- ﬂ'm;"‘";

Animal &
Plant Health
Agency

A descriptive analysis of the effect of badger vaccination on the
incidence of bovine tuberculosis in cattle within the Badger
Vaccine Deployment Project area, using observational data

Funded under Defra project SE3131

Authors: Heather O’Connor & Dr Lucy Brunton
Data preparation: Alison Prosser & Stuart Ashfield
APHA reviewers: Dr Jessica Parry, Dr Jane Gibbens, Prof. Dirk Pfeiffer & Prof. Glyn Hewinson

External reviewer: Prof. Christl Donnelly, Imperial College London

page 1



Table of Contents

EXECUTIVE SUIMIIVIARY ....couttuieenerennreenerennerescressessscsessssssssssssssssssssessssssssessssssnsesssssssssssssssnsesassesssssassssnsssassssnsssassesnsessnsesnssssnsenns 3
INTRODUCGTION.....ccuitteiieeerenceeenerenseeencrenesnscressssssesssssssssssssssssssssssssssssssessssssssesssssssssssssssnssssssesssssessesssssassssnsssassesnsessssesnsssansesns 5
IVIETHONDS .....cciieeeiiiennetttnneeteenseetensseesenssessenssessenssssssnssesssnssesssnssssssnssesssnssesssnsssssnnsssssnnssssssnsssessnnsssssnsssessnnsssssnnssessnsssssansssssannane 6
V/ACCINATION DEPLOYMENT 4vvvuuvuusssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssnssnnne 6
COMPARISON AREA SELECTION 11vvvttvererrrreereereeseerersesesrsesesssssessssssssssssssssssssssssssssssssssssesssssssssssesssssssssesesssesssesesssesereressrereressresssesererereren 6
ST ATISTICAL ANALYSIS. 1ttt eeeeerersuueeeeeereressneaeseessesssanaeeessssssssnntesessesssssnnsesessssssssnnsesessssssssnssesssssssssnnesessssssssnneeeessssssssnaseeesssssssnnneeeesseses 6
RESULTS .. iiiieiiinerteneteneeeenereneenseressesesesessssssesessesssssessssnsssssssssssssssesssssssssssssssnsssassessssssssesnsessssesssssassesnsssassesnsssansesnsesassesnsesnnsenns 8
VACCINATION COVERAGE ...vvvvuuueeeeereetttuaeeeeesesstuaaeeesssessnsnaaesessssssssnesessssssssssnsesssssssssnesessssssssnnsesessssssssnnsesesssssssssneesesssssssnnneesessssssnnns 8
SUITABILITY OF COMPARISON AREAS .....evvutuuuieeeeerersuuneaeeesssssssunatesessssssssnsesessssssssnesesesssssssnesesssssssssseeessssssssnaeeesssssstsraeeeessssssssnneeeesseses 8
INCIDENCE RATE PER 100 HERD YEARS AT RISK.uuuuuuuuuunriesesesesesesesesesesesesesesesssssesssesssesesesssssssssesesesesssesesesesesesesesssesssesesssssesesesssesessseseses 10
DISCUSSION .....ceeeiiitteniirtenniereenseereenseerensseersnssesssnssesssnssesssnssssssnssesssnssssssnssssssnsssssenssssssnsssssanssessanssssannssessnnssessnnssessnnssessnnssssanas 14
REFERENGES.....cccuiittteiirtenniereenseereenseerensseerenssesssnssesssnssessenssesssnssesssnssesssnsssssanssssssnssesssnssssssnsssssanssssenssssssnnssesennssesennssessnnssssanne 16
APPENDIX 1: SECONDARY OUTCOME IMEASURES .......ceuuiiitteneitennertennertenssessenssessenssessenssssssnssesssnssessenssssssnssssssnsssssanssssssnnsns 18
HERD BTB PREVALENCE ..evvvvuuueeeerereruueaeeeeereesssneeeeesssssssnnsesessssssssnssesesssssssmnsessssssssssnesesssssssssnsesessssssssnnsesessssssssnseeeessssssnsnseesessesssnnns 18
HERD BTB INCIDENCE ....eevtttuuueeeeereretuueieeeesressssneeeeesssssssnneeessssssssnssesesssssssnnnsessssssssssnesesssssssssnnesessssssssnnseeessssssssnseesessssssnnnseessssessnnnns 18
INUNMBER OF REACTORS ...evttvuuueeeeerereruntieeeeeressssnaeeessssssssnsesessssssssnnsessssssssssnesessssssssssnesesssssssssnesessssssssnsesesssssssseeeeessssssnnseeesssesssnnns 19
DURATION OF RESTRICTIONS «.uuuuuuutuuunennnnnnnennnnnennnnnnssesasesesesesssesssasesasasesesssssssssesssesesesesssesssesssssesssssesesesesesssesssssssesessssseseseseseseseseseses 19
HERD INCIDENT DETECTION 1uuuuuuuuunununnnnnnnnnennnnnnnnnnsnsnsnesesesesesssesssasesesasesesssssesssssesesesesesssssesssssesesssssssesesesesssesesssssesesssesessseseseseseseseses 20
RECURRENCE .ttt e se e s e s e s s e e s sssnsnsssnssasasesasasssasesasasasasaseseseseseseseseseseseseseseseseeneneeenenseens 21
APPENDIX 2: ADDITIONAL DATA ... tteuierttteertenerertenssertenssessenssessenssesssnssesssnssssssnssssssnssssssnsssssssssssssnsssssansssssanssssssnsssssansssssanssns 22
APPENDIX 3: ABBREVIATIONS AND DEFINITIONS.......ccccciiittmniiiiennieniennsesienssesssnssssssnssssssnsssssssssssssnssssssnsssssanssssssnsssssanssssssnssns 28

