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An Roinn
Ealaion, Oidhreachta agus Gaeltachta

o' Department of
#<  Arts, Heritage and the Gaeltacht

COMPLAINT : STEADY DECLINE OF THE NATIONAL BADGER (MELES MELES) POPULATION
IN | RELAND

Response by the Irish Authorities to a complaint mde by the Irish Wildlife Trust and
Mark Stephens to the Council of Europe on a possiblbreach of the Bern Convention in
relation to the culling of badgers in Ireland

1. Introduction

The response has been compiled by the two Goverribepartments who have responsibility for
the badger population in Ireland

*  The Department of Agriculture, Food and the Mar{fBAFM) who operate the capturing of
badgers under the bovine TB eradication prograname;

*  The Department of Arts, Heritage and the GaeltdotHG) who issue licences to DAFM to
undertake the capturing programme.

This document responds to the various points raisedhe Irish Wildlife Trust and provides
published documentation in order to reply in a carhpnsive fashion to the complaint.

2. Background to the bovine TB Eradication Programmem Ireland

Ireland commenced a ‘test and slaughter’ progrartoneradicate bovine TB in 1954. At that
time bovine TB was the greatest cause of loss famminfectious source and the animal reactor
incidence of bovine TB in cattle was 17% (22% iws@nd 8% in other cattle). The early years of the
programme resulted in rapid progress toward thmate goal of eradication, and in 1965 the country
was provisionally declared as “attested” or boviiefree on the assumption that the early trendsline
would continue to full eradication.

This improvement did not materialise and betweef518nd 1985, no effective improvement
occurred with reactor numbers remaining at 35,@@@tors (plus or minus 5,000) per year. A wildlife
component (badgers) was identified in the early0898s a significant source of seeding new
infections to cattle and a number of scientifialgiwere carried out which quantified the magnitatie
this source of infection and methods to counter it.

In 2003, a national programme of controlling badggpulations in areas where serious outbreaks
of bovine TB, was identified and deemed part otle-badger interaction locally was put in plage b
the DAFM. As a result of this programme, the athramamal level incidence of bovine TB in cattle
declined to 0.24% by 2010. The number of SICTT g&inintradermal Cervical Tuberculin Test)
reactors fell from 39,847 in 2000 and to 20,2112010, (herd incidences of 7.53% and 4.65%
respectively). The following maps give an iradion of the decrease in the incidence of TB in
Ireland in the period 1999 to 2011.
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Current research is focusing on replacing the lmgy culling of badgers with vaccination with
BCG.

3. Badgers and the Wildlife Acts

The badger is a species that is protected undeiihiife Acts. However, it has been identified
as an important reservoir dflycobacterium bovijsthe bacterium that causes TB in cattle. The
Department of Arts Heritage and the Gaeltacht hatithted the bovine TB eradication programme of
DAFM for many years by licensing that Departmentémove badgers where local outbreaks have
occurred in cattle herds. There has been an agraémplace for a number of years between the two
Departments where the cumulative percentage ofwgrral land under capture for badgers could not
exceed 30%.

Since 2004, DAHG have issued licences annually A&, one for each Divisional Veterinary
Office (DVO) allowing the removal of badgers fromfécted areas. However, there have been
periods where licences have been issued for aeshorte period.

Under the licences issued by DAHG, badgers areuceghtwhere they are implicated in an
outbreak of TB. Capturing is undertaken only inaarevhere serious outbreaks of TB have been
identified in cattle herds and where an epidemiaclalginvestigation carried out by DAFM’'s
Veterinary Inspectorate has found that badgersharékely source of infection. Successive capwrin
operations focus predominately on the same areh&ghwesults in local reductions in badger
numbers. This lower local density of badgers vethd to less animal to animal (badgers or cattle)
transmission of TB.

4. Population estimates of badgers in Ireland, Northem Ireland and elsewhere.

The core of the IWT complaint is that the Irish adpopulation is under threat of becoming
extinct due to the bovine TB eradication programm&he evidence quoted in the IWT paper suggest
that population estimates of 148,000 (1995), 84(009) and 60,000 in 2012 are trending such that
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badgers will become extinct by 2020. It is thehrauthorities’ contention that this argumentasvitd
and our reasoning is presented in the accompaigimynentary.

DAFM have prepared a specific document in respdosthis aspect of the IWT complaint;
Badger numbers and what constitutes a sustainabjeulption? (Appendix A). The document
explains the background to the estimates of pojuldahat have been published previously by Smal
and by Sleeman. One could extrapolate from thieskes that the national badger population in 2000
was somewhere between 70,000 and 120,000 with a wadae of circa 95,000. The best estimate of
the national population in 2012 is somewhere betv&2000 and 85,000, mean circa 70,000 badgers.
While a population reduction over this period il swvident, it is clear that this level of declimgll
not continue. Already the amount of new land bdingught under treatment annually is decreasing.
As the badger vaccination programme is gradualliegoout, the level of culling will be further
reduced.

By definition, local populations have been and laeeng impacted by DAFMs culling program
because, where local breakdowns due to tuberculosiattle herds are associated epidemiologically
with badgers, local populations are culled and diessare maintained at lowered levels as a mafter
policy. Nonetheless, the current population esté® are based on badger densities that are at the
higher end of density estimates from other cousitnie mainland Europe and are not close to levels at
which the badger population at county or regioeaél could be consider to be under threat.

Two further documents are enclosed in relationht® impact of culling.The ecology of the
European Badger (Meles meles) in Ireland: A Reviéwpendix B),Impact of culling on relative
abundance of the European Badger (Meles melesgliand (Appendix C).

5. Medium Term National Strategy

The Medium Term National Strategy (Appendix D) @egul by DAFM is based on a targeted
intervention around serious herd breakdowns (>3dstal reactors) where badgers have been
implicated in a breakdown by epidemiology carried by local DAFM Veterinary Inspectors. This
programme is successful, in that episodes of boVBen herds are reducing in frequency since the
policy began and, in turn, this results in a redgciate of new land being added to the national
cumulative pool of land under capture.  Thisutoent presents and discusses the output data which
Is considered as evidence that the programme cessiully delivering its targeted objectives.

The issue of the cumulative growth in areas undetwe since 2003, in individual counties, of
land within 500m of setts approved for capture esnational policy is addressed in paragraph 7.

The issue of bovine TB levels in local badger papahs are addressed in two documents
published byeterinary Journaht Appendices E and F.

6. Vaccination of badgers

DAFM has being conducting a research program s20€4. that is exploring elements of possible
benefits of vaccinating badgers with BCG. Thame currently two elements of research underway.
A project is running in Kilkenny in which badgersve been given an oral preparation of BCG
vaccine and the protective effects will be measagainst a cohort of badgers in the same areas that
have received a placebo. The background to thik igaletailed in the document prepared by DAFM
- Control of tuberculosis in badgers by vaccinat{@ppendix G)

A separate but related project is also runningwiticoe based on results from the badgers orally
vaccinated in Kilkenny. The document prepared BB at Appendix H -Trial Design to Measure
the Effect of Oral Vaccinatioaxplains the background and methodologies thatheilused in these
analyses.

Separately to the trials running in Kilkenny, tsi@re in planning where intramuscular injection of
BCG and release of vaccinated badgers will be coedpaith continued culling in selected counties
nationally, details of which are outlined in thecdmentProposal for a series of trials in which
intramuscular vaccination of badgers with B@&& (Appendix ). Further trials will commence
later in 2012 in selected areas in counties Cookgford, Monaghan and Tipperary. It is antiogoht
that trials in a further two counties will commernoe013.
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7. The origin, basis and justification of the 30% limt of the total Agricultural land
area on which culling could take place.

Ireland comprises some 70,000Krof land. Of this, roughly 50,000 Kmis considered
agricultural land and is claimed for Area Aid undee EU Common Agricultural Policy. Of this, the
badger capturing programme operates on 15,008 KnSpecifically for reasons of conservation no
capturing takes place on the remaining 35,006 Ehagricultural land or the remaining 20,000Kof
non-agricultural land where badgers also residéhere is a scientific basis behind how 15,000°Km
area is calculated.

It is considered that the IWT document misrepreséiotv the areas are selected, calculated and
represented. A document (Appendix J) preparethbyeterinary Sciences Centre of University
College Dublin addresses the IWT claim by settingthe criteria for identifying areas under capture

8. Comparison between Northern Ireland and this State

The IWC in their complaint make the claim that theidence of TB in Northern Ireland, where
badger culling is not carried out, is similar to T&els in Ireland. The implications of thisim
are that the culling of badgers in Ireland hasmpact on the incidence of TB and, accordingly, does
not serve any useful purpose. It is the Irish arities’ contention that, as indicated in paragr&ph
above, the incidence of TB in Ireland has fallegngicantly over the last ten years, particulariyce
2004. Furthermore, the incidence of TB in Northieetand is significantly higher than in Ireland.

Published statistics on the incidence of TB indn&l and Northern Ireland (and in GB also) are
not comparable because of the differences in thitaadelogy for defining outbreaks of TB. For
example, in Ireland, all breakdowns, irrespectif/@/bether they are confirmed by the laboratory, are
regarded as breakdowns and are included in theiaffitatistics.  In Northern Ireland, however,
incidences of TB detected via slaughter house dlamee are not deemed to be “outbreaks” and are
not included in the official statistics unless T8Bdetected in the herd at a follow-up skin tesfaom.

These “incidences” account for about 25% of cedks of TB in Ireland. In addition, in Northern
Ireland outbreaks of five or less “reactors” aré imsluded in the official statistics unless diseds
confirmed.

In view of the difficulty in comparing the trends the incidence in Ireland, Northern Ireland,
England and Wales, the authorities in these varjorisdictions have collaborated in producing a
document using standardised definitions and mesasurd&his document titleBovine tuberculosis in
the United Kingdom and Republic of Ireland” 19952010is currently at review stage and will be
published by the journdfeterinary Recorghortly. While the standardised definitions anebsures
used in the document are not without problems @t ttey do not entirely resolve the issues desdribe
above, they do nevertheless provide a better Wasisomparing trends in bovine TB than official
statistics and they show clearly diverging trenmdthese countries.

For example, in the period 1995-2010, the animaldience of TB increased by 380% in
England, by 190% in Wales and by 74% in Northeetalnd. On the other hand, animal incidence in
Ireland fell by 32% in the same period. It skiblié noted that the incidence of TB in Ireland sl
a further 10% in Ireland in 2011 compared to amdase of 15% in Northern Ireland, with the result
that animal incidence in Northern Ireland in 201dswat 0.48 %, 65% higher than in Ireland (0.29%).

Department of Arts, Heritage and the Gaeltacht, Dubn, Ireland
3 September 2012
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APPENDIX A - BADGER NUMBERS AND WHAT CONSTITUTES A SUSTAINABLE POPULATION ?

J.O’Keeffe and A. Byrne.

Introduction

Over the past 30 years there has been a considatabate around the important question “What
is the badger population in Ireland?” Two formaldses have taken place that generated estimates
that representing point in time estimates of the tmational badger population. There are consiteerab
difficulties accurately estimating a wildlife poptibn’s size at a national scale due a number of
uncertainties inherent in such calculations. Sarsjde will have a major impact on the precision of
any estimate. In general, the larger the sampkethiz greater the precision and trust we can haeae i
model estimate. Degrees of uncertainty also vepedding on the extent and the intensity of survey
methods, and these relate to the size of the argasyed and the likelihood that some sett location
are missed. Commonly, uncertainty surrounds hadts aee classified (main setts versus outliers), an
assumptions being made that all main setts reprasagle territories and social groups (this is not
always the case; Byrne et al. 2012a). In additibarea can be significant variation in capture
probabilities which may affect estimates of sogabup sizes. Finally, there is a large degree of
uncertainty due to the variation in the populatdymamics of a national population, which may be
effected by factors such as climate over time (®g@. Macdonald et al. 2010). Therefore any estimate
of the national population must be considered agaifackdrop of these uncertainties.

