were to provide a valuable reference point for subsequent analyses of trial outcomes.
The procedures detailed included surveying for badger activity, delineation of trial area
boundaries, trapping, humane dispatch of captured animals, post mortem protocols, and
laboratory culture procedures for M. bovis. A list of all the SOPs developed is contained in
Appendix F.

2.33  The initiation of the trial had received much publicity among farming and rural
communities, and it was realised that the culling operations were potentially an emotive
and high profile issue. The I1SG therefore held a public meeting in the vicinity of each
triplet around the time that landholder consent was being sought, with the aim of explaining
the trial and its objectives to local communities. Nevertheless, much opposition had been
declared by badger interest groups and direct interference from animal rights activists had
been volubly threatened. In the light of these concerns, and notwithstanding its belief in
the principle of open government, the 1ISG advised MAFF/Defra to give only the most
basic of information concerning the location of triplets and issue no advance information
about the areas to which culling treatments had been allocated (though it recognised this

41



would rapidly become well known as soon as WLU staff were in the field to start laying and
pre-baiting traps). It was necessary to give full advance information to the police forces
in those areas where culling was to take place, taking security advice from and working
closely with those forces, to ensure adequate protection of WLU staff and to minimise as
far as possible physical interference with field personnel and traps and disruption of the
trial operations.

Independent audit arrangements

2.34 A further issue to which the ISG attached considerable importance from the
beginning was the need for formal independent audits of core aspects of the trial to be
undertaken and repeated at appropriate intervals. This was seen as essential to give the ISG
confidence that the work being undertaken on its behalf was done to the highest standards,
and to reassure external observers of the objectivity with which the trial was being pursued.
An auditor was appointed initially to review the field procedures of surveying, social group
delineation and badger removal, followed by a second auditor to evaluate the welfare aspects
of the way trapped badgers were killed. The programme of audits was to be developed as the
RBCT progressed, and in recognition of the importance of the laboratory-based services
on which the findings would be dependent the need for audits of post-mortem protocols
and bacteriological culture procedures was identified. Finally, the ultimate value of the trial
was to be embodied in the strength and validity of its empirical findings. This highlighted
how essential it was to audit fully all aspects of the data collection and handling processes
as well as statistical aspects of the trial. Auditors were to be given free rein to enquire into
all aspects that fell within their remit and were expected to write full reports, along with
any recommendations they considered appropriate, with their reports to be made public
when completed. Appendix E lists the programme of audits undertaken throughout the
trial, along with summaries of any subsequent action taken, and provides references to
access the various audit reports.

2.35 AftertheRBCT wasestablished, cullinghad commencedand datawere accumulating,
Defra instituted an over-arching audit of the objectives and operation of the trial. The
review group set up for this purpose (formally the Independent Scientific Review of the
Randomised Badger Culling Trial and Associated Epidemiological Research) considered
the design and implementation of the trial, the epidemiological studies the ISG had initiated
(see paragraphs 2.39 to 2.46) and explored some of the scientific issues needed to underpin
a badger control policy. The review group’s report (Godfray et al., 2004) recommended
continuing support for the work of the ISG and its work programme and offered Defra
specific advice. The I1SG response is available at http://www.defra.gov.uk/animalh/tb/isg/
pdf/isgresp.pdf.

Communication, confidentiality and data release

2.36 From the outset the 1SG recognised the need for the objectives and scientific
credentials of the RBCT to be clearly presented to interested parties, with accurate and
accessible information about the work to be disseminated as it developed. This was not only
an important reflection of the Group’s philosophical stance of openness and objectivity,
but it also had relevance for practical reasons. Since participation in the trial was entirely
voluntary, maximising the co-operation of landowners and occupiers would to a large
extent be influenced by how well the trial’s aims were communicated and understood. In
this sense it was important that landholders recognised the RBCT as an essential practical
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step in the search for a sustainable approach to the long running and so far seemingly
unresolvable problem of TB in cattle, and so perceived the importance of the contribution
they could make.

2.37  Clearly some aspects of the trial would need to remain confidential, at least in the
first instance. This included the identities of landholders and their agreement to participate
and, in the light of predicted interference by animal rights activists, the locations and timing
of planned culling operations. The I1SG believed also that premature release of data on the
incidence of herd breakdowns within trial areas could jeopardise the viability of the whole
investigation by undermining compliance with the regimes proposed. It was feared that
in the initial phases, for example, before a full database had built up, that any apparent
changes in the number of breakdowns might appear, due to random fluctuations, to suggest
conclusions not confirmed by subsequent data. The ISG felt strongly that merely issuing
warnings against ‘over-interpretation’ would be ineffectual in this context, and so considered
it essential that the incidence data be kept strictly confidential until the ISG advised that
reasonably firm conclusions could be drawn and reported to Ministers accordingly. Such
information restrictions are consistent with accepted practice in the conduct of clinical
trials and, notwithstanding the keen interest of both stakeholders and members of the
research community, the 1SG considered confidentiality to be of paramount importance.
Indeed, this principle was rigorously applied within the ISG, too, to avoid any danger of
unreliable information unwittingly affecting its collective thinking. As data accumulated
and trial findings started to emerge from the regular interim analyses, the results were to
remain exclusively confidential to the two members responsible for the analyses and the
statistical auditor; other ISG members, including the Chairman, were to be informed only
when statistically significant effects were detected. This is in accord with standard practice
in, for example, randomised clinical trials involving human patients.

2.38  Nevertheless, the ISG declared a basic policy of being as open as possible (giving
due consideration to practicality) and specified a long list of data that it believed should
properly be made available to any interested parties at the earliest opportunity. We prioritised
publishing our findings in leading peer reviewed scientific journals with concurrent release
of all relevant data in order that a full assessment of our work could be made by any
interested member of the scientific community. In addition, it was anticipated that public
‘open’ meetings would be arranged, and members were ready to participate in meetings
with a wide range of stakeholders to explain and update information about the trial. The
ISG’s general communications to the Minister, as well as the periodic formal reports the
ISG would prepare, were all intended to become openly available. We have instructed Defra
that all papers relating to our work be released into the public domain.

The associated research programme

2.39 From the start of its work the ISG has been conscious of the complexity of the
cattle TB situation, and has continually stressed that the problem will be resolved only by
taking a wide-ranging approach to assembling the information and understanding essential
to develop predictably effective control policies. Thus, as well as designing and putting in
place the RBCT, the ISG gave considerable thought to the areas and priorities for targeted
studies to which MAFF/Defra should direct its research funding.

2.40 The ISG undertook to design and analyse a major epidemiological survey (called
the TB99 survey) to investigate risk factors associated with herd breakdowns and to seek
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conclusions about any actions that farmers themselves could take to defend against the
disease. (Results from the studies undertaken are summarised in Chapter 6 of this report.)

2.41 The ISG also advised on the merits of undertaking a structured survey of badger
carcasses recovered from road traffic accidents (RTAS) to establish if a survey of this kind
could provide useful information on TB prevalence in badgers outside of trial areas. Some
discussion of the findings from these RTA surveys are given in Chapter 4, while the full
results and analyses are available at http://www.defra.gov.uk/animalh/tb/isg/publications/
1sg1607.pdf.

2.42 The ISG strongly supported a continuing programme of research to develop more
effective vaccines, with potential for badgers as well as cattle, as a longer term goal and
conducted a vaccine scoping study (Bourne et al., 2003) to facilitate this line of inquiry.
The outcome of that study is summarised in Chapter 8.

2.43 The ISG saw a critical need for, and proposed, a number of research initiatives
to provide a better understanding of the pathogenesis and epidemiology of the disease in
cattle, and its dynamics, and in particular to improve its diagnosis. The 1SG believed this
had not been sufficiently addressed in the past, with the result that the potential role and
importance of cattle-to-cattle transmission had been underestimated.

2.44  The ISG’s consideration of needed research also addressed gaps in understanding
of badger ecology and behaviour, the consequences of badger removal for TB dynamics,
the potential role of other wildlife species in maintaining M. bovis infection, and the
environmental impact of removing badgers from ecosystems. Finally, in the light of the
fact that selection of appropriate disease control strategies and the manner in which these
are applied are dependent, not only on their predicted technical effectiveness but also
necessarily involving economic considerations, the 1SG outlined a number of economic
studies designed to enable the economic evaluation of policy options.

2.45 The research needs identified by the ISG were incorporated into MAFF/Defra’s
research requirements documents which MAFF/Defra published prior to each round of
research funding, and initiated a series of relevant studies which have considerably enlarged
the formal evidence base for developing and managing TB control policy.

2.46 A list of MAFF/Defra-funded RBCT-related research projects appears in Appendix
P and the summary reports are available on the Defra website. Where they link in directly
with ISG analyses and recommendations, some of the detailed results of these research
studies are discussed in subsequent Chapters of this report.

THE PROGRESS OF TRIAL ACTIVITIES
Enrolment of triplets

2.47  After selection of specific geographic locations for the three trial areas in a triplet
and preliminary mapping, the precise boundaries of each trial area were subject to marginal
adjustment in the light of relevant features (such as urban boundaries, major roads and
rivers) and then finalised by the ISG. All identified landholders were then contacted in
writing, informing them their land was included in a trial area (though treatments had not yet
been allocated) and their participation requested. Surveying of the land then commenced.
Based on this, final precise boundaries for each ‘treatment area’ (the area within which all
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culling would occur if the trial area was later allocated to the proactive treatment) were
delineated so as to encompass whole farms and their associated badger social groups
(see Figure 2.1). The treatments were then randomly allocated to the three areas. The first
triplets enrolled were A and B in 1998 (see Table 2.1), and subsequent triplets were then
enrolled as resources allowed and the schedule of initial proactive culls could be planned.
The enrolment and initiation of culling in successive triplets extended over a longer period
than had been anticipated, and was hampered by resource and logistic problems — and not
least the interruption due to the nationwide foot-and-mouth disease epidemic in 2001 (see
paragraphs 2.67 to 2.71).

2.48 Table 2.1 shows how activity unfolded across the 10 triplets as the trial operations
progressed and triplets were brought into being over a period of 29 months. The table gives
the key information about the dates for the mapping, beginning of surveying for signs of
badger activity, the initial proactive cull and the first reactive badger cull. Figure 2.2 shows
the geographic locations of all thirty trial areas.

Table 2.1: Dates of key operations in establishing and implementing triplets.

Triplet Dates
Initial Beginning of ~ Treatment Completion Completion
mapping of surveying allocation of the initial of the first
trial areas proactive cull  reactive cull
A Gloucs/Hereford 11-Jun-98 08-Aug-98 20-Apr-99 28-Jan-00 Jul-00
B Cornwall/Devon 11-Jun-98 28-Aug-98 11-Nov-98 13-Dec-98 Jun-99
C East Cornwall 10-Mar-99 30-Mar-99 13-Sep-99 29-Oct-99 May-00
D Hereford 19-Mar-99 04-May-99 11-Nov-02 18-Dec-02 Sep-03
E North Wiltshire 05-Oct-99 08-Nov-99 27-Mar-00 26-May-00 Jun-02
F West Cornwall 04-Nov-99 05-Jan-00 24-May-00 18-Jul-00 Aug-02
G Derbys/Staffs 15-Mar-00 06-Jun-00 03-Oct-00 10-Nov-00 Aug-02
H Devon/Somerset 15-Mar-00 10-May-00 20-Oct-00 15-Dec-00 Jan-03
I Gloucestershire 10-Nov-00 05-Dec-00 13-Sep-02 08-Oct-02 May-03
J Devon 10-Nov-00 29-Nov-00 06-Sep-02 18-Oct-02 -

Note: no reactive culling took place in triplet J.
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Figure 2.2: Map of proactive (shaded), reactive (hatched) and survey-only (open) trial areas of the RBCT.
Grey shading indicates parish testing intervals, which give an approximate index of local TB
incidence; parishes with the lowest incidence are assigned four yearly testing (white) and
highest incidence are assigned annual testing (dark grey). Testing was conducted annually
inside all trial areas.