page 2



Executive summary

Purpose of the report

The Badger Vaccine Deployment Project (BVDP) was initiated in July 2009 to provide the first use of a
vaccine for bovine tuberculosis (bTB) in badgers outside of research trials and to develop practical
knowledge on the processes involved. The BVDP study area covered 100 km? in Stroud,
Gloucestershire with deployment of BadgerBCG within this area taking place annually between 6" July
2010 and 24" October 2014. The purpose to this report is to provide a descriptive analysis of the effect
of badger vaccination on the incidence of bTB in cattle within the BVDP area using observational data.
There were two objectives to this report. Firstly, to assess whether it is possible to identify geographical
areas with a similar risk of bTB to the BVDP area that have not been subject to badger vaccination.
Secondly, to test the hypothesis that vaccination deployment had an effect on the incidence of bTB in
cattle in the BVDP area and its buffer through comparing trends in incidence in these areas to trends in
matched comparison areas where no vaccination had occurred.

Methodology

A methodology for analysing the effect of badger culling on the incidence of bTB in cattle has been
developed as part of the Defra funded project SE3131. This methodology was applied to the BVDP area
to select matched comparison areas and enable an analysis of the impact of badger vaccination on bTB
incidence in cattle over the five years of deployment. To test the hypothesis that vaccination deployment
had an effect on the incidence of bTB in cattle the primary outcome measure was herd incidence rate
calculated as the annual number of new Officially Tuberculosis Free status — Withdrawn (OTF-W)
incidents per 100 herd years at risk. Several secondary outcome measures related to bTB in cattle were
also explored and are presented in an Appendix to this report.

Results

The selected comparison areas were found to be similar based on the criteria used to select them and
on testing history. When trends were assessed across the five years of vaccine deployment in the BVDP
area, a significantly decreasing trend in OTF-W incidence rate was observed in the BVDP area and three
of the comparison areas, and a significantly increasing trend was observed in one of the comparison
areas. The incidence trends in the buffer areas reflected the trends in the central areas, except for one of
the comparison areas with a decreasing trend in the central area where there was no significant trend in
its buffer area. The secondary outcome measures explored showed no apparent differences between
the BVDP area and comparison areas.

Interpretation

Vaccination and industry-led culling of badgers are interventions that have been implemented as part of
bTB control policies rather than scientific studies. This means they lack the randomisation, control and
replication that would occur in a scientific study to test the impact of an intervention. Nonetheless, it is
useful to examine cattle bTB incidence in areas subject to these interventions in case lessons can be
learnt that can inform the policies. The attributes used for matching areas were selected based on
existing knowledge of the factors which may influence bTB incidence in cattle. It is likely that there will be
differences between the drivers of bTB in the different areas that have not been measured, and bias may
have been introduced into the analysis by not accounting for these drivers.