What is the National Badger Population?

In the past 20 years two major studies have atteunfit generate estimates of the Irish badger
population. Both were done in good faith, and udath that was available at the time, so are both
valid but must be viewed as being “of their timeidathe best attempts possible given the data then
available to the authors.

A Walsh Fellow Post-Graduate study is presentlyemwdy that is analysing/evaluating data
collected by DAFMs field staff who deliver the opgonal side of DAFMs Medium Term Wildlife
strategy 2002-present. The details of this stiatege explained elsewhere in this dossier (see
Chapt4). These studies will result in robust medef the national badger population, but
unfortunately, this element of the Fellowship witit be completed until the end of 2012. Papers (A,
B and C below) relevant to this topic from thisdstare included in this chapter.

A Review paper published Biology and Environment — Proceedings of the Rysth Academy
The ecology of the European Badgelie{es melégsin Ireland: a review
Andrew W. Byrne, D. Paddy Sleeman, James O’Keaffit John Davenport

B Paper published in tHeuropean Journal of Wildlife Research

Impact of culling on relative abundance of thedpgan badgeMeles meles in
Ireland

Andrew W. Byrne, James O’Keeffe, D. Paddy Sleerdahn Davenport and S. Wayne Martin
C Draft Paper in preparation

Estimating population size and trappability of tedger eles meldsthrough mark-recapture:
implications for large-scale bovine tuberculosisoraation programmes

Andrew W. Byrne, Denise Murphy, James O’Keeffdynd@avenport, D. Paddy Sleeman, Stuart
Green, Leigh Corner, Eamonn Gormley and S. Wayndiia

Paper A (The Ecology Of The European Badger (MBetes) In Ireland: A Review) contains
the following passage:
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“Although progress has been made in estimating distribution and density of badger
populations, national population estimates haveedawidely in the Republic of Ireland. Future
research should concentrate on filling gaps in knmowledge, including population models and
predictive spatial modelling that will contribute vaccine delivery, management and conservation
strategies.”

The previous population estimates come for workliphed by Smal in 1995 (the Badger and
Habitat Survey; BHS) and by Sleeman et al. pubtisiie2009. The Smal work estimated 200,000
badgers and the Sleeman paper suggested a lowsx 6§84,000.

Why such a difference between two authors?

These studies used data derived from differentegsrvand used different methodologies to
generate their respective results.

In the case of Smal, in his “The Badger and HalStawvey of Ireland” he used survey data from
729 individually surveyed 1kfgrids of land. These 1 Kngrids were in turn the most south-westerly
in larger 10 KA grids that cover the island of Ireland. The Nerthlreland (NI)1 krhgrids were
also surveyed at that time and those results ghddidy Feore and Montgomery (1999), with further
analysis presented in Feore’s PhD thesis (1994).

The Smal study used the survey results of this 1L8eoROI land area, on which 1378 setts were
found. Of these, main setts:other setts were msdign a 1:3 ratio, with a mean of 4 setts assigrezd
social group. A social group size of 5.9 was agplas the multiplier across the estimated 34,000
social groups nationally resulting in a populatéstimate of 200,500. This method, similarly apgplie
on the NI data yielded an estimate of populatianetof approximately 50,000 (Feore 1994). It should
be noted that only 21% of setts surveyed in NI wemesidered main setts compared to 25% in ROIL.
This estimate was re-adjusted for the variatiogdaial group size according to broad landscapestype
(Feore and Montgomery 1999). The revised figureNorthern Ireland in the mid-1990s was 37,600
(95% CI 29,000-46,300). A revised figure, incorgiorg variation in social group size according to
landscape type, was never undertaken with the etagaserated during the BHS. Byrne et al. (2012A)
highlighted this discrepancy and used a ‘rule ofrb’ guide to adjust the estimate of Smal (1995).
However, this adjustment was only meant as a gamdithe authors strongly suggest that the adjusted
figure should be treated with due caution, esplgcialthe context of the Republic of Ireland having
more landscapes with low badger densities thanafidbrthern Ireland.

Since Smal’'s survey work was undertaken, a numbether more detailed survey efforts have
taken place. Between 1997-2002, the Four AreaeBrdFAP) was undertaken and this involved a
detailed survey of 960 Kmof countryside (Cork 188km,Donegal 215k Kilkenny 252knd
,Monaghan 305kf). Data from this study was the basis for Sleeraaml’'s (2009) population
estimate. Sleeman took the 960 Ksarveyed area, overlaid it with a 0.25 Kgrid and divided the
badgers captured in those areas amongst grid pmdygGorine land usage data was then estimated per
grid, and a national estimate of badger numbers geaerated based on a model relating national
Corine data with badger numbers. The accuracyleéntan et al's estimate is related to how
accurately Corine definitions of land use refleatper densities.. What Sleeman et al. concluded in
their discussion was thabadgers may not be as numerous as the last estimat8mal 1995;
200,000) had suggestedSleeman et al. (2009) model suggested a natiomall@ion size of 84,000
(95% CI 72,000-95,000), which would result in a meational density of 1.20 badgers ki{®5% ClI
1.03-1.36).

Since 2002, DAFMs staff has surveyed around 12Ja@dof the nation’s 70,000 Km The
majority of this surveyed area constitutes agrigalt land* (*land claimed under EU area aid
schemes). Currently approximately 50,000kai the Irish landscape is claimed under area aid
schemes. The 12,000 Kns substantially larger than the previous areas! i)y Smal (729 K and
Sleeman et al. (960 Kin These surveys have resulted in locating andrdirng the position of circa
30,000 setts, with badgers being captured at appat&ly 10,000 of these setts. From this substhnti
dataset the following can be proposed:

1. A mean estimate of social group size of 5.9ikely too high across landscapes in Ireland.
Capturing data since 2002 would suggests group3-d4fare more typical for Irish populations in
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agricultural landscapes. However, it should beedidhat there is a high degree of variability asros
social groups within the national population. loshd also be noted that group sizes estimated glurin
the FAP was 3.9 badgers per main sett.

2. Estimates of main sett density establishechdutie BHS of 0.55 main setts nare probably an
overestimate. Main sett densities estimated faretfwounties in Ireland suggest densities of 0.49-0.
main setts ki (Paper B.). Furthermore, unpublished work from Kikkenny vaccine trial area
suggests a main sett density of 0.42 main setté. Kbonservatively, this may indicate that mean
densities should be lowered by 10%. Recalibrationld reduce Smal’'s estimate of main setts from
34,000 to 30,600 nationally. Applying the median3dbadgers and the higher figure of 4 per social
group, would reduce the 200,500 estimate to betez91,800 and (x4)122,400.

The NI surveys (Feore1994) were repeated by R€iA8R and that resulted in a revised estimate
of 33,500 badgers (95% CI 26,000-41,200) with anméensity of 2.42 badger Kim(95% Cl 1.88-
2.98). These estimates were not significantly d#ifé than the revised estimates from Feore (1994),
taking into account variation in group size actasslscape types.

Until 2000, one can reasonably assume that there s@mewhere between 70,000 and 120,000
(~95,000 mean value) badgers in the Republic tdrige with an additional 25% in Northern Ireland.

Estimating the figure appropriate to 2012 requisesne assumptions until further on-going
studies are completed. The assumptions used irfotlmving section are based on conservative
estimates taken from the badger literature forgtand of Ireland.

On the 20,000 kfof land that is not farmed, there are perhapsQDOt&dgers (this is based on a
conservative assumption of an average densitySbadgers per kfr) On the 35,000 kfrof land
farmed but not captured on, there are perhaps betd®&-63,000 badgers (assuming a mean density of
between 1.0-1.8 badgers per%mOn the 15,000 kfrof lands captured annually there are probably
between 5-7.5K badgers (between 0.35-0.50 badgarskmf assuming an absolute reduction in
density due to culling of 50-81%). These estimaipsate to an upper estimate of as many as 80,500
and a lower estimate of 50,000 with a mean of ct@®00. This conservative estimate suggests a
naticz)nal density of one badger krflower estimate: 0.71 badgers knupper estimate: 1.15 badgers
km ™).

Higher estimated densities of 80,500 per 70,000 krquate to a mean of 1.150* badgers
per km?

(*This average is made up of densities of 0.5%an areas not farmed, 1.8 Kion areas farmed but not captured and 0.5
Km? on areas farmed where badgers are captured apjuall

Lower estimate densities of 50,000 per 70,000 krquate to 0.714* badgers per K. |

(*This average is made up of densities of 0.5°m areas not farmed, 1.0 Rom areas farmed but not captured and 0.35
Km? on areas farmed where badgers are captured apjuall

The attached papers, which were mentioned eaBienfl C), are based on data derived from the
capturing program implemented by DAFM staff in ctes Longford, Monaghan and Tipperary (B),
and a capture-release study ongoing in county KillgC).

The data from Kilkenny (see paper referred to insGygests that where a capturing effort is
attempted, not more than 50% of the badgers likelipe present are actually captured (per capture
attempt) and this may even be as low as 30% iftbee extremes of what is probable were assumed
to be the norm.

The paper containing the analysis of capturingelected counties (B) gives estimates of the yield
of badgers captured over a six-year period follgndapturing commencing at any given sett approved
for capture. The relevance of these analyses talisgussion on population size and the impact of
culling is that even after 6 years of removals,desd remain in those targeted areas and remowesl rat
trend toward a steady state equilibrium that isvaliero and is probably primarily driven by inward
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migration of badgers from surrounding areas of tgreaensities. We do not know the rate of
immigration into culled areas nor the reproductiesponse of the remaining population after a aull (
may be likely that fecundity increases due to desed density, alleviating competition for resouyces

What density of badgers is required such that a pagation is self-sustaining?

The pertinent questionwhat is the density of badgers required for a sedustaining
populatior?” remains and is not known for Ireland. Usefuinparative information is available from
studies done elsewhere in continental Europe whbee densities of healthy, self-sustaining
populations have been studied.

The highest recorded badger densities, eithercat lar national levels, have been reported from
populations within the British Isles (Byrne et &012). Badger populations are being sustained
elsewhere at considerably lower densities tharethesng reported in the British Isles. Most badger
populations have grown in recent decades accordirthe IUCN red list files (Kranz et al. 2008)
despite hunting pressure in much of the speciegeramortality due to road traffic accidents and
persecution. A recent [IUCN Regional Red List sutggbthat the badger population in Ireland was not
threatened and were of ‘least concern’ (Marne#lle2009).

Estimated badger densities are presented belo7arountries outside of Britain and Ireland
which have data on badger populations. Badger lsgaiap sizes are also significantly smaller than
typical group sizes reported in Britain or Irelabéta on group size are presented below for 11dyadg
populations from continental Europe. For referemoean group size estimated across studies from
Ireland is 3-4 (range: 1.8-5.9) badgers; for Bnitai6 (range: 3.3-8.8) badgers (Byrne et al. 2012).

Data on densities of European badgerMeles meles) populations outside of the British
Isles

We used data derived from recent research or repegyers relating to badger densities. Where
available we have presented data as a range ofdextwalues across studies within countries. As
populations generally across have changed (mostseased; Kranz et al. 2008) in abundance in
recent decades we avoided referring back to datsepted in the review undertaken by Griffith et al.
in 1993, except where more recent figures were lan@bbe sourced. Estimates from Griffiths et al.
should be considered as minimum national densities.