Taken from Supplementary Information of Donnelly et al., 2006.

Land access

2.49 The ISG were conscious that the effectiveness of badger removal was dependent
on the ability to set traps to target badger social groups across the designated culling areas.
Because of landholders’ rights to participate or not, as they chose, in the trial, culling
could be conducted only on land to which they had formally granted access. As explained,
landholders were contacted as soon as trial area locations had been designated, but in some
instances access was denied, or the ownership of land parcels could not be determined,
and so those areas had to be regarded as “inaccessible’. Across the 10 proactive treatment
areas, some 70% of the land inside proactive treatment areas was directly accessible for
culling (Table 2.2). Of the remaining land, 73% (amounting to 22% of the total proactive
area) fell within 200m of accessible land. Wherever possible, traps were set at appropriate
locations along the boundaries of inaccessible land in proactive areas to try to remove the
badgers resident in the inaccessible land parcels (Donnelly et al., 2007). Because of the
typical nature of badger ranging, this land should have been readily targeted by the culling
conducted along its boundaries. See paragraphs 2.57 to 2.59 for a discussion of the impact
of land access on badger removal rates.
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Table 2.2: Percentages of land accessible for culling within proactive treatment areas. Data relate to
consent status at the outset of the trial (Donnelly et al., 2007); see Appendix G for details on how consent
levels changed over the course of the trial.

Proactive trial area
A B C D E F G H | J All

% of treatment area 79% 87% 81% 73% 66% 50% 65% 67% 64% T75% 70%
accessible for culling

% of inaccessible 80% 82% 82% 79% 79% 66% 83% 59% 62% 74% 73%
land <200m from
accessible land

2.50 The issue of land access was not a major consideration in relation to reactive culling
operations. This was because reactive culling was restricted to the home ranges of badger
social groups, judged on the basis of field surveys, to include land occupied by cattle herds
that had experienced recent TB breakdowns.

Culling operations within the RBCT

2.51 In each triplet, an initial proactive cull was conducted as soon as possible after
allocation of trial areas to treatments; as Table 2.3 shows, in most cases this proactive
cull was completed (thereby defining the effective start of the treatments) within one or
two months of treatment allocation, but in one case took as long as 8 months because of
special difficulties. ‘Follow-up’ culls to maintain the reduction in the badger population
were repeated approximately annually thereafter. Table 2.3 shows the dates of the sequence
of culls in each of the proactive areas in the different triplets, and Table 2.4 shows the
numbers of badgers taken. Proactive culls covered all the land accessible across entire
trial areas (roughly 100km?). Of 51 proactive culls, 47 covered the entire area in a single
operation. The other four (all follow-up culls, in three trial areas) were conducted in
several large ‘sectors’ over periods of several months. This sector-based “maintenance
culling” was adopted because it was thought likely by WLU staff that this would reduce
the logistical difficulties of culling large areas; however, this turned out not to be the case
and the approach was then abandoned. The average initial cull captured 314 badgers (range
55-605), and the average follow-up cull captured 141 badgers (range 48-369).

2.52  The reactive treatment involved a series of localised culls carried out in response to
specific cattle TB breakdowns. When TB was confirmed in a cattle herd within a reactive
trial area, field staff mapped the land used by the affected herd. Survey data were then
used to estimate the likely home ranges of badgers using this land, and to identify their
setts (sometimes on neighbouring properties). Areas targeted for culling in this way often
coalesced where multiple cattle herds in the same vicinity were affected by TB; hence the
169 confirmed breakdowns which prompted reactive culling were covered by 76 culling
operations. The average reactive culling operation captured badgers within an area of
5.3km?,

2.53  Table 2.5 shows the dates of reactive culling operations in each triplet, and Table 2.6
presents the numbers of badgers taken by MAFF/Defra. The years shown are “culling years’
and are the period between 1 May and the following 31 January; the intervening months of
February-April being the closed season adopted by the ISG. The average reactive operation
captured 27.2 badgers (range 2-87). The median time lag between the first cattle slaughter
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date of reactor cattle on a breakdown (a proxy for the date infection was confirmed in
cattle), and the date the first badger was culled on the associated reactive operation was 211
days (inter-quartile range 146-323 days). When breakdowns are divided into clusters (with
each cluster prompting a single culling operation), the median time lag between the earliest
slaughter date of cattle in the cluster and the first badger cull date was 254 days (inter-
quartile range 166-453 days). In principle, any lag between the confirmation of infection in
a herd and the consequent reactive culling of the farm’s badger population is undesirable if
the objective is to curtail further spread of infection from badgers to cattle, and if badgers
were the initial cause of the breakdown. However, the practical realities of implementing
a culling policy result in unavoidable delays while the breakdown is confirmed, badger
territories are then mapped and field operations organised and implemented. Additionally
reactive culls were sometimes delayed while tuberculin tests were conducted on herds
contiguous with the index herd, to ensure that culling operations covered all affected farms
within a cluster. The delays to culling experienced in the reactive treatment of the RBCT
were similar to those characteristic of past culling policies (Woodroffe et al., in review).

Table 2.3: Dates of initial and follow-up culls in proactive areas, by triplet. Proactive areas received
between four and seven successive culls.

Triplet Initial cull ~ Second cull ~ Third cull  Fourth Fifth cull Sixth Seventh

cull cull cull
A Jan 2000 May 2002 Nov 2003 May 2004 Oct 2005
B Dec 1998 Nov-Dec Aug 2000-  Nov-Dec  Jun 2003 Jul-Aug Oct 2005
1999 Jan 2001*  2002* 2004
C Oct 1999 Jan 2001 Aug-Nov Oct 2003 Jun 2004 Sep
2002* 2005
D Dec 2002 May 2003 Sep 2004 May 2005
May 2000 Jan 2001 Jun 2002—-  Jun 2003  Jul 2004 Sep
Jan 2003* 2005
F Jul 2000 May 2002 Dec 2003 Sep 2004 Jun 2005
G Oct—Nov Jul 2002 Jul 2003 Jun 2004  Jun 2005
2000
H Dec 2000 Jun-Jul 2002  Sep 2003 May 2004  Jul-Aug
2005
| Sept-Oct Sep-Oct Oct-Nov Jul 2005
2002 2003 2004
J Oct 2002 Jul-Aug Oct—Nov May 2005

2003 2004

*Culling was performed in sectors between these times
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Table 2.4: Total numbers of badgers (of all age classes) culled in proactive areas, by triplet and culling
year (defined to run from 1 May — 31 January). (Includes 19 badgers found dead in proactive areas.)

Triplet 1998 1999 2000 2002 2003 2004 2005 Total
A 55 149 52 58 48 362
B 239 85 74 49 172 111 58 788
C 247 111 126 132 187 163 966
D 293 369 211 182 1055
E 7471 96 258 214 148 1463
F 452 249 103 220 155 1179
G 427 205 144 103 117 996
H 162 231 71 75 54 593
| 219 176 93 173 661
J 442 187 109 109 847
Total 239 387 1,973 2,059 1,664 1,381 1,207 8,910

tCombined total for initial and follow-up cull completed in the same year

Table 2.5: Approximate dates of reactive culling, by triplet and culling year (defined to run from 1 May

— 31 January). Reactive culling operations occurred between the dates indicated. Triplet J was eligible for

reactive culling in 2003 but no culls had been performed when the reactive treatment was suspended in

November 2003.
Triplet 1999 2000 2002 2003
A Jul-Nov 2000 Jan 2003 May 2003
B May-Dec 1999 Aug-Sep 2000 Sep 2002-Jan 2003 May-Jul 2003
C May-Aug 2000 Jul 2002—-Jan 2003 May 2003
D Aug-Sep 2003
E Jun 2002-Jan 2003 Jul-Oct 2003
F Jul 2002-Jan 2003 Jun-Sep 2003
G Aug 2002-Jan 2003 Sep-Oct 2003
H Jan 2003 Sep-Oct 2003

May-Sep 2003
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Table 2.6: Total numbers of badgers (of all age classes) culled in reactive areas, by triplet and culling year
(includes 3 badgers found dead in reactive areas). Triplet J was eligible for reactive culling in 2003 but no
culls had been performed when the reactive treatment was suspended in November 2003

Triplet 1999 2000 2002 2003 Total
A 34 47 36 117
B 73 34 84 110 301
c 179 115 101 395
D 122 122
E 62 126 188
F 145 291 436
G 172 84 256
H 17 143 160
I 94 94
J 0 0
Total 73 247 642 1,107 2,069

Trapping procedures and capture rates

2.54  Trap deployment at each capture site (usually a sett) was determined by the level
of badger activity detected at the time, with the number of traps set intended to exceed the
number of badgers that experienced field staff expected to capture. Traps were placed (but
not set) and pre-baited with peanuts for 1-2 weeks, and were then set in the late afternoon,
and visited next morning. Standard operating procedures prescribed that initial proactive
culling operations be conducted over 11 consecutive nights; however, as an exception,
security concerns in Triplet A dictated a discontinuous eight-night initial proactive cull.
‘Follow-up’ proactive culls and reactive culls were conducted over eight nights. Badgers
captured were dispatched by gunshot (see paragraphs 2.60 to 2.66); captured animals other
than badgers were released wherever possible, or dispatched humanely if deemed too badly
injured for release.

2.55  The numbers of traps placed at each sett exceeded the total number of badgers that
experienced field staff expected to capture there so as to avoid constraining capture rates by
forcing badgers to compete for traps. Over the whole period of the RBCT, proactive culling
involved an estimated 160,893 trap nights conducted over 51 operations, with an average
of 298.5 traps deployed per night on each operation (Table 2.7; Woodroffe et al., in press).
This represented an average ‘capture effort’ of 40 trap-nights/km?/year over periods of 4-
7 years. There were 62 reactive culling operations for which data on trapping effort were
available, and these comprised a total of 21,109 trap nights with an average of 42.6 traps
being deployed per night on each operation (Table 2.8, Woodroffe et al., in press).

2.56  Not every trap that was set on every night in the culling operations was available to
catch a badger. This is because some traps captured species other than badgers, or (despite
the strong support provided to WLU staff by the local police) were disturbed by people
protesting at the operations of the RBCT. Occasionally, interference and capture of non-
target species together meant that no traps were available to badgers at a particular sett,
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even though traps had been placed there. On an average trap night, 6.1% of trapped setts
in proactive areas, and 3.4% of those in reactive areas, were affected in this way. After
accounting for such factors, on the first night of culling operations badgers were found in
20.1% of traps in proactive areas and in 30.2% of traps in reactive areas (Woodroffe et al.,
in press). Capture rates declined rapidly after the first night, averaging 6.1% in proactive

areas (Table 2.7), and 8.8% in reactive areas over the whole trapping period (Table 2.8).