Vaccination was not deployed uniformly across the BVDP area. The level of vaccination coverage
achieved was estimated to be at least 82% of the area. This heterogeneity in area coverage was realistic
and although this was representative of a real-world vaccination programme, it is likely that the level of
vaccine deployment achieved was higher than would be expected for other badger vaccination
programmes in the field as the BVDP was conducted under optimal conditions.

Although there are no known biological reasons and no current evidence-base to suspect badger
vaccination causes social perturbation, bTB incidence in cattle in a buffer area around the BVDP, where
perturbation would be expected to be observable, was assessed. The data presented in this report do
not provide any evidence of an increase in cattle bTB incidence in this area surrounding the BVDP.
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However, the lack of an observed effect should be interpreted carefully in light of the limitations to this
study design and the lack of power associated with having only a single intervention area.

Conclusions

The results of this analysis suggest that badger vaccination had no effect on cattle bTB incidence, as
demonstrated by the decrease in OTF-W incidence rate in both the BVDP area and the comparison
areas since the start of the BVDP. Although these results offer initial information on the situation, the
effects reported need to be interpreted cautiously due to the limitations and potential bias and the lack of
power associated with having only a single intervention area.
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Introduction

The Badger Vaccine Deployment Project (BVDP) was initiated in July 2009. The project was intended to
provide the first use of a vaccine for bovine tuberculosis (bTB) in badgers outside of research trials and
to offer information on the practicalities of the dissemination of badger vaccination. The BVDP study area
covered 100 km? in Stroud, Gloucestershire with deployment of BadgerBCG within this area
commencing on 6™ July 2010 and final vaccinations carried out on 24™ October 2014.

There are two objectives to this report:

1. To assess whether it is possible to identify geographical areas which have a similar risk of bTB to
the BVDP area but have not been subject to badger vaccination. This will allow us to determine
whether it is possible to attempt an analysis of the effect of badger vaccination.

2. To test the hypothesis that vaccination deployment had an effect on the incidence of bTB in cattle
in the BVDP area and its buffer area through comparing trends in incidence in these areas to
trends in the matched unvaccinated areas.

Potential impacts of vaccination on the area surrounding the BVDP area are also of interest as culling of
badgers has been shown to disrupt badger social structures leading to perturbation in surrounding areas,
which could affect the rate of contact between cattle and badgers (Woodroffe et al 2006). This analysis
will also lay the foundations for future analysis of areas that have been exposed to badger vaccination.

A methodology for analysing the effect of badger culling on the incidence of bTB in cattle through
selection of matched comparison areas where no culling has taken place has been developed as part of
the Defra funded project SE3131. This methodology has been applied to the BVDP area to select
matched comparison areas and enable an analysis of the impact of badger vaccination on bTB incidence
in cattle in the intervention area over the five years of deployment.

This analysis is based on the following assumptions:
1. That the local badger population is infected with bTB

2. That the presence of an infected badger population is an important explanatory factor for the
level of bTB in the associated cattle population

3. That the methods used to assess industry-led badger culling in England and Wales, which
were designed to detect comparable effects on cattle bTB to those observed during the
Randomised Badger Culling Trial (RBCT), can also be used to assess the effect of badger
vaccination on cattle bTB

4. That the case definition of Officially Tuberculosis Free status — Withdrawn (OTF-W) herds
throughout the reporting period is comparable to the definition of a confirmed breakdown
used during the RBCT

It is important to remember that this is a descriptive analysis, and that it is unlikely that any significant
changes will be observed. Any analysis of the effect of vaccination is limited by the retrospective and
non-randomised selection of comparison areas. In addition, the BVDP was only conducted in one
intervention area so it is anticipated that there is the potential for selection bias and that there will be
insufficient power to detect the effects of vaccination on cattle incidence in the area. The limitations of
the analysis are discussed later in this report.
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Methods

Vaccination deployment

The BVDP area encompassed 100 km? and was subdivided into zones of approximately 20 km?
Vaccine was deployed across these zones on a rolling schedule over the field season (July —
November), annually from 2010 to 2014 inclusive. Full details of the vaccine deployment are available in
the Badger Vaccine Deployment Project final report to Defra (APHA 2015a).