Location Population Signatories to the Bern Paper referred
density (krif) Convention (date)*
Albania 0.09 Yes (31/10/1995) Griffiths et al9BICouncil of Europe
Austria 0.36 Yes (19/9/1979) Griffiths et al. 199uncil of Europe
Belarus 0.09** No Sidorovich et al. 201Ann. Zool.
Fenn.
Belgium 0.1-0.74 Yes (8/10/1997) Venderick 20BRAD Université De
Liege.
Bulgaria 0.10-0.90 No (Accession Griffiths et al. 1993 Council of Europe
31/1/1991
Croatia 0.02-0.04 Yes (3/11/1999) Griffiths etZ893 Council of Europe
Czech Rep. 0.12-0.98 Yes (8/10/1997) Johnson 208R.J. Biogeog.l ara-
Romero et al. 201 Mamm. Rev.
Denmark 0.50-1.50 Yes (19/9/1979) Aaris-Sgrens@&b.18nn. Zool. Fenn.
Estonia 0.04 No (Accession Griffiths et al. 1993 Council of Europe
3/8/1992)
Finland 0.24 Yes (19/9/1979) Lara-Romero et al.120lamm. Rev.

France 1.60 Yes (19/9/1979) Schley et al. 200dmm. Rev.



Germany

Hungary

Italy

Latvia
Luxembourg
Netherlands
Norway

Poland

Portugal

Russia (west)

Slovakia
Slovenia

Spain

Sweden

Switzerland

Ukraine

Mean (minimum
density, including
Griffith et al. 1993)

Mean (maximum
density, excluding
Griffith et al. 1993)

-11 -

0.40-0.80 Yes (19/9/1979)
0.30-1.50 No (Accession
16/11/1989)
0.98-1.00 Yes (19/9/1979)
0.30 Yes (23/1/1997)
0.65-0.91 Yes (19/9/1979)
0.19 Yes (19/9/1979)
0.50 Yes (19/9/1979)
0.16-0.59 Yes (24/3/1995)
0.42 Yes (19/9/1979)
0.46 No
0.20 Yes (28/4/1994)
0.25 Yes (20/10/1998)
0.28-1.98 Yes (19/9/1979)
0.01-0.25"  Yes (19/9/1979)
(North)
2.00-3.00 (South)
0.50-1.80 Yes (19/9/1979)
0.50-1.80 Yes (17/8/1998)

0.41 (SD 0.45)

0.90 (SD 0.74)
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Keuling et all@®&uro. J. Wildl. Res.
Griffiths et al. 1993 Council of Europe

Johnson et al. 200Biogeog.;
Remonti et al. 2006-olia Zoo.

Johnson et al. 200Riogeog.
Schley e2@04.Mamm. Rev.
Lara-Romero 2Gll.Mamm. Rev.

Lara-Romero et al. 2044mm. Rev.
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APPENDIX B - THE ECOLOGY OF THE EUROPEAN BADGER (MELES MELES) IN IRELAND: A
REVIEW

By Andrew W. Byrne, D. Paddy Sleeman, James O’Keeffd John Davenport

ABSTRACT

The badger is an ecologically and economically irtgrd species. Detailed knowledge of aspects
of the ecology of this animal in Ireland has ontyegged through research over recent decades. Here,
we review what is known about the species’ Iristpypations and compare these findings with
populations in Britain and Europe. Like populati@isewhere, setts are preferentially constructed on
south or southeast facing sloping ground in wedlited soil types. Unlike in Britain, Irish badger
main setts are less complex and most commonly foaritedgerows. Badgers utilise many habitat
types, but greater badger densities have beeniatbavith landscapes with high proportions of
pasture and broadleaf woodlands. Badgers in Irefand to have seasonally varied diets, with less
dependence on earthworms than some other popudatiomorthwest Europe. Recent research
suggests that females exhibit later onset and ginoihreproductive events, smaller litter sizes and
lower loss of blastocysts than populations studtieBritain. Adult social groups in Ireland tendlie
smaller than in Britain, though significantly larghan social groups from continental Europe.

Although progress has been made in estimating tis&itdition and density of badger
populations, national population estimates haveedawidely in the Republic of Ireland. Future
research should concentrate on filling gaps in knmowledge, including population models and
predictive spatial modelling that will contribute vaccine delivery, management and conservation
strategies.

Link
http://www.ria.ie/getmedia/7al138728-0f68-40fb-adl#e68fec1b8/BIOE201202 2.pdf.aspx
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APPENDIX C - IMPACT OF CULLING ON RELATIVE ABUNDANCE OF THE EUROPEAN BADGER
(MELESMELES) IN | RELAND

By Andrew W. Byrne, James O’Keeffe, D. Paddy 8lam, John Davenport, S. Wayne Matrtin

ABSTRACT

The European BadgerMgles meles has been implicated in the epidemiology of bovine
tuberculosis in cattle populations in the Repubfitreland. Badger populations have been subjeat to
culling regime in areas with chronic histories dBocattle herd breakdowns. Removal data from 2004
to 2010 were used to model the impact of cullingoopulations in areas under capture. Additionally,
changes in field signs of badger activity were ugg@n index of abundance to support, or otherwise,
the outcomes of the removal models. Significantictidns in standardised badger captures over time
were found across three large study areas (tatal 4r355 kif). Assuming that all inactive setts were
vacant, an overall linear trend model suggestetidadger captures had decreased by 78 % for setts
with 6 years of repeated capturing operations. Give uncertainty associated with the relationship
between sett activity and badger presence, we tegbehe linear modelling using two ‘what if
scenarios. Assuming that individual badgers werssed on 10 % or 20 % of occasions at inactive
setts, the estimated decline over 6 years is lavier&d1 % or 64 %, respectively. The decline peofil
consisted of a steep initial decrease in captuigsnathe first 2 years, followed by a more gradual
decrease thereafter. The number of active opeminhgstts (burrows) declined significantly in alldé
areas; but the magnitude of this decline variediBagntly amongst study areas (41-82 %). There was
a significant increase in the probability of séttzoming dormant with time. The removal programme
was more intense (mean, 0.45 badgers culled kear?) than previous experimental badger removals
in Ireland but some captures may be attributedntmigrant badgers as no attempt was made to limit
inward dispersal from areas not under managemesguli® from this study suggest that significant
reductions in badger density occurred in the aveasre management had taken place. Since other
non-culled badger populations in Northern Ireland 8ritain exhibited stable population trends, we
attribute the reduction in relative abundance ®datlling regime. Further studies of the dynamits o
this reduction are required to quantify how it @interacted by immigration from populations outside
of culled areas.

Link:
http://rd.springer.com/article/10.1007/s10344-0628-1




-15- T-PVS/Files (2012) 33

APPENDIX D - THE MEDIUM TERM NATIONAL STRATEGY

Medium Term National Strategy 2003-

The Bovine Tuberculosis Eradication (bTB) prograpermating in Ireland is based around a
number of measures that involve both animal and texel controls. Principle among these is a legal
requirement that herds are tested each year useingle Intradermal Cervical Comparative test
(SICCT). Herds trading animals through cattle siant farm-to-farm sales must have had a test
within the previous 365 days, otherwise permissimnsrade are suspended. Animals intended for
slaughter at export/domestic abattoirs must equmlwithin a 365 day window of their previous test.

The presence of one or more standard test postmmals (Bovine-Avain Increase 5mm or
more) result in a herd loosing it's freedom to &aeixcept for direct slaughter at abattoirs via
movement permits. Trading status is returned wahberd passes a minimum of two (2) clear reactor
retests carried out a minimum of 60day interval¥ang removal of last identified reactor animal(s
When a herd’s trading status is withdrawn, it iglda be experiencing an “episode” of bTB. On
average, episodes last for 190 days, and are utgvopith cattle farmers due to the disruption cause
to normal trading patterns.

Table 1 TB Episodes by Episode Severity (Stdeactors / episode) and Year Nationally

No. of Std. Reactors / Episode

Year 0 1 2 3 4-1C >10 No. Episodes
2002 2,53 2,54( 1,04¢ 553 1,104 401 8,181
2003 2,214 2,447 1,00( 533 1,001 334 7,53(
2004 2,114 2,127 94 45 914 284 6831
2005 2,064 2,031 871 484 1,019 334 6,821
2006 2,184 1,877 80 404 874 381 6,531
2007 2,44] 2,131 924 484 979 39] 7,35]
2008 2,337 2,05¢ 95¢ 54( 974 35( 7,204
2009 2,01] 1,797 847 384 77( 314 6,12(
2010 1,92¢ 1,677 753 354 647} 254 5,614
2011 1,611 1,584 712 357 624 19( 5,078

Percentages of No. of Episodes

Year 0 1 2 3 4-1C >10 All Episodes
2002 31.0% 31.0% 12.8% 6.8% 13.5% 4.9% 100.09
2003 29.59% 32.4% 13.3% 7.1% 13.3% 4.4% 100.09
2004 30.9% 31.1% 13.8% 6.6% 13.4% 4.2% 100.09
2005 30.3% 29.9% 12.9% 7.1% 14.9% 5.0% 100.09
2006 33.5% 28.7% 12.3% 6.3% 13.4% 5.9% 100.09
2007 33.2% 29.0% 12.6% 6.6% 13.3% 5.3% 100.09
2008 32.4% 28.5% 13.3% 7.5% 13.5% 4.9% 100.09
2009 32.9% 29.4% 13.8% 6.3% 12.6% 5.2% 100.09
2010 34.3% 29.8% 13.4% 6.4% 11.5% 4.5% 100.09
2011 31.7% 31.2% 14.0% 6.9% 12.4% 3.7% 100.09

In Tablel, the frequency of episodes that occupetdieen 2002-2011 are listed. There has been
a steady decline in the numbers of episodes owepéhniod. The wildlife program is considered a
significant contributor to this downward trend inBepisodes.
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Qualitatively, not all episodes are equal in impode. Studies have shown that any given herds
risk of additional future breakdowns is directlyoportional to the numbers of standard reactor
animals occurring at their most recent episodee Jreater the numbers of standard reactors ideqhtifi
over the course of an episode the shorter thevidtesn average, to that herd’s next episode.

DAFMs wildlife program targets localities where tivore serious bTB episodes are identified,
which are where episodes haviBgr more standard reactor animalshave occurred and these are
termed “qualifying breakdowns”. Qualifying breakdus are visited by state veterinarians who carry
out epidemiological investigations that seek tmtdg the cause of the TB outbreak. Evidence of a
purchased/introduced infected animal is first sougind if that potential risk is ruled out and if
badgers are present in the local environment ohénd, a survey and culling program is put in place

Table 2Qualifying breakdowns 2002-2011

Year 3 4-10 >10 3 or more
2002 553 1,105 401 2,059
2003 533 1,001 335 1,869
2004 452 916 284 1,652
2005 484 1,018 339 1,841
2006 409 878 387 1,674
2007 485 979 391 1,855
2008 540 972 350 1,862
2009 384 770 316 1,470
2010 359 647 254 1,260
2011 352 629 190 1,171

On average, 50% of qualifying breakdowns end upngaliadgers implicated as being involved
in the outbreak and culling programs are estalfish¢hese localities. As is evident from Tablgfa
rate at which qualifying herds are being identiffeas been reducing since the current strategy began
in 2003, with fewer “new” culling areas being addedhe cumulative area under capture each year.

The methodology used to select and to calculateatBa under capture is outlined in detail in
Chapter 2. The area under capture expands eaah geanew capture areas are added as a
consequence of new qualifying breakdowns joinirgdapturing areas. The growth of the area under
capture is outlined in Appendix4.2. At the end20D5, 8.14% of the country’s agricultural land was
being captured annually, and this cumulative afdarml under capture has risen over the years since
2005 and reached 29.18% at the end of Dec.201lile\&#ch year has seen an increase in the overall
hectares that fall within area under capture, #te of increase in the area under capture is istrga
at a declining rate as shown in Table3.