Table 2.7: Capture rate, and interference with trapping, on culling operations conducted in proactive
areas, summarised by triplet. Data from Woodroffe et al. (in press)

Triplet Number of Total Number (%) animals caught Number (%) trap nights
operations trap disrupted

nights Badgerst other badgers other

species] released interference

A 5 10,751 362 (3.9%) 176 (1.6%) 12 (0.1%) 1,232 (11.5%)
B 7 26,806 787 (3.1%) 181 (0.7%) 28 (0.1%) 1,276 (4.8%)
C 6 22,111 964 (4.7%) 120 (0.5%) 36 (0.2%) 1,637 (7.4%)
D 4 13,841 1,052 (8.4%) 160 (1.2%) 12 (0.1%) 1,177 (8.5%)
E 6* 19,773 1,459 (8.2%) 44 (0.2%) 22 (0.1%) 1,922 (9.7%)
F 5 14,653 1,177 (9.9%) 124 (0.8%) 68 (0.5%) 2,581 (17.6%)
G 5 13,624 995 (8.0%) 87 (0.6%) 54 (0.4%) 1,047 (7.7%)
H 5 16,023 590 (3.9%) 465 (2.9%) 15 (0.1%) 480 (3.0%)
I 4 10,887 659 (6.6%) 226 (2.1%) 7 (0.1%) 710 (6.5%)
J 4 12,424 846 (7.3%) 36 (0.3%) 23 (0.2%) 713 (5.7%)
Total 51 160,893 8,891 (6.1%) 1,619 (1.0%) 277 (0.2%) 12,775 (7.9%)

T percent capture rate calculated as the number of badgers caught and dispatched per available trap per
night, where available traps are defined as those not disturbed and not occupied by another species.

11 percentages calculated as the proportion of all trap nights affected.

*includes two operations conducted in one culling year.
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Table 2.8: Capture rate, and interference with trapping, on culling operations conducted in reactive areas.
(No reactive culling was performed in Triplet J.) Data from Woodroffe et al. (in press).

Triplet ~ Number of  Total Number (%) animals caught Number (%)t trap nights
operationst trap disrupted
nights Badgerst other badgers other
speciest released interference
A 7 1,600 83 (5.3%) 29 (1.8%) 1 (0.1%) 1 (0.1%)
B 5 3,457 194 (6.0%) 56 (1.6%) 0 (0.0%) 169 (4.9%)
C 13 2,595 216 (9.5%) 12 (0.5%) 8 (0.3%) 312 (12.0%)
D 4 1,600 122 (7.7%) 7 (0.4%) 0 (0.0%) 2 (0.1%)
E 10 2,468 188 (7.7%) 22 (0.9%) 1 (0.0%) 14 (0.6%)
F 10 3,967 435 (11.8%) 9 (0.2%) 14 (0.4%) 271 (6.8%)
G 6 2,549 256 (10.4%) 14 (0.5%) 1 (0.0%) 82 (3.2%)
H 4 1,898 159 (9.1%) 75 (4.0%) 2 (0.1%) 73 (3.8%)
| 3 975 94 (10.0%) 10 (1.0%) 2 (0.2%) 19 (1.9%)
Total 62 21,109 1,747 (8.8%) 234 (1.1%) 29 (0.1%) 943 (4.5%)

T ‘number of operations’ refers to the number of reactive culling operations for which capture effort data
were available, not the total number of operations performed.

T rates calculated as in Table 2.7.

2.57 In proactive treatment areas, badgers were trapped only on land where landholders
had given consent to culling. However, efforts were made to capture badgers resident on
inaccessible land by placing traps on nearby accessible land. To assess the effectiveness
of these efforts, the ISG analysed capture rates within 200m of inaccessible land within
trial areas. This involved comparing the badger removal rate on accessible land (less the
200m zones around inaccessible land) with that in the 200m zones, and with that in the
inaccessible land and 200m zones combined.

2.58 Data on capture rates suggest that substantial numbers of badgers were removed
from inaccessible land by trapping in the surrounding 200m zones. If badger density was
uniform across trial areas and no badgers were taken from inaccessible land then, based on
the relative area of accessible land, inaccessible land, and 200m zones, 44% fewer captures
would be expected per km? in 200m zones plus inaccessible land, than on the remaining
accessible land. In fact, on initial culls, only 28% fewer badgers were taken from each km?
of 200m zones plus inaccessible land, with the 95% confidence interval (8% to 43% fewer,
p=0.007 for the hypothesis of no difference between capture rates) indicating a removal
rate significantly greater than expected (44% fewer, p=0.033, Donnelly et al., 2007). This
effect differed (interaction p=0.014) between initial and follow-up culls; on follow-ups
there was no difference in removal rate between land types with different accessibility (3%
fewer on inaccessible land plus 200m zones; 95% CI: 17% more to 20% fewer; p=0.74).

2.59 These patterns suggest that trapping around the boundaries of inaccessible land
successfully removed substantial numbers of badgers from this land, particularly on follow-
up culls (Donnelly et al., 2007).

52



Badger welfare

2.60 Badger welfare was an issue of concern to the ISG from the beginning of its
consideration of the trial, and several measures were taken to minimise welfare costs for
the badgers targeted by culling. Independent auditors reviewed carefully the trapping
procedures and methods by which the badgers captured were killed (by gunshot) and in every
case deemed the dispatch method “humane”. Defra made several small improvements to
methods and staff training in response to auditors’ suggestions (Kirkwood, 2000; Ewbank,
2003; Ewbank, 2004; Anderson, 2005; Anderson, 2006).

2.61 All badgers were closely examined at post mortem and a number of observable
characteristics of their condition recorded. These data then allowed detailed studies to be
undertaken to assess the level and extent of trap-related injuries the animals had sustained.
The substantial majority of badgers (87%) showed no evidence of detectable injuries as
a result of confinement in the trap (see Table 2.9). Of the injuries that were recorded,
most (69%) were minor skin abrasions. The incidence of trap-related injuries of this nature
declined over the course of the RBCT, partly as a result of improvements to trap design
(Woodroffe et al., 2005b).

Table 2.9: Summary of trap-related injuries recorded in the RBCT. Data are restricted to badgers not
contaminated with mud (which may conceal minor injuries) and are taken from Woodroffe et al., (2005b)
and Woodroffe et al., (2007Db).

Count Percentage (%)

Injury type Culling year Culling year

2000 2002 2003 2004 2005 2000 2002 2003 2004 2005

Injury to teeth

. 22 56 55 17 10 1.3 2.4 2.1 14 0.9
or jaw

Cuts or serious

) 15 61 62 29 18 0.9 2.6 2.4 2.3 1.6
abrasions

Minor abrasions 206 178 236 83 71 12.1 7.6 9.2 6.6 6.5
No injury 1,455 2,033 2,212 1,128 994 85.7 87.3 86.2 89.7 909

Total 1,698 2,328 2565 1,257 1,093 100 100 100 100 100

2.62  An additional cause for concern about the welfare of badgers subjected to culling
involves killing mothers with dependent cubs which cannot themselves be captured
(Woodroffe et al., 2005a). Badger cubs are born underground, and do not emerge from
the sett until they are around 6-8 weeks old. Killing a breeding female badger during this
period of dependency will therefore leave her cubs to die of starvation or dehydration
below ground. This gives cause for concern since such a death is likely to involve suffering.
By contrast, once cubs are moving regularly outside the sett, they are easily captured in
cage traps and can be dispatched humanely.

2.63  To limit the numbers of cubs missed by culling operations, the 1SG instituted a
three-month closed season covering the months of February, March and April; no trapping
was conducted at this time (Woodroffe et al., 2005a). The ISG undertook detailed analyses
of the age and reproductive status of the badgers that had been captured in the months
before and after the closed season, in order to assess the outcomes of this welfare-protecting
measure. From these analyses the ISG conclude that the closed season appeared highly
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effective at limiting the numbers of females caught that had dependent cubs: of 4,617 adult
females captured in 2000-5, only 171 (3.7%) were actively lactating. For comparison, in
high density populations around one-third of adult females raise cubs each year (Neal
and Harrison, 1958; Cresswell et al., 1992; Woodroffe and Macdonald, 1995). The ISG
assessed the capacity of RBCT culling operations to capture the offspring of actively
lactating females in the months of January (immediately before the closed season) and
May (immediately after the closed season, Woodroffe et al., 2005a) in 2000-5. No actively
lactating females were caught in January (Woodroffe et al., 2007a); data from May are
shown in Table 2.10.

Table 2.10: Numbers of actively lactating mothers, and their associated cubs, caught during the month

of May (immediately after the closed season) in 2000-5. Data from May 1999 are excluded because the
methods used to identify breeding females were not consistent with those applied in subsequent years. The
expected number of litters captured equals the number of mothers; the expected number of cubs assumes
an average litter size of 2.36, derived from Neal & Cheeseman (1996). The numbers of litters and cubs
assumed missed by trapping are numbers caught, subtracted from the numbers expected. Data are from
Woodroffe et al. (2005a) and Woodroffe et al. (2007a).

Caught Expected Missed
Year mothers litters cubs litters cubs litters cubs
At setts
2000 4 3 7 4 94 1 24
2002 12 8 15 12 28.3 4 13.3
2003 26 19 41 26 61.4 7 20.4
2004 8 4 11 8 18.9 4 7.9
2005 6 1 1 6 14.2 5 13.2
Total at setts 56 35 75 56 132.2 21 57.2
Away from setts
2000 0 0 0 - - - -
2002 2 2 4 2 4.7 0 0.7
2003 3 0 0 3 7.1 3 7.1
2004 6 1 1 6 14.2 5 13.2
2005 11 0 0 11 26.0 11 26.0
Total away from 22 3 5 22 52 19 47
setts
Grand total 78 38 80 78 184.2 40 104.2

2.64 Data in Table 2.10 suggest that the numbers of cubs suffering starvation through
culling of their mothers in the course of the RBCT was small, relative to the total number of
badgers culled. Between May 2000 and May 2005, the litters of 40 actively lactating females
— approximately eight per year on average — were estimated to have been missed by culling
operations conducted at, and away from, badger setts. Taking into account the possibility
that incomplete litters may have been captured on some occasions, if each lactating female
is assumed to have had a litter of average size for the region, the total annual estimate of the
number of dependent cubs orphaned by culling operations is approximately 21 per year.
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2.65 The data in Table 2.10 give two causes for potential concern, however, which
would need to be addressed if badger culling were to form any part of a future TB control
policy. First, a comparatively large number of cubs appear to have been missed by trapping
operations conducted away from setts. Trapping away from setts was implemented
particularly where access to badger setts was restricted by protestors or by lack of landholder
consent. However, this practice appears to have had the potential welfare cost of allowing
culling of breeding females, but not their unweaned cubs which have much more restricted
movements. A second cause for concern is that the relative number of cubs estimated to
have been missed by culling operations at setts appears to have increased in 2004-5 relative
to 2000-3. The reasons for this are uncertain (Woodroffe et al., 2007a).

2.66  The ISG recognises that any culling procedure is likely to entail some risk of leaving
cubs to starve when their mothers are killed. However, the data currently available suggest
that a careful review of the humaneness of capture protocols — particularly the practice of
trapping away from setts — would be appropriate if badger culling were to be continued by
Defra, or under its auspices.

Interruptions caused by the 2001 foot-and-mouth disease epidemic

2.67  Following the diagnosis of foot-and-mouth disease (FMD) in February 2001, RBCT
field work in the trial areas was suspended until December 2001 as part of MAFF’s FMD
management strategy. The end of this suspension was just prior to the start of the next
closed season (1 February — 30 April 2002) and preparations were therefore undertaken for
the culling season commencing in May 2002.