Comparison area selection

The selection of areas to serve as comparisons for the BVDP area followed the same methodology as
developed for the assessment of the effect of badger culling on cattle bTB incidence in Somerset and
Gloucestershire in 2013-14 (APHA 2015b). Comparison areas were matched to the BVDP area on
attributes that affect bTB incidence in an attempt to control for factors that affect TB risk, that occur for
reasons un-related to badger vaccination and that may bias the analysis of temporal changes in TB
incidence. They were selected from within the high risk area of England and could not be within 3 km of
the BVDP area. The attributes used for the matching were:

Number of OTF-W incidents in three years prior to the start of vaccination
Number of OTF-W incidents in one year prior to the start of vaccination
Median herd size

Number of herds in existence at the start of vaccination

Distance between boundaries of the comparison area and BVDP area
Proportion of RBCT proactive area land within a potential comparison area

ogakrwnE

The distribution of each attribute was summarised as a decile. The absolute difference between the
decile to which the BVDP area belonged and the decile to which each potential comparison area
belonged was calculated for each attribute. A score based on the sum of the absolute differences for
each of the attributes was used to rank potential comparison areas, with areas having the smallest
summed difference ranked highest. The four highest ranked comparison areas were selected. The 1:4
ratio of intervention to comparison areas was designed to increase the power to detect any differences in
cattle bTB incidence between the areas (Grimes and Schulz 2005).

The methodologies for the ranking of areas and the manual selection of highest ranking areas were
conducted by two members of the project team independently and differences in outputs investigated
and procedures corrected. Following selection, summary attributes for the comparison areas were
compared with the BVDP area to assess how well they were matched.

Statistical analysis

Exploration of data relating to bTB in cattle was performed for the BVDP area, the four comparison areas
and their associated buffer areas. Data have been described for each of the five years in which badger
vaccination was carried out in the BVDP and for the three years prior to its commencement; the reporting
periods presented in the report and the dates which they refer to are shown in Table 1.

Table 1 — Start and end dates for each of the reporting periods used to assess cattle bTB in the BVDP area.

Reporting period Description Start date End date

3 years prior The year which began three years prior to the BVDP 06/07/2007 05/07/2008
2 years prior The year which began two years prior to the BVDP 06/07/2008 05/07/2009
1 year prior The year which began one year prior to the BVDP 06/07/2009 05/07/2010
Year 1 The first year of the BVDP 06/07/2010 05/07/2011
Year 2 The second year of the BVDP 06/07/2011 05/07/2012
Year 3 The third year of the BVDP 06/07/2012 05/07/2013
Year 4 The fourth year of the BVDP 06/07/2013 05/07/2014
Year 5 The fifth, and final, year of the BVDP 06/07/2014 05/07/2015*

*Vaccination ended on 24™ October 2014
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The primary outcome measure for bTB in cattle was herd incidence rate calculated as the annual
number of new OTF-W incidents per 100 herd-years at risk (Table 2). Trends in OTF-W incidence rates
in the BVDP area and comparison areas were primarily assessed by plotting OTF-W incidence rate
against reporting period for both the central and buffer areas. The significance of the trends was tested
using Poisson regression models to describe the association between reporting year and OTF-W
incidence, with adjustment for time at risk. For the regression models, a significance level of 0.05 was
assumed, such that the null hypothesis of no trend in OTF-W incidence rate was rejected if the p-value
for the incidence rate ratio (IRR) for OTF-W incidence and reporting year was less than 0.05.

OTF-W incidence was used as the primary outcome rather than total bTB incidence because this
analysis was based on the assumption that we would be able to detect comparable effects on cattle bTB
to those observed during the RBCT, and the RBCT only showed an association between OTF-W
incidence and culling (Independent Scientific Group, 2007).

Additionally, a number of secondary outcome measures related to bTB in cattle were also explored and
described for the BVDP area, comparison and buffer areas. For ease of interpretation of the secondary
measures, the data relating to the four comparison areas were aggregated. These are summarised in
Table 2 and are presented in Appendix 1.