Table 3. Rate of Growth of Lands under Capture 206-2011.
2006 plus 5.94% (from 8.14% to 14.09%) equptin42.16% of new land added
2007 plus 4.41% (from 14.09% to 18.50%) eiqgato 23.84% of new land added
2008 plus 3.57% (from 18.50% to 22.07%) eiqgato 16.18% of new land added
2009 plus 3.50% (from 22.07% to 25.59%) eiggato 13.67% of new land added
2010 plus 2.14% (from 25.59% to 27.71%) eiggato 7.72% of new land added
2011 plus 1.47% (from 27.71% to 29.18%) eiggato 5.04% of new land added

The next enhancement to the current program isctirainued culling will be compared with an
alternative strategy whereby badgers will be vaateid intramuscularly with BCG vaccine and if
vaccination of badgers is effective in limitingrerspecies infection in badgers and inter-speciés w
cattle, then long-term culling will be replaced &y initial culling program that will be followed by
long-term vaccination. These trials are commen@m@012, and will require to be running for 4
years before any evaluations will be attempted.e €Tarrent program will therefore continue until
2016. This will involve the area under captureréasing by somewhere in the range of 5-7%, of
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which 1.5-2% will be under vaccination, assuming tinends in growth of areas under capture
continue as outlined in Table3.

The effect on badgers captured under the program.

The effects the population control program beingerafed by DAFM on badger numbers
nationally is discussed in detail in Chapter3. eDat Table4 are the results of the culturing tisat i
carried out on badgers removed as part of the dagtprogram running in high risk bTB areas that
are represented among those 15,000kfmfarmlands where capturing takes place. Tissmaraples
are harvested from roughly 30% of badgers captued,represents a random sample of tissue from
the freshest cohort of badgers that arrive at #ieghogy labs for evaluation. The culturing is dam
a pooled sample of tissue collected from up toitiessand culturing is attempted using one plate pe
badger.

Table4 Numbers of Badgers cultured and their outcores 2008-2011

Year NumberBzdger's sampled/tested Nendwlture positive
2008 1,754 399 (23%)
2009 1,129 159 (15%)
2010 2279 305 (13.38%)
2011 1978 228 (11.5%)

This culturing protocol is not the most sensitiliattcould be delivered, but is deemed sufficient
given the resource and cost constraints curremplying. In relative terms, the levels of bTB in
badgers has fallen from 23% in 2008 to 11.5% ih120It has been established that badgers in areas
experiencing serious outbreaks of bTB in cattle whemoved have bTB confirmed in between 40-
50% of cases. It has also been established tleat [wopulations of badgers in areas that have
remained free of bTB for the previous five (5) y&atespite having cattle present have bTB levels of
15%. The declining rate of bTB in the culture tesoutlined in Table4 reflect the consequences of
removing the more heavily infected residents ofythrisk areas”, and their replacement by inward
migration of neighbouring badgers that likely ampresentative of less heavily bTB infected
populations akin to those populations with 15% plence.

This observed decline in the prevalence of bTBadders culled in “high bTB risk” areas can
expected to have the following outcomes:

* Fewer infected badgers in these areas leadingaterfaewly infected badgers and cattle from a
local badger source.

* Fewer new outbreaks of bTB in herds locally dua badger source.
The effects of the program on bTB levels overalhicattle.

Data presented previously at Table 1 outlines #wiming rate at which new herd breakdowns
are being detected. Additional data is presentetable 5 which confirms these outcomes. The data
in Table 5 outlines the results of tests that agied out on cattle slaughtered at export plants
annually. Under EU regulations, all carcasses nhestexamined and passed fit for human
consumption. Among the evaluations carried ouPblic Health personnel at meat plants, carcasses
are examined for evidence of bTB and any tissuspestied of containing TB-like lesions (evidence
of TB) are sent for laboratory confirmation. SirR@07, the rate of lesions confirmed at slaugh#er h
fallen from 20.7 to 13.3 per 10.000 (0.207% to B8%3, which is an improvement of 30%. This is
evidence of a
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Tableb.

Year Routine Suspect Lesion Submission Lesions with | TB Suspect | Suspect lesions
animals submissions Rate total B confirmed | lesion other than TB per
slaughtered from routine lesions per confirmed per 10,000 | due to 10000 routine
(non-reactor) | animals 10,000 routine routine other animals

slaughtered animals animals than TB | slaughtered
(non-reactor) | slaughtered slaughtered
2007 1,744,717 6,234 35.7 3,613 20.7 2,621 15.0
2008 1,638,803 4,821 29.4 3,198 19.5 1,623 9.9
2009 1,584,435 5,652 35.7 2,947 18.6 2,705 17.1
2010 1,697,755 5,330 31.4 2,859 16.8 2,471 14.6
2011 1,624,728 4,553 28.0 2,161 13.3 2,892 14.7

reduced risk of intra-species infection with bTBcattle, and is a further component leading to
the lower rates of herd breakdowns due to bTBhhae been described in Tablel.

The data in Tables4 and 5 explains the respedieenicro level components that are taking place
in the national badger and cattle populations &hatleading to the macro trends in incidence of bTB
described in Chapterl and in Tablel of the curcbapter.
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APPENDIX E — THE DISTRIBUTION OF MYCOBACTERIUM BOVISINFECTION IN NATURALLY
INFECTED BADGERS

By Corner LA, O'Meara D, Costello E, Lesellier Syr@ley E.

Source

School of Veterinary Medicine, Veterinary Scien€entre, University College Dublin, Dublin,
Ireland.

Abstract

Populations of Eurasian badgers (Meles meles) witherculosis (Mycobacterium bovis
infection) are a significant reservoir of infectitor cattle in Ireland and the United Kingdom. hist
study the distribution of infection, histologicakions and gross lesions was determined in a sarhple
132 culled badgers from naturally-infected wild plations. Badgers were culled when an
epidemiological investigation following a tubercsil® breakdown in a cattle herd implicated badgers
as the probable source of infection. The definibbiuberculosis infection was based on the isofati
of M. bovis from tissues or clinical samples. Arca@te diagnosis of infection was achieved by
culturing a wide range of lymph nodes (LN) and ordgessues (mean 32.1) and clinical samples
(faeces and urine) from each badger. Infection e&scted in 57/132 badgers (43.2%). Histological
lesions consistent with tuberculosis were seen9fb3 (68.4%) culture-positive and 7/75 (9.3%)
culture-negative animals. Gross lesions were seamly 30/57 (52.6%) infected badgers, leaving a
high proportion (47.4%) of infected animals witkelat infection (no grossly visible lesions). Thesho
frequently infected tissues were the lungs andaayilLN, followed by the deep cervical LN, parotid
LN and tracheobronchial LN. The data support thpotiyeses that in badgers there are only two
significant routes of infection, namely, the lowespiratory tract and bite wounds, and that badgers
are very susceptible to infection but resistarthtodevelopment and progression of the diseasall At
levels of disease severity, infection was foundidely dispersed anatomical locations suggestiag th
there is early dissemination of infection in theipe preceding the development of active immunity.

Link
http://www.ncbi.nlm.nih.gov/pubmed/22542391

Copyright © 2012 Elsevier Ltd. All rights reserved.
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APPENDIX F —THE PREVALENCE AND DISTRIBUTION OF MYCOBACTERIUM INFECTION IN
EUROPEAN BADGERS (MELES MELES) AS DETERMINED BY ENHANCED POST MORTEM
EXAMINATION AND BACTERIOLOGICAL CULTURE

By Murphy D, Gormley E, Costello E, O'Meara D, CarihA.

Source

School of Agriculture, Food Science and Veterindedicine, College of Life Sciences,
University College Dublin, Belfield, Dublin 4, Ir@hd. denise.murphy@ucd.ie

Abstract

The accurate diagnosis of Mycobacterium bovis indacin badgers is key to understanding the
epidemiology of tuberculosis in this species ansl $ignificant implications for devising strategtes
limit spread of the disease. In this study, badger215) in the Republic of Ireland were examined a
post mortem and tissues were collected from a rahgmatomical locations and pooled into groups
for bacterial culture of M. bovis. By assessingfaomed gross visible lesions (VL) alone, infection
was detected in 12.1% of badgers. However, by dictuthe results of all culture positive pooled
samples, the overall infection prevalence increasigdificantly to 36.3%. Two-thirds (66.7%) of
infected animals had no visible lesions (NVL). Whihe thoracic cavity (lungs and pulmonary lymph
nodes) was found to be the most common site otfiafie, in a proportion of animals infection was
absent from the lungs and draining lymph nodesveas confined to the lymph nodes of the carcase
or the head. This may indicate an early extrapubmpulissemination of infection or alternatively, in
the case of the head lymph nodes, a secondarygmatiwopathway involving the lymphoid tissues of
the upper respiratory tract (URT).

Link:
http://www.ncbi.nlm.nih.gov/pubmed/19545882

Copyright 2009 Elsevier Ltd. All rights reserved.
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APPENDIX G - CONTROL OF TUBERCULOSIS IN BADGERS BY VACCINATION

Vaccination as a control strategy

Since tuberculous badgers were first identifiedr @@years ago, badger culling has been undertaken
in Ireland in an attempt to limit transmission titte. Both selective and non-selective cullingitsigies
have been used; the primary goal of culling is éordase the size of the badger population in dader
reduce the risk of transmission to cattle. Whenased over large areas, non-selective removal of
badgers leads to a significant reduction in theéderce of tuberculosis in associated cattle pojmuriat
(Donnelly et al., 2006; Donnelly et al., 2007; @nfet al., 2005). The aim of selective cullingts
remove the most heavily infected animals or sogmups in the population in response to severe
breakdowns in cattle and this strategy has beewrsho decrease the risk of TB transmission to €attl
(Olea-Popelka et al., 2009).

However, recognizing that the badger is a protesfagties under national and international law, an
alternative strategy to culling currently being lkexpd is the development of a tuberculosis vacéaone
badgers (Gormley and Collins, 2000). Vaccinatiom ipragmatic approach to combating the disease in
wildlife as it provides a non-destructive method aafntrolling disease: vaccination may also prove
effective for controlling tuberculosis in cattlehd aim of vaccination is to reduce the prevalence o
infection in the badger population or to change ¢xpression of the disease and lower the risk of
transmission. Therefore, successful vaccination lsandefined as either prevention of infection or
decreased severity of disease with a resultanedserin excretion and a lower risk of transmissfan.
injectable BCG vaccine has been granted a liceosaide in the UK and a field trial of this vaccine
demonstrated that the vaccine reduced the numbgt. dovissero-positive badgers by 74%, compared
with non-vaccinated badgers (Chambers et al., 2011)

Current badger vaccine research in Ireland

A 15-year work program was established by DAMFL$98 to develop and adapt the BCG vaccine to
protect badgers against tuberculosis and proviatiftic support for the incorporation of vacciratiinto
the Irish national tuberculosis control and eratiticeprogram. The program has been designed lmxa
logical sequence of studies using captive badgeespurpose built facility, complemented by studiés
badgers in their natural environment. In studieth waptive badgers we have found that the BCG wacci
(the vaccine used to control Th in humans) can g¢agrotection against tuberculosis when delivéned
a number of routes including the oral route. Howewhereas captive badger studies are the most cost
effective way of examining various aspects of thenune response and the induction of a protective
response by vaccination, such studies cannot shatvBCG vaccine will be protective in free-ranging
badgers or provide a estimate of vaccine efficdéys can only be determined in a field trial. Angld
trial will, by necessity, use an oral delivery gmtas that is likely to be the method of choiceafay broad
scale application of vaccine.

Co Kilkenny vaccine field trial

A 3-year long oral vaccine field trial in badgesscurrently underway and nearing completion in Co
Kilkenny with the aim of demonstrating that the teiion observed in captive badger studies alsarscc
in wild badgers under conditions of natukél bovistransmission, and to measure vaccine efficacy (€orn
et al., 2009). In the Field Trial, badgers are geiaccinated with the BCG-Danish vaccine encapsdlat
a semi-solid matrix that has been prepared spaliifiéor this purpose by a collaborating laboratdamy
New Zealand. The trial is also providing a pradtlzase for understanding the logistics of oral\agly to
wild badger populations. In choosing a site to emtdhe study, the Kilkenny area designated fortitiad
fulfilled the required criteria for the vaccine djuarea. The prevalence of tuberculosis in the éadg
population in the area was predicted to be ~30%aljished through historical records obtained from
badger culling data within or adjacent to the choBeld site). All the setts have been identifiettlahe
area has been surveyed to establish that the eegpdpulation (300 badgers initial population)rieggnt.