2.68 The suspension of field activity resulted in effectively a year’s delay in completing
trapping operations. However, because proactive culling had already been completed in 7
out of the 10 triplets, 70% of the overall proactive study area was effectively engaged in
the trial and so data on the effects of badger removal were accumulating throughout 2001.
The primary impact of the FMD suspension was essentially therefore simply to put back
the enrolment of the last three triplets into the trial and not to bring it to a halt. Recognition
of this fact is important in viewing the integrity of the RBCT over its seven years of culling
operations, and to appreciate its scientific strengths.

2.69 When, after the resumption of field activities, follow-up proactive culling was
undertaken in those seven proactively culled triplets (A, B, C, E, F, G and H), it was clear
that in five of these, badger populations had stayed relatively low throughout the period of
suspension, and were probably not markedly higher than they would have been had culling
continued as planned (see Table 2.4). This is an important finding in providing confidence
that the trial has remained robust in these areas despite the suspension of direct activity. In
the other two active trial areas, badger populations had been less markedly suppressed by
initial culls

2.70  Three triplets (D, I, J) in which initial culling had not taken place at the time of the
FMD epidemic, although delayed, were not otherwise affected by the suspension in field
activity.

2.71 While the FMD epidemic entailed some disruption of trial activities, it is worth
noting that this unexpected event ultimately generated extremely valuable insights into the
dynamics of M. bovis infection in both cattle and badgers (Cox et al., 2005; Woodroffe et
al., 2006b).
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3. TB IN CATTLE
Current methods of surveillance

3.1 Monitoring of the cattle population for infection with M. bovis relies primarily on a
national programme of herd testing, which involves subjecting animals in most cattle herds
to a diagnostic test at prescribed intervals. The frequency of herd testing is determined by
the recent incidence, at a local parish level, of herds with confirmed TB, and ranges from
annual testing for herds in parishes with an incidence of 1% or more, to 4-yearly testing
for herds in parishes with an incidence of 0.1% or less. The categories of animals tested
also varies according to the type of test being applied (see Defra 2007a for full details). For
example, all animals over 6 weeks of age must be tested in herds subject to annual testing
whereas only breeding animals and animals intended for breeding are required to be tested
in herds on 2-, 3- or 4-yearly testing. The inspection of carcasses of all animals sent for
slaughter provides an additional means of surveillance. Recently these measures have been
supplemented by the introduction of pre-movement testing of all animals over 6 weeks of
age moved from one farm to another.

Herd testing

3.2 Routine testing of cattle herds is conducted using the single intradermal comparative
cervical tuberculin test (SICCT or ‘tuberculin skin test’). The tuberculin skin test involves
injecting purified protein derivative (PPD) from M. bovis into the skin of the animal at one
site on the neck, and injecting PPD from M. avium at another. Three days later the test is
interpreted based on the size of reaction in the skin. If the reaction to M. bovis is more than
4mm (under so-called standard interpretation) or more than 2mm larger than the reaction
to M. avium (or any positive reaction to M. bovis in the absence of a response to M. avium)
(under severe interpretation), then the animal is categorised as a ‘reactor’. The herd is
placed under movement restrictions, all reactors are compulsorily slaughtered and subject
to post mortem examination, and tissue samples cultured for M. bovis. This event is known
as a herd breakdown. Culture of tissue samples is undertaken in order to confirm bovine TB
in those herds in which none of the reactor animals have visible lesions typical of TB, and
to obtain molecular typing information on M. bovis isolates obtained from all herds; the
recommended numbers of animals sampled are up to five for each epidemiological group
of animals in a herd showing no visible lesions and up to three for groups with one or more
animals showing visible lesions. If either lesions characteristic of TB are identified at post
mortem or the M. bovis organism is cultured, the breakdown is classified as ‘confirmed’
and the severe interpretation of the skin test applied to remaining members of the herd.
Otherwise breakdowns are classed as ‘unconfirmed’.

3.3 Herds in which reactor animals are confirmed as infected are re-tested at minimum
intervals of 60 days until they have had two consecutive clear tests, based on severe
interpretation of the test. They are re-tested again after a minimal interval of 6 months and
after a further 12 months, applying standard interpretation. All reactors removed prior to
the second clear 60 day test are attributed to the breakdown incident and animal movement
restrictions remain in place throughout this period.

3.4 Herds in which infection is not confirmed in reactor animals are also placed under
animal movement restrictions and are retested after 42 days. If this test is clear, restrictions
are lifted and the herd returns to the routine testing cycle.
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3.5  Confirmation of a herd breakdown also triggers testing of contiguous herds (i.e.
any herd with a common boundary with the breakdown herd) and herds from which reactor
animals have been purchased during the period extending back to two months before the
previous herd test (i.e. approximately 14 months for annually tested herds). Any animals sold
by the breakdown farm to other herds during the same period are also tested. Identification
of animals and herds that require testing makes use of the computerised National Cattle
Tracing System.

Slaughterhouse carcass inspection

3.6 The Meat Hygiene Service inspects the carcasses of all cattle sent for slaughter and
any suspected cases of TB are reported to Animal Health (previously the State \eterinary
Service). Tissue samples collected from such cases are submitted for culture and, in the
event of a positive culture, the farm of origin of the animal is subjected to a herd test.
These incidents contribute to the recorded incidence of TB breakdowns, i.e. all herds from
which a confirmed infected slaughterhouse animal originates are classified as confirmed
breakdowns irrespective of whether or not further infected animals are detected at the
follow-up test.

Pre-movement testing of cattle

3.7 An increasing awareness of the risk of spreading TB through movement of cattle
in the periods between routine herd tests led to the introduction in 2006 of a requirement
to test cattle that are moved between herds. Initially testing was applied to animals over 15
months of age from herds on one- or two-yearly testing (with some specific exemptions),
but since March 2007, the lower age limit for these herds was extended downwards to
6 weeks of age. Animals must be tested using the tuberculin test no more than 60 days
before they move to the purchasing farm. The test is applied at standard interpretation, but
if a reactor is detected, all movements from the farm are prohibited and herd breakdown
procedures commence.

The incidence and distribution of the disease

3.8 Bythe mid-1980s the national herd testing and surveillance programme had reduced
the number of cattle herds affected by TB in Great Britain to less than 100 per year, with
500-700 reactor animals slaughtered each year. However, since the late 1980s there has
been a progressive increase in incidence of the disease culminating in 3,512 breakdowns
and the slaughter of 19,963 reactor animals in 2006 (Figures 3.1 and 3.2). This increase in
incidence has resulted in a larger proportion of herds being subjected to annual testing, so
that currently more than 5 million cattle are tested annually compared to around 2 million
in the mid-1980s.
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Figure 3.1: Number and rate of tuberculin test reactors disclosed annually in Great Britain.
(Reproduced from Report of the Chief \eterinary Officer 2006, Defra 2007).
30,000 -6
—=— Reactors slaughterad
25,000 4 ,.'n. nL g Reactors per 1,000
' | animals tests
[ B | |
[ I
5 200004 | | wed b4 o
E | | | 3
@ i | o
-El | | | 8
S 150004 | 4 f -3 2
o | \ “
o | | | 3
8 . \ | o
! \ o
% 10,0004 ' ' r2g
g [ N | g
] I". n | -4
| Y|
5,000 R / . L
g -
l.—."'-l °E 2 -
.\.“--II'.-‘I I—I-.-I-‘.I'.'...
0 TTTTT I_I T I_I T I_I LU I_I T I_I T I_I TTTTTTTTTT I_I T I_.I T IHI T TTT O
5 8 B B B ¥ § % B B E B B OB B g8 §

Figure 3.2: Evolution in the number of TB incidents disclosed annually in Great Britain since 1994.
(Note: The marked fall in 2001 is due to drastic restrictions in national TB testing during
the Foot and Mouth Disease outbreak). (Reproduced from Report of the Chief \eterinary
Officer 2006, Defra 2007).

4000 - @ Confirmed TB incidents

3500 - 7] 1 W Unconfirmed TR incidents

=]

3000 +
2500

2000 -

87c 1044

1500 - =
503
459

1000 4 o

126 38

Number of TB incidents in GB

500 -

3.9 Details of the numbers of herd breakdowns and reactor cattle detected in herds
subjected to testing at different time intervals, for the year 2005 (the most recent year for
which full details are available), are presented in Table 3.1. Herd breakdowns occurred in
11.2% of the (32,569) herds tested in 2005 and an average of 5.1 animals were slaughtered
from each breakdown. Infection with M. bovis was confirmed in 52% of the reactor cattle
and in 65% of the breakdown herds, the latter representing 6.9% of all herds tested. A
large majority of the confirmed breakdowns (80%) were in the regions subjected to annual
testing.
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Table 3.1: Cattle herd testing figures for Great Britain in 2005.

Testing Total herds Herds Herds with Reactors Herds with Confirmed

interval tested* reactors slaughtered  confirmed reactors
reactors slaughtered

1 year 22,461 17,812 2,744 15,146 1803 8,180

2 years 12,501 5,461 582 2,799 299 1,165

3 years 661 218 31 95 10 18

4 years 55,931 9,078 284 580 135 364

Total 91,554 32,569 3,641 18,620 2,247 9,727

(Source, VLA)
Data were derived from VLA (2006; Tables 5.1, 5.8 and 5.9).

* The numbers of herds in each testing interval category were derived from records of the status of the
herds in the period between 1st July and 30th September 2005. The data include tests in which all
eligible animals in the herd were tested (i.e. excluding tests of inconclusive reactors or follow-up tests of
cattle sold from reactor herds).

3.10 The disease is not evenly distributed throughout the country, but rather is focused
in particular regions, notably in the South West of England, South West Wales and parts of
Staffordshire and Derbyshire (Figure 3.3). The same regions have been affected over the
last 20 years, but there has been local spread of the disease and a progressive increase in
the local incidence of breakdown herds.

Figure 3.3: Geographical distribution of TB breakdowns 1986, 1996 and 2006.

3.11  Molecular methods have been developed which allow the identification of different
strains of M. bovis (Smith et al., 2006). A method known as spacer oligonucleotide typing
(spoligotyping) identifies 34 genotypes (i.e. genetically distinct strains) in Great Britain,
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although some occur at a much higher frequency than others. A second method, known as
variable number tandem repeat (VNTR) typing, identifies further genetic diversity within
some of the most common genotypes identified by spoligotyping. Use of these methods
to type a large number of M. bovis isolates obtained from reactor cattle across the country
has revealed a strong geographical clustering of M. bovis genotypes to particular regions
(Figure 3.4; Smith et al., 2006) . This has been taken as evidence of a high rate of local
transmission of infection (cattle-to-cattle and/or wildlife-to-cattle). These typing methods
are also being used to trace the origins of infection in herd breakdowns arising from cattle
movements (see Chapter 7).

Figure 3.4: The geographical localisation of M. bovis genotypes in Great Britain: Panels A and B show
the locations of 50 isolates randomly selected from each of the 11 most common spoligotypes
(excluding spoligotype VLA type 9) found in Great Britain. Panel C shows the locations of 5
of the most common genotypes identified by VNTR typing within spoligotype VLA type 9,
which account for 87% of all type 9 isolates.

Modified from: Smith et al., (2006).