Table 2 — Measures used to describe bTB frequency in cattle herds located in the BVDP area, comparison areas
and their buffers.

Measure Detail

Primary outcome measure
Herd bTB incidence rate The annual number of new OTF-W herd bTB incidents per 100 herd years at risk*
Secondary outcome measures

The number of herds under movement restrictions (at a single time-point) due to an OTF-W

Herd bTB prevalence incident per 100 herds

Herd bTB incidence The annual number of new OTF-W incidents per 100 unofficially sensitive herds tested

Number of reactors The median number of reactors to the Single Intradermal Comparative Cervical Test (SICCT) or
Interferon-gamma (IFN-v) test per bTB incident that ended in the reporting period

Duration of restrictions The median duration of OTF-W incidents that ended in the reporting period and the proportion of

herds which remained under bTB restriction for longer than 550 days

Herd bTB incident The annual proportion of new OTF-W incidents first detected at slaughterhouse compared to the

detection proportion of those detected by SICCT

Herds which experienced a bTB incident in the reporting period and had a history of bTB in the
previous three years compared to herds which experienced a bTB incident in the reporting period
and did not have a history of bTB in the previous three years

Recurrent herd bTB
incidents

! “Time at risk’ is calculated for each herd at each test or bTB incident as the time spent not under restriction since the previous
clear herd-level test. If a herd is not tested in a given year, it does not contribute towards incidence rate calculations. Time at
risk is calculated as days at risk, and then converted to years at risk.
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Results

Vaccination coverage

Over the four years and three months of vaccine deployment a total of 3,802 doses of BadgerBCG were
administered within the BVDP. The number of badgers vaccinated per year of the project ranged from
541 in Year 1 to 998 in Year 3, with 801 badgers vaccinated in the final year of deployment.

BadgerBCG was not deployed uniformly across the BVDP area, mostly due to variations in badger
presence and density relating to suitability of habitat. In addition to the underlying heterogeneity in
badger density, some land within the project boundaries did not have land access granted. Remote
trapping was carried out at the boundary of such land, in order to catch badgers moving across the
boundary.

Coverage of the vaccination was estimated using the area of the premises vaccinated. This ranged
between 82% of the total area in Year 1 and 95% in Year 3 with a mean coverage of 88% across the five
years. However, this measure of coverage is not perfect and will be influenced by a number of factors
including lack of badger activity on the premises vaccinated, unsuccessful trapping efforts, and remote
vaccination of badgers on land where access was not granted.

Suitability of comparison areas

The four highest ranked comparison areas were similar to the BVDP area in terms of the ranking
attributes (Table 3) and are presented in Figure 1. In addition to the attributes used in the ranking, the
testing history of the herds in the different areas was assessed in terms of the number of quarters (i.e. 3
month periods) in which herds were under an annual testing regime. There were 36 quarters in the 9
calendar years from 2007 to 2015, so a herd that was on an annual testing regime for all the calendar
years spanning the reporting periods would have spent 36 quarters on annual testing. As shown in Table
4, all herds in the BVDP area were on annual testing for the entire reporting period. The proportion of
herds on annual testing was also very high across the comparison areas, although comparison area 3
had a slightly lower proportion of herds on annual testing compared to the other areas.

Table 3 — Distribution of attributes used in ranking across BVDP area and matched comparison areas.

No.of Median OTF-W incidents RBCT  Distance to
herds at “herd prior to baseline proactive intervention
size at date area area

start of start of

BVDP BVDP
BVDP area 197 109 28 99 0 -
Comparison area 1 179 87 26 74 0 378.0
Comparison area 2 159 107 26 64 0 125.7
Comparison area 3 193 113 18 46 0 328.1
Comparison area 4 127 108 17 55 1.5 175.5

Table 4 — Time (quarters) that herds were subject to an annual testing regime.

Time (quarters) herds spent
on an annual testing regime

% of years spanning

N reporting period
BVDP area 36 100
Comparison area 1 35.9 99.7
Comparison area 2 36 100
Comparison area 3 34.8 96.6
Comparison area 4 35.9 99.6
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O BVDP Comparison Areas

‘ BVDP Area

E High Incidence Area inc. edge
All bTB incidents/km?