The trial area has been divided into three zonegdgmed initially by number of main setts, herd size
and terrain) each with a different level of vaectoverage. In Zone 1, 100% of captured badgers hav
received vaccine. In Zone 2 there has been 50:§0esdial coverage with vaccine or placebo when the
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captured badgers were being processed. In Zon@08p bf captured animals have received placebo. The
overall vaccine coverage is 50% in the trial afeahe trial badgers have been “hand vaccinatddtl, is,
each animal individually orally dosed with the vimec This has ensured that there is an accurateded
which badgers are vaccinated, when they were vamminand ensure that there is no environmental
contamination with live BCG. Vaccine and placebatoal samples are ‘double-blind’ coded and fielaffst
are unaware of the vaccine status of individuainaihs.

Throughout the trial, estimates of changing incaiehave been made from the measurements of
individual immune responses. At the end of the yttlte area will be depopulated and all badgers
examined for tuberculosis by culture. The vaccifieaey will be estimated from a comparison of the
number of infected badgers in the vaccinated gseitip the non-vaccinated control group (Aznar et al.
2011). Itis anticipated that the preliminary festrom the field trial will be available in earB013.

Vaccination of badger populations in Ireland

With badger vaccine field trials underway, attemtis now focusing on the types of vaccination
strategies that might be implemented in a vacciregnam. There are a number of development
options available. Considering the cost and loragl lBme of research, and the ongoing cost of the
disease to the cattle industry in Ireland, a tengptiption might be to take the encouraging resflts
captive badger studies and simply deploy the va&coirer large areas in the hope that it is effective
However, such ill-conceived use of the vaccine ddeld to erroneous conclusions, the most likely
being the false conclusion that the vaccine isfeuifve.

The key goal of population vaccination is to readd maintain the threshold for herd immunity
i.e., as the immune proportion of the populatioareases through vaccination, a positive effect is
conferred on the non-vaccinated portion, resulimg decrease in the overall disease risk. Achgevin
herd immunity will directly impact on the transni@s risk to vaccinated individuals within the
population but will also have an indirect effect i@ non-vaccinated susceptible proportion of the
targeted population by decreasing infection pressline vaccine will only be protective against new
infections and will have no therapeutic effect iadbers already infected. Some vaccinates may
develop disease due to overwhelming challenge laadréquency of this will decline as the overall
prevalence declines. The generation and maintenahdeerd immunity will occur through the
accumulation of protected individuals above a thols level. When this threshold is reached and
maintained, the disease will eventually disappeamnfthe population. The accumulation of immune
individuals will be achieved by continued revactiora of the population and the increased survival o
vaccinated over non-vaccinated badgers, and tlve dézline in the number of tuberculous badgers
through diseased induced mortality and deathsa@other causes.

Strategic options for vaccine delivery

No single vaccination strategy will be suitablectmtrol infection in all populations of badgers
and a number of different options will need to lmmsidered to optimize the chances of vaccine
success. For example, the objectives for vaccinaitio high prevalence areas will be to reduce
prevalence of disease and this differs somewhat fow prevalence areas where the objective will be
to prevent infection of the population or its elivaiion.

Which badgersto vaccinate?

Many infected badgers live long lives and infecded/s may reproduce successfully (Cheeseman
et al., 1989; Gallagher and Clifton-Hadley, 200h)e risk of infection within the badger population
appears to be equal for all age groups with noipeage associated risk (Murphy et al., 2010).
Therefore, as badgers age they accumulate a rieadming infected. Therefore, in the context of
vaccination it will be necessary to target all algsses of susceptible animals.

Where to vaccinate?

The time required for vaccination to exert an impat a population of badgers where infection
exists will be fastest where the incidence and gience of disease is low. In these areas the
transmission rates will be relatively low and harsnunity can be generated in a shorter time period
compared with high prevalence areas. In these latéas where the transmission rates are highill it w
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be imperative to maintain vaccination of a higheaportion of the susceptible population to generate
herd immunity.

When and for how long to vaccinate?

The two key components that influence the optinmaingg of vaccination are the duration of
immunity afforded by BCG and the rationale undempig a schedule for vaccination. The BCG
vaccine has been delivered to humans throughouvtkel for at least 80 years and studies suggest
that protection is maintained for at least 15 ye@k&®ir et al., 2008). However, in wild animal
populations the schedule of vaccination is likelyhave a greater impact on population immunity than
the duration of BCG protection. Badger cubs arenhborearly spring, and it would be desirable to
vaccinate them as young as possible. A schedwelefst annual revaccination of the population may
be necessary if disease eradication is the desirépoint. An annual schedule of vaccine delivety wi
also facilitate vaccination of immigrants from neaecinated populations and animals that may have
been missed in previous rounds of vaccination.

Time frame for vaccination to control tuberculosisin badgers

If eradication of the disease in the targeted patmn is the objective of the program, uniform
vaccination of the entire population, or a sigmific proportion of it, will need to continue untiet last
infected badger is removed from the population. Texine effect will be seen as a gradual decrease
in the number of diseased animals in that popuiafithere will be infected individuals that have a
very long lifespan, living with tuberculosis for mayears. It is these animals that will determine t
length of time that vaccination must continue. @Gumd vaccination of badgers over large geographic
areas for 15-20 years would be a conservative atifor the time required to reduce the inciderfce o
tuberculosis in badgers to the extent that eradicatvas a realistic end-point. However, a
combination of strategies that includes a targetdlihg component of badgers in response to cattle
breakdowns, predicated on the knowledge that iefechttle are sentinels for high Tb prevalence in
associated badger populations (Murphy et al., 20ddyld significantly shorten this time frarae
impact of badger vaccination on cattle

The effects of badger vaccination will be deteadhkt in the badger population; however, it will
take many years of repeated vaccination beforadigease declines in the badgers. It is unclear at
present what constitutes the best measure forrdietielg a positive effect of badger vaccination on
tuberculosis in cattle. A decline in herd breakdameidence might provide an initial useful measure.
In Ireland, during the 5-year period of badger reaton the Four Area Project (FAP), the odds and
hazard ratios of a confirmed restriction in the ogal areas were significantly lower than in matched
reference areas (Griffin et al., 2005). To achithe same reduction level with vaccination, the area
would need to be at least the same size as thode iRFAP. However, because the decline in the
disease prevalence in badgers will be slow, evéim i@peated vaccination, the corresponding decline
in herd breakdowns will also be gradual. In otherdsg, it may take many additional years to observe
the same reduction in herd breakdown incidenceltiegufrom vaccination when compared with
culling. Given our knowledge of disease transmissaies in badgers and vaccine efficacy, it idyike
that a minimum period of 5 years of continued vaaton of badgers over large geographic areas
would be required to significantly impact on theyalence of Tb infected cattle in those areas.

Conclusions

In spite of the recent advances made in developimgccine for use in badgers, considerable
challenges remain prior to full implementation ofegccination programme, whether it is based on oral
or parenteral delivery. Not least is the developnnefficient vaccine baiting systems to achieve
high vaccine coverage in targeted populations. drivironmental impact and effects of the vaccine on
non-target species also will need to be determilmechaking decisions on the appropriate strateigies
employ and the method of vaccine delivery, therddsputcome needs to be carefully considered. If
the aim of the vaccination is to eradicate the aisefrom badgers then it will only be necessary to
vaccinate for a finite period of time, until thestanfected animal is removed from the populatibn.
the primary aim of the vaccination is to lower therd prevalence in cattle, without achieving
eradication in badgers, then vaccination will ndedbe continued indefinitely. In addition, the
vaccination program will need to be carried outiagfathe background of exhaustive investigation of
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tuberculosis in cattle, animal husbandry methods| herd management—related factors that may
affect cattle-to-cattle and badger-to-cattle traissman. Nevertheless, by removing the influence of
the reservoir host, an effective badger vaccinatimgram could help improve the efficiency of the
tuberculin testing programme for controlling cattbecattle spread and would also address a major
impediment to the eradication of bovine tubercasilreland.
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Abstract

The principal wildlife reservoiMycobacterium bovien Ireland is European badger. Studies in
the Republic of Ireland (Rol) have shown that baslgeulled in association with cattle herd
breakdowns (focal culling) have a higher prevaleoicanfection than the badger population at large.
This observation is used as the justification foe tedium term national strategy of focal badger
culling. A vaccination strategy for the control™f in badgers is a preferred option. The BCG vacin
has been shown to induce protection in captive &adglthough you can test vaccines in a control
environment with precise information on infectioregsure, it would be controversial to assume that
similar effects of the vaccination would be seenthe wild where other environmental and or
ecological factors could affect the results. Fas tieason a vaccine field trial to assess the impfc
vaccination on the incidence of tuberculosis inild Wadger population has been designed as part of
ten year project to control and eradicate tubesislm cattle in Ireland.

The selected study area for the vaccine trial @pprately 755 square kilometers) was divided
into three zones each of which has similar charisties in terms of size,number of main badgerssett
cattle herds, cattle and land classification typleree different vaccination levels (100%, 50% and
0%) will be randomly allocated to the three zonesiway that a gradient of vaccination coverage
North to South is achieved. Therefore the mediumez@Zone B) will be vaccinated at a 50%
coverage but Zone A and C will be randomly allodatgth 100% or 0% vaccination coverage.
Vaccination within Zone B will also be done randgmBadgers will be captured, vaccinated with a
lipid-formulated oral BCG vaccine or a placebo defirg on the allocated treatment and then
released. Each time badgers are captured duriognal of trapping they will be examined and a blood
sample collected. Humoral assays will be conduotederum. Four years later at the end of the study,
the area will be depopulated and all captured badgél be subjected to detailed post mortem
examination, histology and bacterial culture.

The objective of this paper is to describe thd tiesign, epidemiological methods that helped to
mount the vaccine trial and the subsequent datysagaThe analysis will enable evaluation of the
effect of vaccination on disease transmission ufigét conditions. It will also aim to quantify the
magnitude of the observed effect and to improve knowledge on the biological effects of the
vaccination on susceptibility and infectiousnesthefbadgers in the trial.

Introduction

Ireland initiated an eradication program for bovinkerculosis (bTB) as early as 1950 (More and
Good, 2006). The adopted test-slaughter policyeagh reduction in cattle tuberculosis prevalence by
97%, going from 17% to 0.5% prevalence in the ahiten years (Watchorn, 1965). Subsequently to
that initial drop, tuberculosis prevalence in Irelehas remained the same despite the introducfion o
other measures aimed at reducing cattle to catthesmission (Griffin and Dolan, 1995).
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It was in the 1970's in England that badgers wadrst fsuspected to be a reservoir for
Mycobacterium bovis (Krebs, 1997). The first infttbadger was discovered in Ireland in 1974
(Noonan et al., 1975). Since then numerous pagpare heen published in Ireland and England that
confirm badgers as the main M bovis reservoir ieséh countries (Barrow and Gallagher, 1981;
Cheeseman et al., 1981; Fagan, 1993; Gallaghdr, €it9898). A recent study carried out in Ireland
detected a prevalence of 36.3% in badgers trappedra of DAFF culling operations; the prevalence
observed here was much higher than in previousestusthere less comprehensive bacteriological
culture examination had been used (Murphy et @092

The precise role of badgers in the maintenance T8 s not completely clear. Different
epidemiological studies in Ireland have linked bEdgmoval with a subsequent reduction in bTB
incidence (Eves, 1999; Griffin et al., 2005; Morela5ood, 2006). However, in a field study carried
out in Britain, the reduction in cattle TB incidenin culled areas was only modest and an increase i
TB incidence was observed in non culled neighbodareps (Woodroffe et al., 2007). Furthermore,
Pope et al., ( 2007) concluded that the increagedafence observed in neighboring areas was
associated to medium and long-distance badger rdmspand emphasized the importance of taking
into account the potential negative effects assediao badger dispersal when using culling as a
disease control strategy. Although there are disareies between different studies about the
efficiency of badger culling in the control of datfTB, they all provide compelling evidence that
badgers play an important role in the maintenaridel 8. Therefore, addressing infection in badgers
is considered vital when trying to control bovindgérculosis in the aforementioned countries. The
fact that badger culling is not a viable long-testrategy for TB control has led different governisen
to look for alternatives to control bovine tubesis.