Specificity versus sensitivity of the tuberculin skin test

3.12  Routine testing of thousands of cattle for infection with M. bovis requires a test
with high specificity (defined as the percentage of truly uninfected animals that are
correctly identified) in order to avoid frequent detection of false positives and unnecessary
imposition of herd restrictions. The tuberculin skin test is based on detection of a specific
cellular immune response to M. bovis in infected animals. However, cattle are exposed to
other species of mycobacteria (Pollock and Andersen, 1997), which can stimulate immune
responses that cross-react with M. bovis. For this reason, M. avium antigen is used in the
tuberculin test in an attempt to exclude these cross-reactive responses. The skin thickness
measurement readings that define a positive reaction at standard interpretation of the
tuberculin test are deliberately set to provide a high level of specificity. Two studies, which
involved testing of 10,305 and 1,007 animals, respectively, from TB-free herds, reported
specificity levels of 99.2% and 100%, although the former represented an underestimate,
as the positive animals included an unspecified number of inconclusive reactors (Lesslie
and Herbert, 1975; Neill et al., 1994a). However, high specificity is achieved at some
cost to sensitivity (defined as the percentage of truly infected animals correctly identified).
Therefore, to increase sensitivity, a severe interpretation of the test is applied once infection
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has been detected in a herd. Although a number of workers have published figures for
sensitivity of the tuberculin test (reviewed in Monaghan et al., 1994), the 1ISG considers
that these do not provide an accurate measure of the true sensitivity and that most are
likely to have overestimated sensitivity. The principal reason for this, in most cases, is
the lack of a sufficiently large and representative sample of in-contact tuberculin-negative
animals for post-mortem examination, to allow reliable measurement of the number of
infections that remain undetected. Moreover, many of the datasets on which the figures for
sensitivity were based did not specify the relative proportions of the slaughtered reactors
that were identified at standard or severe interpretation of the tuberculin test. Where such
data were available, the numbers of animals examined were small and often were obtained
from slaughter of whole herds suffering large TB breakdowns, which are unlikely to be
representative of the wider population of infected cattle. The issue of test sensitivity will
be discussed further in Chapter 7.

Alternative diagnostic tests

3.13  The limitation in sensitivity of the tuberculin skin test has stimulated research into
development of alternative diagnostic tests. One such test, known as the interferon-y (IFN-vy)
test (or IFN test), was developed in Australia and used in that country to assist in their
bovine TB eradication programme (Wood et al., 1992; Wood and Rothel 1994). The test
involves incubation in vitro of blood samples with PPD from M. bovis and M. avium and
measurement of the release of IFN-vy in the culture supernatant after 24 hours. As with the
tuberculin skin test, a positive result is based on detecting a differential response to M. bovis
PPD and the cut-off readings that define positivity can be adjusted depending on how the
test is being applied, with high specificity being achieved at the cost of reduced sensitivity.
Field trials of the IFN test in Australia and Ireland, using reading cut-off levels that optimised
the trade-off between sensitivity and specificity, have shown that levels of sensitivity
comparable to, or higher than, that of the tuberculin skin test can be achieved (Wood et al.,
1991; Wood et al., 1992; Neill et al., 1994b; Monaghan et al., 1997). However, the levels of
specificity (96-99%) were generally lower than those obtained with the tuberculin skin test.
Importantly, the two tests have been shown to identify a slightly different population of M.
bovis-infected cattle (Neill et al., 1994b; Vordermeier et al., 2006), such that by combining
the tests it is possible to further enhance sensitivity. Although the limitation in specificity
of the IFN test has curtailed its use as a primary surveillance tool, the test is currently used
in several countries in conjunction with the tuberculin test to enhance detection of infected
animals in herds suffering a TB breakdown. A field trial to evaluate the performance of the
IFN test under UK conditions has recently been completed; the main findings of this trial
and their implications for control policy will be discussed further in Chapter 7 (also see
Appendix I). Defra have announced their intention for wider use of this test.

Disease surveillance

3.14 Inareas of the country at high risk of disease, the majority of herds, but not all, are
subjected to annual herd testing aimed at controlling the disease. Detection of disease in
other areas considered to be at lower risk, based on the recent incidence of herd breakdowns,
relies on strategic surveillance involving testing of herds at prolonged intervals of up to
four years. Thus, approximately 50%, 33% or 25% of herds are subjected to testing each
year in different regions according to the level of risk, representing herd testing intervals
of 2-, 3- and 4-years respectively (Figure 3.5). Testing of all herds in a parish in the same
year is adopted, giving a patchwork pattern of testing. This appears to have been adopted
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for ease of administration rather to provide better surveillance. Surveillance also includes
identification and testing of cattle in herds that have traded animals with the breakdown
herd in the period extending back to 2 months before the previous herd test (see paragraphs
3.1t03.7).

Figure 3.5: Parish testing intervals in Great Britain, January 2005.

3.15 Routine inspection of carcasses for evidence of TB in slaughterhouses is carried out
primarily to protect public health, but also provides an additional means of surveillance to
detect infected herds. Of more than 4 million cattle slaughtered in Great Britain in 2005 out
of a total population of over 8 million, 774 cattle carcasses were reported by meat inspectors
as having suspect TB lesions, of which 516 were confirmed with M. bovis infection by
bacterial culture. This led to follow-up testing of 335 herds not already under restriction,
from which these animals were derived, and detection of further infected animals in 144
of these herds. These incidents account for a relatively small proportion (14% in 2005)
of the total confirmed breakdowns recorded in Great Britain, and a substantial majority
of them (272, i.e. 81%) arise in the higher risk areas subject to 1- or 2-yearly testing.
The efficiency of detection of infected animals in slaughterhouses is discussed further in
Chapter 7 (paragraph 7.17).

Cattle population structure and mobility

3.16  The cattle industry in the UK has undergone substantial change since the 1970s
when the incidence of TB was at its lowest level. Of particular relevance with respect to
TB control, have been increases in herd size and cattle movement. The gradual increase in
average number of animals per herd over this period, exemplified by an increase in dairy
herd size from 46 to 107 animals between 1975 and 2005 (Milk and Dairy Council, 2006),
has important implications for the ability to remove all infected animals from breakdown
herds, using a diagnostic test with incomplete sensitivity (see discussion in Chapter 7).
This is compounded by the large number of cattle movements and the distances over
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which such movements occur (Mitchell et al., 2005). A system to record and trace cattle
movements in the UK, introduced in response to the BSE epidemic, and made compulsory
in 2001, has provided a valuable resource both to quantify and analyse cattle movements
and to trace potential sources of infection suspected to have arisen from cattle movement.
Movement of cattle from infected herds in the periods between routine herd tests has long
been recognised as a cause of new herd breakdowns, and it is generally accepted that most
of the sporadic herd breakdowns in relatively disease-free areas of the country result from
movement of infected animals. The increasing number of such breakdowns, associated
with the progressive increase in TB incidence nationally, has raised concern about the risk
of these incidents leading to introduction of infection into local wildlife populations and
establishment of new foci of endemic infection. While cattle movement undoubtedly also
contributes to local spread of infection between herds in areas continuously affected by TB,
this has been difficult to quantify. However, the large numbers of cattle movements coupled
with the observation that 43% of movements in the south west of the country occur over
a distance of less than 20km (Mitchell et al., 2005), highlight the potential for substantial
local dissemination of infection through animal movement. Pre-movement testing of cattle
moving from farms in high risk areas in England and Wales has been introduced in an
attempt to address these concerns.
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4. ECOLOGY OF BADGERS IN RBCT AREAS, AND THE
EPIDEMIOLOGY OF MYCOBACTERIUM BOVIS IN BADGERS

Introduction

4.1  Asexplained in Chapter 1, at the start of the RBCT there was substantial anecdotal
evidence to suggest that badgers were an important source of M. bovis infection for cattle,
and badger culling had therefore formed a component of British TB control policy for
many Yyears. To understand the relationship between infections in these two host species,
and to devise management strategies to limit spread from badgers to cattle, it is important
to understand the ecology of the infection in badgers. This chapter therefore provides
information on badger ecology in the agricultural landscape, and reviews the effect of
culling on badger populations. It then characterises the prevalence and distribution of M.
bovis infection in badgers, and discusses the effects of culling on these patterns. Finally, it
outlines some of the more recent evidence linking M. bovis infections in badgers and cattle.
Data are taken mainly from RBCT areas, but comparisons are drawn with other studies
where appropriate. Implications of these findings for the future control of cattle TB are
detailed in Chapter 10.

Density and structure of badger populations prior to RBCT culling
Past culling in RBCT areas

4.2  AlIRBCT areas were placed in areas of high TB risk to cattle. For this reason, most
(26 out of 30) had been subjected to badger culling under earlier national policies. Table
4.1 shows the numbers of badgers culled within each area under the ‘interim strategy’
which ran from 1986-1998 (see Chapter 1), immediately before the start of the RBCT.

Table 4.1: The number of badgers culled under the “interim strategy’ (between 1986 and 1998) on land
that subsequently fell inside RBCT areas.

Triplet
Treatment A B C D E F G H | J Total
Proactive 115 399 199 67 203 480 0 55 385 78 1,981
Reactive 300 314 168 64 455 357 0 126 35 94 1,913

Survey-Only 186 342 319 14 239 240 0 31 38 0 1,409

Relative densities of badgers prior to RBCT culling

4.3  Before they were allocated to culling treatments, all RBCT areas were surveyed for
signs of badger activity; Table 4.2 gives the dates of all surveys. Because badgers are active
at night, and rest by day in underground dens (setts), they are difficult to count, especially
over large areas. However, there are broad correlations between the densities of badgers
and the densities of field signs such as setts and latrines (Tuyttens et al., 2001; Wilson et al.,
2003; Sadlier et al., 2004), suggesting that these measures give a reasonable indication of
true badger densities. Initial surveys of field signs revealed that badgers were widespread
in all areas, and appeared to occur at comparable densities across the areas subsequently
allocated to different treatments prior to RBCT culling (Table 4.3).
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Table 4.2: Dates of successive surveys conducted in RBCT areas. Surveys were conducted across all three
areas in each triplet. The first survey of each triplet covered all accessible land; later surveys covered
proportions of the total as indicated. Each survey was conducted without reference to earlier survey data.
In some triplets, initial surveys were interrupted by events (e.g. the 2001 FMD epidemic).

Triplet

First (pre-cull)
survey

Second survey

Third survey

Fourth survey

Fifth survey

A

m

I @ ™

Aug 1998
May 1999

Aug-Nov 1998
Mar-Sep 1999

May 1999—
Oct 2002

Nov 1999-
Apr 2000

Jan-Jul 2000
Jun-Oct 2000
May-Dec 2000

Feb 2000-
Jul 2002

Jan 2001-
Oct 2002

Mar-Apr 2002t

Jan—Feb 2002t
Feb 2002+

Nov 2003-Jan
2004t

Jan—Feb 2003t

Feb 2003t

Feb—Mar 2003t
Feb—Mar 2003t
Nov-Dec 20031

Jan—-Apr 2004t

Jan 2004t

Jan 2004t
Jan 2004t

Feb 2005t

Feb—Mar 2004t

Jan—Mar 2004t
Feb—Mar 2004t
Jan—-Apr 2004t
Nov-Dec 20041

Dec 2004—-
Jan 20057

Nov-Dec 2004t

Jan 2005t

Dec 2004—-
Jan 20057

Jan—Feb 200671

Dec 2004—-
Jan 20057

Nov-Dec 20041
Jan 20051

Nov-Dec 2004t
Feb—Mar 2006t

Jan—Feb 20063

Feb—Mar 2006%

Feb—Mar 2006%
Nov-Dec 2005%

Nov 2005- Jan
20061

Jan—-Mar 20061
Nov—Dec 20051
Nov—Dec 20051

tcovered approximately 20% of each trial area;
tcovered approximately 30% of each trial area.