In 2001 a 10 year work program was designed immeblto study the possibility of using Bacillus
Calmette-Guerin (BCG) vaccine in badgers to helfnencontrol and eradication of bTB in cattle. The
program consisted of a sequence of studies caoigdinitially in a purpose built facility and
subsequently in the field, that would provide stifensupport for the use of the vaccine as a TB
control strategy in badgers(Corner et al., 200%elleer et al., 2009). Although you can test vaesin
in a control environment with precise informatiom infection pressure, it would be controversial to
assume that similar effects of the vaccination m@og would be seen in the wild where other
environmental and or ecological factors could affae results. For this reason a vaccine field taa
assess the impact of vaccination on the incidehteberculosis in a wild badger population has been
designed as part of the ten year project.

The objective of this paper is to describe thd tiesign, epidemiological methods that helped to
mount the vaccine trial and the subsequent datysagaThe analysis will enable evaluation of the
effect of vaccination on disease transmission ufigét conditions. It will also aim to quantify the
magnitude of the observed effect and to improve knowledge on the biological effects of the
vaccination on susceptibility and infectiousnesbadgers in the trial.

Theoretical basis: a review
Initial considerationsto design a vaccinetrial

Specifying clear question(s) of interest is ess¢mthen designing a trial to evaluate the effe€ts o
vaccination. Different vaccination programs haviedént aims; the question of interest could vary
from how good vaccination is at protecting the wdiial against infection to what reduction in
infectiousness can be achieved by vaccination anuihgrs. The effect of interest is going to
determine the study unit, parameters of effect el ag the level of information required (Hallorein
al., 1997). The main question of interest in ourdgt was to determine how efficient badger
vaccination is at reducing M bovis transmission.

Vaccines that are successful at reducing diseasgsriission in a population will have a
beneficial effect in vaccinated as well as in urvaated individuals and these effects can be quite
different. The effects of a vaccination progranthe unvaccinated individuals are normally refered
as “indirect effects” while the term “total effect§ used to refer to the direct (due to individual
protection) and indirect effects (due to populafievel-effects) observed in the vaccinated group
(Halloran et al., 1999). To gain a better underitag of the way BCG vaccine works, we defined two
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more secondary questions of interest in our stiyw much of the vaccine effect in vaccinated
badgers was due to protection of the vaccinatewigwhl (Vaccine Efficacy for Susceptibility, \g¢
and how much was the total effect of the vaccimapoogram (Vaccine Efficacy for Infectiousness,
VE)).

Parameters of effect

The transmission parameter between vaccinated awdcainated badgers in its four different
forms: transmission from a vaccinated to a vaceihabadger ), from a vaccinated to an
unvaccinated badgeB\y) and from an unvaccinated to a vaccinateil,f) and an unvaccinated
badger fuu) were defined as the basic parameters of inteéfésise four parameters will allow us to
assess the three previously defined questions tefeist by calculating the Basic Reproduction
Number (R), VEs and VE.

The average number of secondary cases caused byymnally infected individual in a fully
susceptible population (Diekmann and Heesterbed@®)2® called the Basic Reproduction Number
(Ro). Ry is determined by the transmission rates betweeainated and unvaccinated badgers and the
time infected badgers remain infectious. Transmissates are a combination of the infectiousness of
the donor and the susceptibility of the recipiedividuals; since vaccination with BCG has the ptité
to affect both, Rwill be an important parameter for understandhmgitnpact of badger vaccination in
disease transmission and population dynamics ofaviB The vaccine badger trial was designed to
estimate Ras a function of the fraction of the vaccinatiaverage for a given Vdand VE.

Vaccine efficacy/effectiveness has been traditigradgfined as 1 minus some measure of relative
risk (RR) of the vaccinated group compared to e vaccinated group (Halloran et al., 1999). i th
past, the main objective of vaccine studies wasi¢asure individual protection against infection or
disease (vaccine efficacy for susceptibility, y/EAlthough not that much appreciated in the past b
equally important is the ability of a vaccine tawee the duration or severity of the infectiousrass
vaccinates who become infected or Vaccine Effidacyinfectiousness (VIE (Longini et al., 1998).
The latter effect has been recently observed wletinating badgers using BCG vaccine by the
subcutaneous or mucosal routes (Corner et al.,)2008e experiment, M. bovis was recovered from
both vaccinated and non vaccinated badgers aftierg behallenged with the mycobacterium. A
reduction of the size, number and distribution lné gross and histological lesions in vaccinated
badgers compared to non vaccinated badgers wasndtiated. Vaccination was not seen to confer
individual protection against infection in the mientd study, but this has to be cautiously integate
as vaccine protection could be dependent on tleetioh dose and is not known what the infectious
dose is in natural infections. Estimation of &/&nd VE will give us a deep understanding of the
biological ways BCG vaccine works in a wild badpepulation.

Information required and selection of trial design

Information on which badgers are infected and whiegy become infected is necessary to
estimate the foup parameters. The vaccination status of the badgetslisease incidence data would
also be required.

Indirect effects in unvaccinated individuals ar¢ desirable and should be minimized when the
guestion of interest is to assess the ability shecine to protect the individual; that is why it
effects tend to be associated with negative effedthough, when the main effect of interest is to
assess the use of vaccination in reducing diseassnission in a population, both indirect anddire
effects are of interest. Longini et al., 1998 destmied that when individual contact information is
not available, Vg and VE can be estimated if a trial is conducted in astldsavo populations
vaccinated at different coverage levels. The badgecine trial was designed to achieve a North-
South gradient in vaccination coverage. Becausesmngsion rates for individual badgers depend on
the badger surroundings a model was built to cofi@cdifferences between the three vaccination
zones.
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Epidemiological contribution to the design of the accine trial
Study site

Prior deciding on study site for the badger vacdimd, different epidemiological and logistic
factors were considered:

* Because of the actual badger culling pollicy iddrel, it was important to assure that the area
selected for the vaccine trial had been proteateh foroactive culling for some time before the
commencement of the trial. Proactive badger culiinthat area would have had a negative effect
not just in the total number of individuals captliut also in the initial prevalence.

* Knowledge of the area in terms of setts locatios e@sidered an advantage.

*  Support from the local farming community as wellfasn from both the Divisional Veterinary
Offices (DVO) and the Reference Veterinary Labaia®(RVL) was vital.

The area finally selected for the vaccine trial Wwasted in County Kilkenny. The size of the area
is approximately 755 square kilometers. This araé lbeen part of one of the reference areas in the
Four Area Project (FAP) (Griffin et al., 2005) amdvill have been protected from proactive culling
for at least two years by the time the vaccinel starts. A prevalence of infection of 30% was
expected based on historical data referring tohtmigring areas (removal area in the FAP). Some of
the badgers setts in the study site had been eds@opsly identified. Local farmers had been pér o
previous study and they were known to be cooperalihe same applied to DVO’s and the Reference
Veterinary Laboratory.

Study design

Based on the objectives mentioned previously tea aelected was divided into three zones with
similar characteristics in terms of size, numbem@lin badger setts, cattle herds, cattle and land
classification (Figure 2). The aim was to achisiwmilar infection pressure from cattle and badders
the three zones. Natural boundaries such as rorecgties were used when possible as part of the
perimeter of the study area or as a separationdaegithe three zones.

Badgers will be captured, vaccinated with a vaca@nea placebo depending on the allocated
treatment and then released. Live M. bovis BCGirsttamnish will be used. It will be prepared in a
lipid formulation for oral delivery. The vaccine livtontain 18 colony forming units/ml. A lipid only
placebo with identical visual characteristics, tegtand viscosity to the vaccine, and in identical
syringes, will also be used. Vaccine and placeldrobsamples will be coded at the laboratory where
they are processed and neither field staff nor da@ist will be aware of the vaccine status of
individual animals.

The study will employ a cature-tag-release reginiih Wwoth cages and stopped wire restraints
being used. Badgers in the trial will be “hand waated”, that is, each animal will be individually
orally dosed with the vaccine. Each badger willggemanently identified with a tattoo and passive
transponder (microchip) when first captured. Eadhetbadgers are captured during a round of
trapping they will be examined and a blood samplicted. Humoral immune responses will be used
to determine the badger’s infection status andetea a change in infection status, that is, teatet
both pre-existing infection in badgers as they maeruited to the study and new infections on
recapture. Humoral assays will be conducted ormselnformation on the badgers’ sex, estimated age
(cub, juvenile, and yearling, adult and old aduttpdy weight, presence of injuries and the GPS
location of the cage trap or restraint will be mglsal every time badgers are trapped. All data
collected in the field will be recorded onto handheomputers. The trial will last four years anérén
will be two sweeps of the entire area each yearth&tend of the study the whole area will be
depopulated. A detailed post mortem examinatiohbelconducted on all dead badgers, involving an
examination for gross pathology and the collectibrsamples for histopathology and bacteriology.
The severity of infection will also be assessednftbe number, distribution and the severity of gros
lesions, the number and distribution of histologleaions, and the number and distribution of aeltu
positive tissues and the bacterial load in thasugs.
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Where herd breakdowns occur in the trial area gdpor during the trial, the criteria set out for
application for licences to cull badgers in theinity of breakdowns will be similar to that thateas
for the FAP, except that only 3 standard reactadlisbe required. If culling is required for controf
tuberculosis in cattle herds, the culling will berreed out by the dedicated field staff of the pobj
when they next trap in the designated area.

Analysis of the vaccine trial data
General description

The data generated from the vaccine trial will béhe form of a Bernoulli experiment. Badgers’
infectious status will be recorded, allocating I0atepending on whether the badger is infectedbr n
respectively. Infection in this case will be definegy serology results. Records on individual baslger
will be taken every time they are trapped (not seagly at each trapping exercise) such as location
the badgers at the time of the trapping (Zone AyrE) and vaccination status. Other demographic
data will be also recorded.

Some new variables will be calculated from the inafydata and the final dataset will consist of
records containing data observed between eachcudisietrapping of each individual badger. Some
of the variables will be;

» Time interval or length of time between the twocbats (t)
» Disease status of the badger at the beginning taihé &nd of the time interval

» Vaccination status of the badger

» Zone where the animal was observed at the begiranidgnd of the time interval (A, B or C)

» Prevalence of infection in the area where the batlge been observed during the time interval
(PrevA, PrevB, PrevC)

» Fraction of infected badgers that are vaccinatetthénzone where the badger has been observed
during the time interval (Ry Fvs, F\)

The rate at which vaccinated/non vaccinated badaeysire infection from vaccinated and not
vaccinated badgers can be estimated based on skeveld probability of becoming infected for each
of these individualsp{y, Pvu, Buv, Buu). For examplepyy will be the rate at which a vaccinated
badger acquires infection from a non vaccinatedjead

The estimated parameters will be used to calculate sVEE, and R as a function of the
vaccination coverage.

Estimation of the g parameters

If we ignore at this stage the vaccination stat¢hefanimals a stochastic susceptible-infectious
(SI) model can be used to describe the transmissiaidl Bovis in the trial by which infectious
contacts can occur if infectious and susceptibtitviduals are present. The number of infectious
contacts encounter by a randomly chosen individua period of timeAt follows then a Poisson
distribution with parameterp/N) At.

Where:

B= Infection parameter

At= Time interval

I= Number of infectious individuals
N= Total number of individuals
I/N=prevalence of infected badgers

From the above it can be derived that the prolglufi a susceptible animal escaping infection in
a period of timeAt is € N and therefore the probability of at least oneneeecurring in that time
will be defined as:
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1_ e Bl At/N

The observed infectious status of an individualgesicht the end of the time interval between two
catches (C) can be modeled using a binomial digtdb where S is the number of susceptible badgers
at the beginning of the time interval (0 or 1 depirg on whether the badger is already infectedobr n
respectﬁilvg%) and the probability of this badgeb&xome infected during that time interval is dedin
by 1-e

C=S (l_ élil At/N)

Based on serology we will be able to determindrifectious status of the individual badgers (C),
and by using a Generalized Linear Model (GLM) wahcomplementary-log-log link function, a
binomial error function and offset log(I/I4¥) the infection paramet@rcan be calculated.

Because of the introduction of the vaccination pescthere is going to be some heterogeneity in
terms of infectivity and susceptibility of the badg. What has been explained above still applies
when using vaccination but in this case four dédfdrinfection parameters rather than one can be
estimated from the observed dafgi, Pvu, Puv and PByu. The sub-indexes V and U stand for
vaccinated and non vaccinated respectively. Ttse $inb index will refer to the vaccination state of
the badger from which infection is coming from ahd second sub index to the vaccination state of
the susceptible animal that has been in contadt thie¢ first. Thereforgy, will be the infection
parameter that will describe the rate at which eciveated badger will acquire infection from a non
vaccinated badger.

Lets assume that a badger that was originally edpp Zone A at time t is trapped again in Zone
A at time t+1 and that this badger had been vatsihat time t. Vaccination coverage in Zone A will
aim to be 100% although not all badgers are goingpe trapped in each trapping exercise. This
hypothetical badger will then have infection pre&ssaoming from vaccinated and non-vaccinated
infected badgers. The number of infectious contalt®unter by this randomly selected badger in that
period of time will be defined by:

(Bw 1v/N + Buy [u/N) At

If we assume that there is a multiplicative effeeting as the fraction of infected vaccinated
badgers increases, and after doing some algebempuniations:

Exp [Bw Fva +Puv (1-Fva)] PrevA At
or:

Exp [Buv + (Bw -Buv) Fua] PrevA At

where k, is the fraction of infected badgers that are vzeteid in Zone A and PrevA is the
prevalence of infection in Zone A.

If we makefyy = Ko and By -puv) =K, then we can write:

CV =S (1_ e—EXp [KotK1 Fyal PrevA At)

As we know the observed infectious status of tip&tcéic badger (¢) at the end of the time
interval (At), we can fit a GLM with Log (PrevAt) as an offset and calculate End K. We can
subsequently calculafig, andByy as:

Buv =EXp[K]
Buwv=EXp[Ko+K{]

If we apply the same logic to model the observéekiious status of an unvaccinated badge) (C
that was trapped in zone A at time t and at tinig we could estimat@,, andpyy as:

CU =S (1_ e—EXp [kgtk1 Fyal PrevA At)

BeingBuu=Exp[ko] andBvu=Explkot ki]
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These calculations will apply to all three zonesihwone C there will be no vaccinated badgers
so K¢ will be zero and that zone does not contributéhéoestimation of kand thus that area does not
give information foiByy.

Vaccine Efficacy for susceptibility can be calcelhthen as:

VEs=1-Buv / Buu
We can also calculate Vaccine Efficacy for infeginess as:

VEi=1-Bw / Buu
Finally we estimate f) where f is the fraction of vaccinated as:
Ro(f)=f Bvv T+ (1-f) BuuT
where T is the duration of the “infectious” peradch typical infected individual.

If BuuT <1 no vaccination is needed and wifigqiT>1 vaccination does not help. Otherwise the
vaccination fraction necessary in order to achiey@<1 can be calculated.

Discussion

Vaccine feasibility studies are design to helprgpare for vaccine trials by using a wide range of
epidemiological methodologies. Their aim is to aasguestions that could vary from identifying the
most cost-effective way to select high risk indivadk, to estimate the incidence of infection in the
recruited volunteers amongst other questions. Aljhdfeasibility studies are quite common in human
vaccine field trials, it is not that easy to firften in the clinical trial literature (Suligoi et,a2004).
When it comes to the veterinary field the literatig virtually non existent. With this in mind, then
of this paper was to discuss the theory appliednwdesigning the badger vaccine trial as well as the
epidemiological methodology and statistical analytkiat will help to interpret the results obtained.
The independent review of the paper will also asghiat possible caveats on the design and/or
analysis will be dealt with prior to the start bétvaccination program.

Defining specific questions of interest in the gastages of the vaccine trial was considered
crucial. Estimation of the Basic Reproduction Num@i®) calculated as a function of the vaccination
coverage will give us invaluable information on thgact of vaccination in disease transmission and
dynamics of M Bovis in badger#&lthough the vaccine trial will not be able to amswhether bovine
TB can be addressed by using vaccination in badgemsathematical model of bTB transmission that
describes the disease in cattle and badgers iRepablic of Ireland is currently under developnmemd
the parameters obtained in the vaccine trial wéllused to assess different control and eradication
options in cattle.

The importance of considering the potential indireffects associated with the vaccination
program in badgers has been highlighted in the pépehermore it has been shown how to estimate
VEs and VE by using different vaccination coverage in thalgtarea. The area was divided into three
zones A, B and C, such that differences in infecpcessure in the three zones at the beginninigeof t
trial were minimized. Although, there is an inhdrassumption that the contact patterns between
badgers will be similar in the three zones. Weedsgithat this is a reasonable assumption as the siz
of the total area is sufficiently small and thedscape and distribution of setts is very similathe
three zones. Further changes on infection pressuiee three zones will occur as the vaccine starts
working and so a model was designed as part adirtdysis to correct for these changes.

When possible, natural boundaries were used to@dfie perimeter of the study area as well as
the separations between the three zones. Some aléns used as part of the boundaries will previd
an effective barrier in keeping badgers in or dihe study area, although it is also possible sloate
other boundaries such as roads could be trespadsedelieve the number of trespassers will be
minimal based on badger’'s range and distance alidausetts from the actual area boundaries. For
simplicity reasons the analysis shown in the papdy accounts for badgers that are trapped in the
same zone as they were trapped previously, nomsthethe final model can be modified to
accommodate other scenarios where badgers moveofternone to another.
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Figure 2. Map showing study area divided into three zonesBAand C (grey, pink and yellow
respectively) where vaccination coverage will bd@d, 50 and 0%. Main badger setts are represented

with red dots and green dots represent otherygest
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APPENDIX | - PROPOSAL FOR A SERIES OF TRIALS IN WHICH INTRAMUSCULAR VACCINATION
OF BADGERS WITH BCG ETC

Proposal for a series of field trials in which I/Mvaccination of badgers with BCG in
controlled populations will be compared with the carent interim Wildlife strategy
which is based on targeted reactive culling of badygs adjacent to herds identified with
serious outbreaks of BTB that are likely due to shang an environment with TB infected
badgers and the subsequent maintanance culling uséalkeep badgers number low. This
will provide for a direct comparison between a maitenance cull policy and maintenance
vaccination policy and also allow for an operationeassessment of direct capture and
vaccinate procedures

Introduction.

Badgers are perhaps the ideal host species foroMs because their primitive immune system
reacts in more benign way to becoming colonisedh tiwvhat occurs in bovines or humans. The
ultimate eradication of TB in the Irish cattle ptagion will remain a technical impossibility until
either

(A) badger densities nationally are reduced below esttuld (probably in the range 0.4-0.8 badgers
per sg. km) that is sufficiently low to prevent theintenance of the disease in the badger
population while concurrently the test and slaughtegramme addresses the disease in the cattle
population.

or

(B) vaccination of badgers with BCG reduces and uliiyagradicates the disease in badgers, and it's
subsequent transfer to cattle, to a level that alithw the test and slaughter program in cattle to
succeed.

Comparing I/M BCG vaccination with continued cufjiwill require the following hypothesis to
be tested in a series of field trials.

that vaccinating badgers with I/M BCG in place @fgoing maintenance culling in areas where
culling has initially been applied for a minimum ®fcontinuous years, results in levels of TB in
adjacent cattle herds that are as low or lower thahat is being achieved by DAFFs current
Wildlife policy of reactively culling badgers ineas where BTB is suspected of being perpetuated
by a locally infected badger population.

The trials will require to be undertaken on stutigsswhere each treatment is applied over an area
not less than 150 sg. Km. Sites must be seleasdtiad from the perspective of badger culling, a
similar regime has been in place for at least tegipus 3 years.

A minimum of 6-paired sites (treatment/control) Maié required for statistically significant result
at the 95% level. If the difference between treatta turns out to be marginal, up to 12-pairedsite
may be required to achieve the required level ghiitance. If vaccination proves a sufficiently
superior treatment to continued culling such thabuld replace culling, one would expect to searcl
evidence emerging in 3-5 years of commencemerteo€dmparison.

The outcome variable of the trials will be the demce of BTB in cattle herds compared between
both sites. Local arrangements must be in plaemsore that BTB breakdown herds are managed and
SICTT tests are interpreted uniformly between satas areas where the trials are ongoing.

Criteria for site selection

For a site to be considered, a well establishedydradulling maintenance programme must be
operating continuously for at least 3 years, amddlogramme must have lowered local densities in
the areas under capture such that each new trapfiorg results in the capture of inward migrants.
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The most suitable sites that currently fill theg@teda are (in order) Longford, Tipperary and
Monaghan. The other three sites will be identitd later time

Resources required for a generic site
Farm Relief Staff.

Commonly, DVO areas use either 2 or 3 FRS stafhekl# there are 3, the trial will convert one
FRS person to a vaccinate/release strategy, ame ldee remaining 2 FRS staff on capture and
remove. The FRS person on vaccination/release stilll operate under the terms of the present
DAFM/FRS contract, but would not work the Sat/Syredafied under the 12-day Work Block
arrangements. The present contract specified G6hoorking hours over 12 days, whereas the FRS
person delivering vaccine will be required to detfithe same 56 hours over 10 days. Were thedrial
run at a DVO with 2 FRS staff, one will be convdrte vaccination/release.

Veterinary resources

A vet will be required to be in attendance eachthef mornings, Tuesday through Friday for on
average 2 hours (10.00 — 12.00) for the purposaloifinistering anaesthetic and vaccine etc

Technical resources

The vaccinating FRS staff person will require sujson/support that will be different to that
provided to FRS staff currently delivering the ecajtg program. At present, most DVOs supervise
the FRS staff on a 2FRS:1TAO ratio with some rugrar8:1 ratio.

The supervision/support provided to the “captueotiing FRS” staff person by the TAO
involves Dayl assistance laying restraints and DRa&y assistance lifting restraints. Random
inspections may be scheduled during the intervalvden Days 1-12, at the discretion of the
SVI/VI/IDS.

The “vaccinating/release” FRS person will requidOVSAO assistance Mon-Friday, for some
part of every day. There will be no weekend dutig&his will probably equate to roughly 50% of a
TAO or SAO staff members time. Data capture wil Wia portable IT units, and these will be
operated by DAFF staff, so the DAFF resource véllscheduled to work with the FRS person on each
of the mornings, Tues to Friday.

Usables

Prior to vaccination, badgers will be captured, estizetised and tagged with an electronic
tag/implant and tattooed.

Electronic tags cost circa €7 each andraader is circa €200. The expected usage for Co.
Monaghan is 60-80 badgers in year 1 and 30-40 iaddlt new badgers to the population each
subsequent year.

Vaccinecirca €10 per badger vaccinated.

Hardware for paperless data recording circa and scannegrehic tags €6,000 per site.
Software for project will cost circa €4000 per site.

Anaesthetic, blood tubes, swabs glovesc circa €10 per badger.

Analytical resources to evaluate the outcome of the triBlgta storage and management will be
undertaken by Paul White, VI, Monaghan/CVERA. Gpiens manager will be James O’Keeffe and
Scientific manager/study design will be Dr. Waynarhh. These resources will be redirected and
roughly cost neutral.