Table 4.3: The numbers of active badger setts (including ‘main’ and ‘other’ setts) and latrines recorded
per km2 of land accessible for surveying, in the course of initial pre-cull surveys. Statistical analyses
(log-linear regressions adjusting for triplet and log-transformed land area available for surveying) revealed
no significant differences between proactive and survey-only areas in sett (p=0.31) or latrine (p=0.39)
densities before these areas were allocated to treatments (Donnelly et al., 2006).

Triplet
Treatment A B C D E F G H | J Mean
Active setts per km?
Proactive 145 382 265 4.02 424 318 382 458 391 449 362
Reactive 267 159 189 271 316 383 438 6.68 300 741 332
Survey-only 218 101 378 251 415 361 331 761 147 295 3.26
Latrines per km?
Proactive 497 832 895 10.04 884 1326 896 584 430 9.23 827
Reactive 808 647 527 680 868 1389 1064 1095 3.89 14.89 8.30
Survey-only 775 289 877 819 1121 1313 869 1411 260 7.18 845
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4.4 A minimum estimate of badger density in RBCT areas prior to culling can also be
obtained from the numbers of animals taken on initial proactive culls. These numbers need
to be interpreted with caution since the proportions of badgers resident within a trial area that
were captured on a particular initial cull varied according to local conditions such as season,
weather, and disruption by protestors (Smith and Cheeseman, 2007). Nevertheless these
numbers do give a minimum estimate of badger numbers, albeit measured inconsistently
across triplets. Density estimates derived from these numbers — presented in Table 4.4 — are
comparable with those recorded previously in agricultural areas of Britain (Cheeseman et
al., 1981; Kruuk and Parish, 1982 Cheeseman et al., 1985a; Tuyttens et al., 2000b).

Table 4.4: Numbers, densities (numbers per km2 of land accessible for culling within treatment area) and
sex ratios of badgers taken on initial proactive culls. Data from Donnelly et al., (2007) and Woodroffe
et al., (2005c).

Triplet
Age class A B C D E F G H I J All
Area (km?) 822 882 982 759 779 558 740 775 840 83.0 79638

Adults: number 55 230 236 278 440 337 410 145 170 396 2,697
density 0.67 2.61 240 3.66 565 604 554 187 202 477 339
% male 64% 55% 35% 55% 42% 47% 42% 50% 44% 39% 45%

Cubs: number 0 9 7 15 162 109 15 16 49 46 428
density 0.00 0.10 0.07 020 208 195 020 021 058 055 054
% male - 11% 14% 47% 42% 49% 33% 50% 49% 54% 45%

Total: number 55 239 243 293 602 446 425 161 219 442 3,125
density 0.67 271 247 386 7.73 799 574 208 261 533 392

16 badgers of undetermined age or sex have been excluded.
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Structure of badger populations at the start of RBCT culling

4.5 Data from initial culls provide information on population structure at the start of
RBCT culling. The proportions of cubs in the populations were highest on culls conducted
in early summer, shortly after cubs’ first emergence in spring (Woodroffe et al., 2005c); the
lower numbers of cubs caught later in the year is to be expected since cub mortality is high
in the first year of life (Cheeseman et al., 1987; Harris and Cresswell, 1987; Woodroffe and
Macdonald, 1993). Sex ratio varied substantially between triplets (Table 4.4) but overall
there were more females than males, as in most other badger populations (Cheeseman et
al., 1987; Harris and Cresswell, 1987).

4.6 These data from initial proactive culls can also be used to derive minimum estimates
of the sizes of badger social groups. The approximate disposition of badger home ranges can
be estimated from field signs such as setts and latrines (Woodroffe et al., 1999; Cresswell,
2001). Badgers’ capture locations relative to these home ranges can then be used to assign
them, tentatively, to social groups (Woodroffe et al., 1999). Table 4.5 shows the sizes of
social groups estimated in this way using data from initial proactive culls. Once again,
group sizes are comparable with those recorded on more intensive studies of badgers in
agricultural areas of Britain (Cheeseman et al., 1981; Kruuk and Parish, 1982; Cheeseman
et al., 1985a; Tuyttens et al., 2000b).

Table 4.5: Minimum estimates of group size (mean and standard deviation (SD)) of badgers taken on
initial proactive culls. These estimates exclude 11% of animals as these could not be uniquely allocated to
a single social group.

Triplet

Age class A B C D E F G H | J All
Adults: mean 275 419 484 416 569 524 550 374 327 531 472

SO 222 406 312 359 431 342 38 263 215 314 353

Cubs: mean 0.00 1.00 140 127 322 239 1.17 1.40 1.87 1.47 2.10
SD - 000 055 065 236 18 039 070 149 073 176

Total: mean 275 438 502 439 762 692 563 418 402 594 544
SD 222 425 332 398 592 463 408 283 295 340 427

Home range sizes

4.7  Badger home range sizes were not measured directly prior to culling. However,
during spring in 2004-5 home range sizes were measured in unculled survey-only areas
within 16km? study areas in four triplets (Woodroffe et al., 2006a), using a technique
called bait marking (Kruuk, 1978; Delahay et al., 2000a). The resulting home range size
estimates, shown in Table 4.6, are comparable with those recorded in other studies of badger
ecology in agricultural areas of Britain (Cheeseman et al., 1981; Kruuk and Parish, 1982;
Cheeseman et al., 1985a; da Silva et al., 1993; Woodroffe and Macdonald, 1993; Tuyttens
et al., 2000a).
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Table 4.6: Badger home range sizes estimated by bait marking in survey-only areas. These estimates
exclude home ranges derived from <8 bait returns. SD indicates the standard deviation.

Home range size (ha)

Triplet mean SD
B 65.5 60.5
D 42.5 33.1
G 28.9 13.7
H 34.4 18.3

Effects of RBCT culling on badger ecology and behaviour
Effects of culling on badger population density

4.8  Effects of repeated culling on badger populations in proactive areas became
apparent in the course of conducting the culls. Capture rates declined on successive culls
and, at the same time, an increasing proportion of badgers were captured close to trial area
boundaries, suggesting that badgers were moving in from neighbouring land to recolonise
culled areas (Woodroffe et al., in press). The pattern of captures around inaccessible land
likewise changed between initial and follow-up proactive culls, suggesting that badgers
were moving out of inaccessible land and being caught nearby (Donnelly et al., 2007).

4.9  Culling clearly reduced badger population density (Woodroffe et al., in press).
Although surveys revealed comparable densities of badger field signs within triplets
before culling (see Table 4.3 above), by the fourth post-cull survey, the mean density of
active holes in proactive areas (2.83/km?) was 69% lower than that in survey-only areas
(9.18/km?), and the density of latrines (2.49/km?) was 73% lower than that in survey-only
areas (9.14/km?). At the same time, the density of active holes in reactive areas (7.23/
km?) was 26% lower than that in nine matched survey-only areas (9.81/km?), and latrine
density (7.09/km?) was 26% lower than that in survey-only areas (9.56/km?), (Woodroffe
et al., in press). Likewise, the density of faecal deposits retrieved on bait-marking studies
(see paragraph 4.7) was 64% lower inside proactive areas than in matched survey-only
study areas (range 36-76% lower), and 76% lower than that in adjoining un-culled areas
(range 75-77%), (Woodroffe et al., in press). Reactive culling was associated with a 53%
reduction in bait return density. Finally, the average density of road-killed badgers retrieved
inside proactive culling areas (0.029/km?2) was 73% lower than that recorded in survey-
only areas (0.105/km?), and 58% lower than that recorded in the 5km zone surrounding
proactive areas (0.068/km?), (Woodroffe et al., in press). The average density of road-
killed badgers was 9.8% lower inside reactive areas (0.061/km?) than in matched survey-
only areas (0.068/km?), (Woodroffe et al., in press).

4.10 Taken together, these studies indicate that proactive culling caused substantial
reductions in badger density. Since the badgers detected on such surveys are likely to have
been a combination of animals missed by culling, animals immigrating into culled areas
from outside, and cubs born since the last culling operation, the proportion of animals
removed by each cull is likely to have been somewhat larger than the density reduction
achieved (Woodroffe et al., in press), and is consistent with trial design estimates (Bourne
etal., 1998).
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4.11 Reactive culling caused a smaller reduction in badger density than did proactive
culling. Interestingly, by early 2006 there was still little evidence of population recovery
following the suspension of reactive culling in late 2003 (Woodroffe et al., in press).

Effects of culling on badger population structure

4.12  Proactive culling appeared not to influence the gender or age structure of badger
populations. As would be expected (since badger births are highly seasonal), the proportion
of badgers captured which were cubs varied between culls according to the season. After
accounting for this seasonal variation, there was no difference in cub proportion between
successive culls. Among adults, there was statistically significant variation in tooth wear
— a measure of age (Neal and Cheeseman, 1996) — between successive culls but no clear
increasing or decreasing trend (Figure 4.1). There was likewise no trend in adult sex
ratio across culls. This lack of any clear trend in demographic structure is surprising: a
substantial reduction in density could be expected to either increase breeding success
(by making more resources available) or reduce it (by disrupting social organisation), but
neither effect seems to dominate. Likewise, there are known effects of gender and age on
dispersal behaviour (Cheeseman et al., 1988; Woodroffe, Macdonald and da Silva, 1995)
which might be expected to influence the structure of populations likely to contain a high
proportion of immigrant animals.

Figure 4.1: Variation in badger tooth wear (a measure of age) on successive proactive culls. These data
are least squares means, calculated after adjusting for effects of triplet and sex (unadjusted
means and standard errors are very similar to these, however). There is no consistent trend
relating tooth wear to cull sequence

Effects of culling on badger behaviour and movements

4.13 As well as reducing population densities, culling profoundly altered badger
spatial organisation. In undisturbed populations, badger social groups defend more-or-
less exclusive territories (reviewed in Woodroffe and Macdonald, 1993), and a similar
pattern was observed in survey-only areas where no culling was conducted (Woodroffe et
al., 2006a). In culled areas, however, badgers’ home ranges were significantly expanded,
and overlap with neighbouring ranges was also affected suggesting that territoriality
had been greatly reduced (Woodroffe et al., 2006a). Summary data are presented in
Table 4.7.
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Table 4.7: Effects of culling detected by bait marking (Kruuk, 1978; Delahay et al., 2000a) studies
conducted in five RBCT triplets (data from Woodroffe et al., 2006a). The number of bait returns per sett
gives an index of badger density, and median return distance is a measure of home range size. The mean
number of neighbouring home ranges found to overlap each range is also given.