Estimated additional Total costs

The estimated additional costs of carrying out ecivation/release program over and above a
capture/culling program are:
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FRS resources: The vaccination release prograrmwilinvolve any additional FRS
costs.

DAFM Technical resources 0.5 of a SAO/TAOs timel Wi required, but this resource may be
available from within staff numbers currently aahile within DAFF.

Field VI 0.3 of a Vis time will be required to arséieetise, vaccinate and take
samples from target badgers. This resource magvheable from
within existing DAFM resources.DAFM T/S An averaA0O/SAO
costs €6-8K per annum and the extra fieldwork thiltaccompany
vaccination may add 25% to this cost. Pro ratatiadel costs will
be incurred by the attending VI also. Thus the tialthl T&S cost
per site will be in the order of € 5,000 per annum.

Hard/Software Estimated to be in the region of €p@Ksite

Analytical costs Messer's Martin, O’Keeffe and Whitare involved in ongoing
analysis, so their involvement will not incur adiolital costs.

Badgers Vaccination and release will result in saoss, previously outlined,
as badgers will be tagged electronically, tattooeaf;cinated and
samples. These costs totally will come to circ® §#®r badger
(Vaccinel0+Tag7+Anaesthetic/sampling10)

Savings will accrue in that captured badgers gllreleased and not
culled, saving costs of transport to IEC, Kill, G¢ildare and the

costs of processes there. Currently, transpottagigers including

processing costs at Kill run to €40 per badger.

Overall the badger costs will be neutral or evessibly a small
saving.

Total additional costs per site, will be in the iggof €20K ( €10K hardware/software, €5K
additional T/S for DAFM staff and €5K sundries).

In Conclusion.

The first study site will be Co. Longford, wherestloperating protocols will be worked and
thoroughly field-tested. When all the procedurasehbeen satisfactorily worked out, the study will
be expanded to include other sites (Monaghan amgefary initially, elsewhere thereafter).

An outcome to this research can be reasonably egbedathin 5 years of commencing the work.
The outcome will be either the hypothesis is aapt rejected.

The critical operational challenge will be to emsdhat the programme management and test
interpretation is completely uniform between herois vaccine/release areas and herds in
capture/removal areas. This will require thateyst are in place that

e ensure testing standards are uniform
e ensure management of restricted herds is uniform
e ensure similar criteria are applied to deeming siamdard readings reactor

This can only be guaranteed by imposing a layemahagement, beginning with a nominated
VI(s) whose primary focus and specific remit isetesure the necessary standardisation is in plade, a
is being implemented on a herd by herd basis aatl ghotocols are in place that will result a
transparent, accountable and effectively managedegs. This will require the redeployment of VI
resources within offices servicing the trial.
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APPENDIX J—CALCULATION OF WILDLIFE ADMINISTRATION UNIT TREATED LAND AREAS,
VETERINARY SCIENCES CENTRE OF UNIVERSITY COLLEGE DUBLIN

CV.E.RA.

U.C.D. Veterinary Sciences Centre,

U.C.D. School of Veterinary Medicine,
University College Dublin, Belfield, Dublin 4.
Ireland.

T +353 (0)1 716 6143

F +353 (0)1 716 6147

Summary

The Centre for Veterinary Epidemiology and Risk Ksi (CVERA), University College Dublin
(UCD), calculates the area of land under Wildlifdndinistration Unit (WAU) capture on a twice
yearly basis. A Geographical Information SysteniS)ds used to calculate the area under capture.
All badger setts assigned for capture are buffesedcircular distance of 500 metres. Calculatedsr
are cumulative from the start of the program in£200

Introduction

The Centre for Veterinary Epidemiology and Risk Kse (CVERA), University College Dublin
(UCD), monitor applications for badger removalsotigh the Department of Agriculture, Food and
the Marine’s (DAFM) tuberculosis eradication pragraAgreements between the Department of the
Environment, Community and Local Government’s NagloParks and Wildlife Service (NPWS) and
DAFM state that an annual County-based badger rahimence be granted once certain operational
guidelines are adhered to. Two of these guidelmesnonitored by CVERA. These are:

e ensure that capturing at setts can only occursaamties of no more than 2 kilometres from the
boundary of the eligible breakdown herd. In theeca$ setts classified as ‘main setts’, this
distance is reduced to 1.5km, and

» calculate the cumulative area of land that is ud@ture every 6 months.
Methodology

Using data gathered during previous projects, ahatetof assigning an accurate and robust
representation of area of under capture was foemllaExisting data recorded for the Four Area
Project (Griffinet al., 2005) and the East Offaly Project (Marghal, 1997 and O Mairtiret al,
1998) contained the location and sett classificafiar approximately 6,500 setts (Figure 1). The
locations of these study areas represent varyibgjdtaypes.

Figure 1. East Offaly and Four Area Badger Removadrea locations.
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Given the variation in landscape type and the nundfesetts available in this dataset, it was
considered that calculating a mean distance betw#anain setts in each area would give a value
indicative of what we would expect to find natidgallhis validated observed distance between main
setts would then form the basis for calculatingaanender removal.

To calculate the mean distances, all setts withénremoval and buffers areas of the study sites
were subjected to a Nearest Neighbour analysisréig).

The Average Nearest Neighbor ratio is given as:
Y D”
ANN = — ‘\l)
Dg

where .‘._I"o is the observed mean distance between each feature and their nearest neighbor:
B __1=1 '
Dy =——— (2)

and D g is the expected mean distance for the features given a random pattern:

D 0.5 3)
N ——— ,J‘
b yn/A

In the previous equations, «; equals the distance between feature ¢ and its nearest feature, n corre-
sponds to the total number of features and A is the total study area.

The = 4p7v-score for the statistic is calculated as:

Do — Dg
ZANN = —— 4
ANN SE (<)
where:
SE — 0.26136 s
U Jni/A )

Figure 2. Nearest neighbour ratio formula.

The nearest neighbourhood analysis (ArcGIS 10.0SRIE Redlands, California) calculates the
observed mean distance between points. It alsorgtsea ratio between this observed distance and
the expected distance (assuming random point pajtey give a score indicating if the point pattesrn
clustered, random or dispersed. When the studydsoies are used to refine the analysis it becomes
evident that badger main setts are dispersed aapfat from one another as is possible based on
geographical constraints. This is what we wouldeexpo see in a territorial animal. The variatian i
nearest neighbour distances between the diffene@isais substantial and represents the carrying
capacity of the land on badger population andidigtion (results in Appendix Il).

Generating a circle with a radius of half the distof the average nearest neighbourhood value
of main setts gives us an approximation of theitteral area of a social group. By averaging the
nearest neighbourhood distances of main setts dtbRour Area Project and East Offaly Project setts
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we achieve a crude estimate of the expected nesgagibourhood distance nationally (917 metres).
Halving this distance therefore gives us a judilBaradius to use as an estimate for calculating la
treated for each sett assigned to a WAU capturekbldditional measures are used to ensure that thi
is a conservative means of calculating area;

»  All setts assigned to an approved capture bloclassemed to be under capture regardless of that
block’s capture status, that is, even if a sett et no removals or restraints placed, it is still
included in calculating area treated. As of Jan2&32, of 29,884 setts assigned for capture (and
included in calculating area under capture) 11886 (40%) had no badger captured.

 All setts are buffered to 500 metres regardlesssett classification. This ensures that
misclassification of setts does not affect cal¢oiet of area treated.

In calculating overall treated areas overlap c&¥@ee merged to avoid over-counting of captured
land. The treated area figures are cumulative rommencement of WAU activities in 2004. Once a
sett is classified as ‘assigned’, the area 500 enatround that sett will always be considered to be
under capture whether or not capturing has takacepl

From an ecological viewpoint, a circle is not aeatrepresentation of a badger territory. A
preferential technique would be to buffer settsadsexagon, thus creating a division of land more
consistent with what is found in nature. If thisxagon were to completely contain a circle of 500
metres radius, the area would be approximatelyl@@ater than the circle. If the hexagon were
generated with a 500 metre radius, the area wqpdaimately 18% less than the circle.

Figure 3. Comparison of circles and hexagons for taulating area.

As this method of calculation is impractical at ational level, it is considered the circular
buffering method is a simple and robust way of fhimg a reliable estimate of land influenced by
badger removal.
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Appendix |

Sett Classification
@ Main Sett

¢ § @ Other Sett
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An example of the area associated a capture bioClounty Laois (3,973,967 square metres). The
callout numbers are the number of badgers caugtat®at each sett within the block. The red/black
buffer (500m) represents the area that is undeéuoap

Appendix Il
Co. Kilkenny Nearest Neighbourhood Analysis.

Observed Mean Distance { Expected Mean Distance = 1.26
Z Score = b.31 standard dewviations
. .... . ... ...
.
* o ,*ll* « & | Dispersec

Significancelevel 001 005 010 RANDOM 010 005 001
Critical Values: [-2.58) [-196] [-165] [165] [196] (258

Clustered " .

There is less than 1% likelihood that this dispersed pattern
could be the result of random chance

Corrected by area:

Nearest Neighbor Observed Mean Distance = 87520375

Expected Mean Distance = 694.852325

Nearest Neighbor Ratio = 1.259314

Z Score = 6.314151 Standard Deviations



-43 - T-PVS/Files (2012) 33

Co. Cork Nearest Neighbourhood Analysis.

Observed kean Distance / Expected bdean Distance = 1.22
Z Score = 5.93 standard deviations

L]
Clugtered |8 = L] [ Dispetsec

Significance Level: 001 0.05 0,10 RANDOM 010 005 001
CiticalValues  [-2.58] [-198) [-165) (165] [136) (258)

There is less than 1% likelihood that this dispersed pattern
could be the result of random chance.

Corrected by area:
Nearest Neighbor Observed Mean Distance = 7490575

Expected Mean Distance = 615.357219
Nearest Neighbor Ratio = 1.217435
Z Score = 5.926641 Standard Deviations

Co. Donegal Nearest Neighbourhood Analysis.

Observed Mean Distance [ Expected Mean Distance =1.19
Z Score = 3.73 standard deviations

-
Clustered |3 » R | O Dispersec

SigrificanceLevel 001 005 010 RANDOM 010 005 001
Critical Values:  [-2.58] [-138) (-165) (165] [136) (2.58)

There is less than 1% likelihood that this dispersed pattern
could be the result of random chance

Corrected by area:

Nearest Neighbor Observed Mean Distance = 8632893

Expected Mean Distance = 727.000782

Nearest Neighbor Ratio = 1.188333

Z Score = 3.726921 Standard Deviations
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Co. Monaghan Nearest Neighbourhood Analysis.

Observed tean Distance / Expected tMean Distance = 1.63
Z Score = 14.66 standard deviations

Clustered LY . . . Dispersec

SignificanceLevel 001 005 010 RAMNDOM 010 005 001
Critoal Values:  [-268) (-195] (-165) (165] [196) (259

There is less than 1% likelihood that this dispersed pattern
could be the result of random chance.

Corrected by area:
Nearest Neighbor Observed Mean Distance = 10083810

Expected Mean Distance = 616.075066
Nearest Neighbor Ratio = 1.627741
Z Score = 14.659014 Standard Deviations

Co. Offaly Nearest Neighbourhood Analysis.

Observed Mean Distance / Expected bean Distance = 1.24
Z Bcore = 7.04 standard deviations

Clusterad i . . s, Digpersec

Signiicence Level 007  0.05 0.10 RANDOM 010 005 001
CrivicalValies:  [-2.58] [-135) [-1E5) (165] [136) (258

There is less than 1% likelihood that this dispersed pattern
could be the result of random chance

Corrected by area:

Nearest Neighbor Observed Mean Distance = 10982090

Expected Mean Distance = 882.337042

Nearest Neighbor Ratio = 1.239084

Z Score = 7.041354 Standard Deviations