Triplet  Treatment n Mean returns Median return Mean overlaps
per sett distance (m) per home range

B inside proactive 15 13.8 421 1.23
outside proactive 7 37.1 282 1.75
reactive 14 11.8 460 0.40
survey-only 17 18.8 367 1.18

C inside proactive 12 25.3 463 2.20
outside proactive 23 35.7 239 2.79

D inside proactive 16 17.3 370 1.00
outside proactive 20 31.2 259 0.90
reactive 16 234 538 0.44
survey-only 27 31.6 222 0.79

G inside proactive 17 9.8 598 0.56
outside proactive 3 30.0 338 1.00
reactive 17 16.9 324 0.00
survey-only 23 28.9 304 0.32

H inside proactive 14 7.8 300 0.50
outside proactive 9 23.8 240 0.57
reactive 17 14.4 275 0.25
survey-only 23 22.0 225 0.38

4.14 Bait marking revealed that the effects of culling on badger density and spatial
organisation were not restricted to the areas actually culled. Density was also somewhat
reduced, and ranging behaviour expanded, up to 2km outside the proactive culling areas,
with effects most marked close to culling area boundaries (Figure 4.2). This probably
occurred because, as described above, badgers living close to culling areas expanded their
ranging behaviour to occupy vacated space, or immigrated into the cleared areas, and were
themselves subjected to culling. While bait marking detected these changes in behaviour
over distances of 1-2km, studies of badger population genetics suggest that movements of
individual badgers expanded over much greater distances (>5km, Pope et al., 2007).
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Figure 4.2: Effects of proactive culling on badger populations inside and outside culling areas, in five
triplets. The number of bait returns per sector (a) gives an index of badger density, and
median bait return distance (b) is a measure of ranging behaviour. These graphs show how
reduced density and expanded ranging inside proactive culling areas were also observed on
neighbouring unculled land. The sloping lines indicate statistically significant relationships.
Reproduced with permission from Woodroffe et al. (2006a). Copyright Blackwell
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Effects of badger culling on populations of other wildlife species

4.15 In addition to its effects on badgers themselves, proactive culling in particular
had impacts on other wildlife species. Numbers of foxes (Vulpes vulpes) increased in
proactive areas, in comparison with survey-only areas and, perhaps as a result, numbers
of hares (Lepus europaeus) declined (Trewby et al., in review). Before culling, hedgehogs
(Erinaceus europaeus) were rare in parts of RBCT areas where badgers were abundant
(Young et al., 2006), and badger culling increased their numbers (G. Wilson, personal
communication).

Patterns of M. bovis infection in badgers
Issues concerning diagnosis of M. bovis infection in badgers

4.16 In interpreting patterns of M. bovis prevalence in badgers, it is important to note
that diagnostic methods used in the RBCT (rapid necropsy followed by culture and Ziehl-
Neelsen staining) were not 100% sensitive. Statistical analyses revealed that the probability
of detecting infection varied according to the laboratory at which the necropsy was detected
and also, to a much lesser extent, on the culture laboratory (Woodroffe et al., 2006b). These
laboratory effects did not influence overall conclusions, since the same laboratories were
used across all triplets, and also because statistical analyses adjusted for these effects.
Likewise, storage of carcasses (almost always frozen) for >7 days before necropsy reduced
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the probability of detecting infection; this affected about 10% of carcasses overall and, once
again, all analyses of M. bovis prevalence in badgers accounted for this effect. A sample of
205 necropsies conducted under lesser time constraints than was possible for the majority
of RBCT badgers (which included sampling of more tissue for bacteriological culture and
incubation of cultures for longer periods of time) revealed substantially more infected
animals than did standard necropsy of the same animals (Crawshaw et al., in review).
This indicates that the prevalence values reported below are likely to be under-estimates.
However, since all RBCT badgers were necropsied according to the same standard operating
procedures, this under-estimation of prevalence is expected to be consistent across triplets,
treatments and years and should not, therefore, influence the interpretation of patterns of
M. bovis prevalence.

Prevalence of M. bovis infection in RBCT badgers

4.17 Evidence of M. bovis infection was found in all RBCT areas where culling was
conducted. Overall patterns of prevalence, i.e. the proportion of badgers found to be
M. bovis infected, are shown in Table 4.8. Prevalence was higher in adults than in cubs
(Woodroffe et al., 2005c; Woodroffe et al., 2006b; Woodroffe et al., in review). Among
adults, prevalence was higher in males than in females, and was also somewhat higher in
animals with higher tooth wear scores (indicating greater age, Woodroffe et al., 2005c;
Woodroffe et al., 2006b; Woodroffe et al., in review). Baseline prevalence appeared higher
in reactively culled badgers than in proactive areas (Woodroffe et al., in review). There was
also substantial variation in M. bovis prevalence between triplets and years (Table 4.8).
Table 4.9 presents minimum estimates of the densities of infected badgers recorded on
each proactive cull.

4.18 Datafrominitial proactive culls suggest that, prior to culling, infection was clustered
within badger populations (Woodroffe et al., 2005c). This is consistent with patterns
detected elsewhere, where the territories of social groups with high M. bovis prevalence
have been found to abut those of uninfected groups (Cheeseman et al., 1981; Cheeseman
et al., 1985a; Cheeseman et al., 1985b; Delahay et al., 2000b). Clustering was particularly
close for badgers infected with the same strain type of M. bovis (Woodroffe et al., 2005c¢).

4.19 The prevalence of infection on initial culls was higher in the inner regions of
proactive treatment areas (=2km inside the boundary) than in the outer areas (Woodroffe
et al., 2006b); this is not surprising as trial areas were centred on areas of high TB risk.
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Table 4.9: Numbers of infected badgers captured per km2. Since not all badgers were captured on each
cull, and not all infected badgers are likely to have been detected, these are minimum estimates.

Number (n) and density (n km?) M. bovis infected badgers captured on each cull

first second third fourth fifth sixth seventh

area n n n n n n n
Triplet (km?) n km? n km? n km* n km? n km? n km? n km?
A 103.8 8 008 44 042 18 017 9 0.09 3 003 - - - -
B 1018 13 0.13 5 005 6 006 10 010 16 016 17 017 10 0.10
C 121.2 4 0.03 5 004 9 007 25 021 27 022 20 017 - -
D 1041 101 097 83 080 58 056 57 055 - - - - - -
E 1188 29 024 15 013 10 008 34 029 30 025 22 019 - -
F 1108 13 012 21 0.19 7 006 15 014 10 0.09 - - - -
G 114 29 025 19 017 11 010 9 008 14 012 - - - -
H 116 12 010 25 022 11 009 12 010 10 0.09 - - - -
| 1314 81 062 20 015 23 018 39 030 - - - - - -
J 1105 65 059 14 013 19 017 37 033 - - - - - -
Total 11324 355 031 251 022 172 015 247 022 110 024 59 017 10 0.10

Prevalence of M. bovis infection in road-killed badgers

4.20 During the RBCT, patterns of M. bovis infection were also investigated in badgers
killed in road traffic accidents through the Road Traffic Accident Survey (see http://www.
defra.gov.uk/animalh/tb/isg/publications/isg1607.pdf for more details). This survey was
concentrated in seven counties, chosen to represent either high, or historically low but
increasing, TB risk to cattle (Bourne et al., 1998). Table 4.10 presents the prevalence of

infection recorded in these seven counties, for each year of the survey.

Table 4.10: Prevalence of M. bovis infection among badgers killed in road traffic accidents in seven
counties by calendar year.

Percent road-killed badgers infected with M. bovis (sample size)

County 2002 2003 2004 2005

Cornwall 12% (86) 13% (77) 16% (191) 12% (328)
Devon 7% (115) 5% (178) 10% (172) 11% (204)
Dorset 10% (31) 11% (72) 3% (40) 9% (77)
Gloucestershire 26% (187) 19% (223) 25% (244) 20% (222)
Herefordshire 20% (60) 28% (58) 11% (66) 29% (59)
Shropshire 27% (26) 3% (34) 10% (78) 13% (56)
Worcestershire 11% (38) 8% (75) 11% (124) 18% (117)
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4.21 The overall prevalence of M. bovis infection in road-killed badgers (15%) was
similar to that recorded in proactively culled badgers during the same time period (16.6%;
data in Table 4.8). There was substantial variation in prevalence between counties and
between years, probably relating to the comparatively small numbers of animals collected
over large areas.

4.22 One aim of the Road Traffic Accident Survey was to determine whether this
approach could be used to estimate the prevalence of infection in badgers in localised
areas. While estimates were derived for counties, it was not possible to estimate prevalence
accurately at smaller spatial scales because of the small numbers of animals collected. For
example, despite considerable effort to locate and collect carcasses, only a single badger
was collected each year from most parishes (around 60% of the total), and the overwhelming
majority of parishes (97%) yielded 5 or fewer badgers each year. This illustrates the limited
ability of a survey of this kind to provide precise estimates of prevalence in small areas.

Pathology of tuberculosis in badgers

4.23 Not all badgers found to be infected with M. bovis by bacteriological culture had
lesions indicative of TB disease (Table 4.11). Although M. bovis infection occurred less
frequently in cubs than in adults, among infected animals the prevalence of lesions was
higher for cubs (Jenkins et al., in review-a).

Table 4.11: Proportions of M. bovis infected badgers with visible lesions suggestive of TB. In the RBCT,
neither the prevalence nor the severity of lesions differed between proactive and reactive areas. Data are
from Jenkins et al. (in review-a) and Woodroffe et al. (in review).

Adults Cubs
proactive reactive proactive reactive
Sample size: 1,020 247 146 42
% with visible lesions 38.5% 41.7% 55.5% 40.5%
% with >1 body compartment lesioned* 14.7% 12.6% 28.1% 26.2%
% severely lesioned? 10.5% 7.7% 23.3% 14.3%

* body compartments are: head, lungs, chest, abdomen, peripheral (Jenkins et al. in review-a);
Tanimals with lesion severity scores =8 calculated using methods presented in Jenkins et al. (in review-a).

4.24  The distribution of lesions indicative of TB disease is shown in Table 4.12. The
majority of lesions were associated with the respiratory tract (78.5% of 496 lesioned, M.
bovis infected, adult badgers had lesions in the head or thorax). This is consistent with
previous studies and suggests that most infections are acquired via the respiratory route
(Gallagher and Clifton-Hadley, 2000).
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Table 4.12: Distribution of lesions indicative of TB disease in badgers. Data indicate the number and

proportion of lesioned, M. bovis infected, adult badgers that had lesions at different sites in the body. Data
are from Jenkins et al. (in review-a) and Woodroffe et al. (in review).

RBCT treatment
Body
compartment Site proactive reactive
Head Retropharyngeal lymph node 96 (24.4%) 25 (24.3%)
Submaxillary lymph node 40 (10.2%) 10 (9.7%)
Any head lesion 109 (27.7%) 29 (28.2%)
Lungs Lungs 126 (32.1%) 36 (35.0%0)
Chest Bronchial lymph node 135 (34.4%) 29 (28.2%)
Mediastinal lymph node 98 (24.9%) 22 (21.4%)
Pericardium 14 (3.6%) 2 (1.9%)
Any chest lesion 176 (44.8%) 43 (41.7%)
Abdomen Gastric lymph node 8 (2.0%) 0 (0.0%)
Hepatic lymph node 22 (5.6%) 1 (1.0%)
External Iliac lymph node 11 (2.8%) 1 (1.0%)
Internal lliac lymph node 10 (2.5%) 1 (1.0%)
Mesenteric lymph node 8 (2.0%) 0 (0.0%)
Renal lymph node 9 (2.3%) 2 (1.9%)
Kidney 51 (13.0%) 15 (14.6%)
Liver 28 (7.1%) 4 (3.9%)
Any abdominal lesion 105 (26.7%0) 20 (19.4%)
Peripheral Axillary lymph node 37 (9.4%) 6 (5.8%)
Inguinal lymph node 23 (5.9%) 2 (1.9%)
Popliteal lymph node 39 (9.9%) 6 (5.8%)
Prescapulary lymph node 64 (16.3%) 11 (10.7%)
Any peripheral lesion 110 (28.0%) 21 (20.4%)
Total 393 103

4.25 It has been proposed in the past that severely lesioned badgers could be highly
infectious and play an important role in TB dynamics (Gallagher and Clifton-Hadley,
2000). However, the number of such severely lesioned infected badgers was very low (only
166 animals out of 9,919 scored in 1998-2005, Jenkins et al., in review-a; Woodroffe et
al., in review). This suggests that animals with only mild (or no detectable) pathology may
be able to transmit infection, as has been demonstrated recently in cattle (McCorry et al.,

2005).
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Effects of culling on M. bovis infection in badgers

4.26  Culling profoundly altered the prevalence and distribution of M. bovis infection in
badgers. Statistical analyses adjusting for variables such as age, sex, triplet, and various
measures relating to the probability of detecting infection, revealed that prevalence rose
on successive proactive culls (Woodroffe et al., 2006b). Overall, by the fourth cull the
prevalence of infection was approximately double that recorded on the initial cull (odds
ratio 1.92, 95% confidence interval 1.51-2.45) after adjusting for other factors (Woodroffe
et al., 2006b). Because of this rise in prevalence, the reduction in the density of badgers
achieved by proactive culling was not associated with an equivalent reduction in the density
of infected badgers (see Table 4.9).

4.27 The rise in prevalence associated with repeated proactive culling was particularly
great following four proactive culls that were conducted in a piecemeal manner over a period
of several months (“‘maintenance culling’), rather than in a single operation (Woodroffe et
al., 2006b).

4.28 The effect of proactive culling on M. bovis prevalence was particularly marked
in trial areas where geographical conditions meant that badgers could easily recolonise
the cleared area; the rise was much smaller, or absent, where coastline, major rivers or
motorways blocked immigration routes around a high proportion of the trial area boundary
(Figure 4.3, Woodroffe et al., 2006b).

Figure 4.3: Effects of proactive culling on the prevalence and distribution of M. bovis infection in
badgers. The y axis denotes a measure of M. bovis prevalence in adult badgers, after
adjusting for covariates such as triplet, age, sex, and variables relating to the probability
of detecting infection. Effects are shown for badgers captured in inner (>2km inside, solid
lines) and outer (<2km inside, dashed lines) regions of proactive treatment areas. Coloured
lines indicate the observed variation in the permeability of treatment area boundaries
for immigrating badgers (lowest permeability red; median permeability green; highest
permeability blue). Reproduced with permission from Woodroffe et al. (2006b). Copyright
National Academy of Sciences, USA
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4.29  As well as influencing the prevalence of M. bovis infection, proactive culling also
affected its spatial distribution. As described above, on initial culls the prevalence was
lower close to (<2km inside) trial area boundaries than in trial area cores (=2km inside);
this difference is shown in Figure 4.3 as the first cull in the sequence. This difference
disappeared on subsequent culls, however (Figure 4.3), indicating that prevalence had risen
more rapidly close to trial area boundaries than deeper inside. This pattern is consistent with
the finding of increased capture rates of badgers immediately inside trial area boundaries
on follow-up culls, indicating immigration (see paragraph 4.12, Woodroffe et al., in press),
and also with the finding of reduced badger densities and disrupted territorial behaviour
immediately outside the boundaries (see paragraphs 4.13 to 4.14, Woodroffe et al., 2006a).
Taken together, these pieces of evidence strongly suggest that proactive culling provoked
increased immigration, greater contact rates among badgers and, as a consequence,
increased transmission of M. bovis infection among badgers.

4.30 Proactive culling likewise influenced the distribution of M. bovis infection relative
to other badgers. On initial culls, infection was strongly clustered on scales of 1-2 km (see
paragraphs 4.17 to 4.19). However, these clusters became significantly more diffuse over
successive culls, although some degree of clustering persisted (Jenkins et al., in review-b).
This is consistent with the observation that badgers became less territorial and more wide-
ranging in the conditions of low population density generated by culling (see paragraphs
4.13 to 4.14). These behavioural changes probably encouraged contact between badgers
originating at greater distances from one another, breaking up the clusters observed in high
density, territorial populations.

4.31 The patchy and episodic nature of reactive culling, along with limited sample size,
hindered detailed analysis of M. bovis prevalence in reactively culled badgers. However,
there was evidence to suggest that repeated reactive culling of the same land parcels was
associated with increased prevalence (Woodroffe et al., in review). Itis likely that ecological
and epidemiological conditions in and around areas subjected to reactive culling would
have been somewhat similar to those experienced close to the edges of proactive culling
areas, and in proactive areas subjected to piecemeal ‘maintenance culling’. Hence, the
finding that M. bovis prevalence may have been elevated by reactive culling is consistent
with observations from proactive areas.

4.32 There is no evidence to suggest that repeated proactive culling influenced the
severity of TB lesions detected in M. bovis infected badgers (Jenkins et al., in review-a).

Comparison of RBCT findings with data from the Republic of Ireland

4.33 Data from the RBCT may be compared with information from a similar study
conducted in the Republic of Ireland, the ‘Four Areas Trial” (Griffin et al., 2005).

Badger density

4.34  Two datasets suggest that the baseline density of badgers was substantially lower in
the ‘Four Areas’ than in the RBCT culling areas. First, initial surveys conducted in the two
studies indicate lower badger activity in the Republic of Ireland: prior to culling, overall
sett density in the Irish areas was only about 40% as high as that in RBCT areas (Table
4.13). The difference in main sett density was less marked, but RBCT data indicate that
main sett density is likely to be less closely correlated with overall density than is total sett
density (Woodroffe et al., in press).
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Table 4.13: Comparison of pre-cull sett densities in study areas of the Republic of Ireland’s Four Areas
Trial and the RBCT. Data indicate the numbers of setts recorded per km? on initial (pre-cull) surveys.
“Widespread culling” refers to the Irish “removal” and “buffer” areas combined, and to the RBCT
proactive treatment areas; “localised culling” refers to the Irish “reference areas” and the RBCT reactive
treatment areas. There were no survey-only areas in the Four Areas Trial. Data on the Four Areas Trial are
from Griffin et al. (2003).

Widespread Localised culling Survey only Average
culling

Area all setts main all setts main all setts main all setts main

setts setts setts setts
Four Areas Trial
Cork 3.62 0.66 2.16 0.55 - - 3.04 0.62
Donegal 2.45 0.47 2.44 0.42 - - 2.45 0.44
Kilkenny 2.32 0.52 2.02 0.51 - - 2.19 0.51
Monaghan 1.87 0.40 3.15 0.57 - - 242 0.47
Average 2.53 0.51 244 0.51 - - 2.49 0.51
RBCT
A 3.24 0.48 4.05 0.54 421 0.38 3.85 0.47
B 6.65 0.49 3.70 0.47 2.73 0.36 4.50 0.45
C 5.15 0.53 3.76 0.51 6.87 0.49 5.30 0.51
D 6.50 1.09 4.59 0.72 3.93 0.73 4.95 0.84
E 7.03 0.69 4.84 0.50 6.49 0.68 6.15 0.62
F 4.87 0.39 5.69 0.63 5.07 0.61 5.20 0.54
G 6.99 0.98 6.82 1.00 6.70 0.83 6.84 0.94
H 8.23 0.45 11.96 0.55 11.23 0.56 10.49 0.52
| 6.17 0.90 4.53 0.78 2.19 0.51 441 0.74

8.23 0.70 11.42 0.69 541 0.55 8.45 0.65

Average 6.34 0.67 6.23 0.65 5.56 0.57 6.05 0.63

4.35 Comparison of badger capture rates provides further evidence of comparatively
high badger density in RBCT areas. Table 4.14 presents data on the numbers of badgers
culled per unit area in the RBCT and the Four Areas Trial. The Irish study used snares to
capture badgers, a method which appears more efficient (but may have been somewhat less
humane, Woodroffe et al., 2007b) than the cage traps used in the RBCT. Also, while RBCT
proactive culls were repeated approximately annually, two or three rounds of snaring were
conducted each year in the Four Areas Trial (Griffin et al., 2003). Despite this potentially
more intensive capture effort, the numbers of badgers captured per km? per year of culling
were significantly lower in the Four Areas Trial than in the RBCT, both in the first year
(with means of 0.87 (Four Areas) and 3.10 (RBCT)) and averaged across all years (with
means of 0.34 (Four Areas) and 1.83 (RBCT)). Hence, removal data strongly suggest higher
background badger densities in the RBCT areas.
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4.36 Lower baseline badger density in the Irish areas would influence not only the
number of badgers to be removed by culling, but also the number of immigrants likely to
move into areas cleared by culling. This ‘immigration pressure’ would have been further
reduced in the Irish study since the ‘Four Areas’ were deliberately located so that substantial
proportions of their boundaries were formed by natural barriers to badger movement such

as coastline and major rivers (Griffin et al., 2005).

Table 4.14: Numbers of badgers culled per unit area in the Republic of Ireland’s Four Areas Trial and the

RBCT proactive treatment. Data on the Four Areas Trial refer to removal and buffer areas (both culled)

and are from Griffin et al. (2005).

Badgers culled

Badgers culled/km?/year

Area Number of

(km?) years initial total initial total
Four Areas Trial
Cork 307 5 401 806 1.30 0.53
Donegal 226 5 208 342 0.93 0.30
Kilkenny 313 5 250 552 0.74 0.35
Monaghan 368 5 254 660 0.69 0.35
RBCT
A 95.7 5 55 362 0.57 0.76
B 99.9 7 239 788 2.39 1.13
C 105.1 6 247 966 2.35 1.53
D 98.9 4 293 1,055 2.96 2.67
E 105.2 5 605 1,463 5.75 2.78
F 95.6 5 452 1,179 4.73 2.47
G 101.9 5 427 996 4.19 1.95
H 95.3 5 162 593 1.70 1.24
I 99.8 4 219 661 2.19 1.66
J 100.8 4 442 847 4.38 2.10

Prevalence of M. bovis infection

4.37 The prevalence of M. bovis infection in the RBCT cannot easily be compared with
that recorded in the Four Areas Trial, as diagnostic methods were not standardised across
the two studies. Initial M. bovis prevalence appeared less variable across study areas in the
Four Areas Trial in comparison with the RBCT (Table 4.15); this may be partly because all

of the Irish areas were recruited in the same year.
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Table 4.15: Prevalence of M. bovis infection, and numbers of infected badgers/km?, recorded in the first year
of culling of the Four Areas Trial and on RBCT initial proactive culls. Both adults and cubs are included.
Note that, since complete removal of badgers was not attained in the first year of either study, and diagnostic
tests were not 100% sensitive, numbers of infected badgers per km? give minimum estimates of the true
densities of infected animals. Data on the Four Areas Trial are from Griffin et al. (2003).

Area Badgers Badgers Prevalence Area (km?) Infected
examined infected badgers/km?

Four Areas Trial

Cork 400 117 29.3% 307 0.38
Donegal 207 30 14.5% 226 0.13
Kilkenny 248 30 12.1% 313 0.10
Monaghan 241 54 22.4% 368 0.15
Average 1,096 231 21.1% 1,214 0.19
RBCT

A 55 8