[Jo-0.006

[ 0.007 -0.025
[ 0.026 - 0.057
I 0.058 - 0.004
B 0.095 - 0.222

Figure 1 — Location of the BVDP area and the 4 matched comparison areas across a map of smoothed bTB herd
incidence in the high incidence area of England, 2014.

The population of herds at the baseline date (start of Year 1) is described in Table 5. The total number of
herds across all four comparison areas is given along with the median number of herds.

Table 5 — Number of herds in the BVDP and its comparison areas, and their associated buffers, at the baseline
date.

Number of herds at baseline date

Central area Buffer area
BVDP area 197 135
Comparison area 1 179 159
Comparison area 2 159 99
Comparison area 3 193 181
Comparison area 4 127 91
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Incidence rate per 100 herd years at risk

OTF-W incidence rates were calculated for each of the three years prior to vaccination implementation
and for each of the five years following implementation. Trends in OTF-W incidence rate over time for
the central areas of the BVDP area and comparison areas are presented in Figure 2. The results of the
Poisson regressions to test the association between reporting year and OTF-W incidence rate in each
area and their buffers, with adjustment for time at risk, are presented in Tables 6 and 7 respectively.

When analysing trends in OTF-W incidence rate across all reporting periods there was a significant
decrease in incidence over time in both the BVDP area and its buffer after adjusting for time at risk.
Significant trends were observed for the central area of comparison area 1 which saw a decrease in
incidence rate over time and in the central and buffer area of comparison area 3, where the trends
increased over time. No significant trends were observed in comparison areas 2 and 4. Across all areas,
the incidence rate ratios (IRRs) obtained were very close to 1, which indicates that the trends in
incidence rate were very slight (Appendix Table A3).
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Reporting period

Figure 2 — Trends in OTF-W incidence per 100 herd years at risk over time in the central areas of the BVDP area
and the comparison areas (dashed lines indicate the start of vaccination).
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Table 6 — Poisson regression analysis of the association between reporting year and OTF-W incidence rate for
each central area, with adjustment for time at risk.

95% confidence

Area Variable IRR* : 1 P-value
interval

BVDP Reporting year 0.9998 0.9998 0.9999 0.002

100 herd years at risk 1.0003 0.9986 1.0020 0.746

. Reporting year 0.9998 0.9995 1.0000 0.024
Comparison area 1 .

100 herd years at risk 1.0007 0.9984 1.0030 0.535

. Reporting year 0.9999 0.9998 1.0000 0.175
Comparison area 2 .

100 herd years at risk 0.9989 0.9963 1.0016 0.428

. Reporting year 1.0004 1.0002 1.0006 <0.001
Comparison area 3 .

100 herd years at risk 0.9969 0.9936 1.0002 0.062

. Reporting year 1.0000 0.9999 1.0001 0.695
Comparison area 4 .

100 herd years at risk 1.0031 1.0009 1.0054 0.007

! Values were very close to 1, so are presented to four decimal places to distinguish between increased and decreased IRRs

Table 7 — Poisson regression analysis of the association between reporting year and OTF-W incidence rate for
each buffer area, with adjustment for time at risk.

95% confidence

Area Variable IRR : 1 P-value
interval

BVDP Reporting year 0.9998 0.9998 0.9999 0.001

100 herd years at risk 0.9987 0.9955 1.0020 0.438

. Reporting year 0.9998 0.9997 1.0000 0.087
Comparison area 1 .

100 herd years at risk 1.0004 0.9980 1.0029 0.742

. Reporting year 0.9999 0.9998 1.0001 0.575
Comparison area 2 .

100 herd years at risk 0.9924 0.9860 0.9988 0.019

. Reporting year 1.0003 1.0001 1.0005 0.004
Comparison area 3 .

100 herd years at risk 1.0008 0.9987 1.0029 0.445

) Reporting year 1.0001 0.9999 1.0003 0.371
Comparison area 4 .

100 herd years at risk 1.0027 0.9965 1.0090 0.392

! Values were very close to 1, so are presented to four decimal places to distinguish between increased and decreased IRRs
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Trends in OTF-W incidence rates from the start of vaccination in 2010 (i.e. removing the effect of
incidence prior to vaccination) were also assessed. When incidence rate prior to vaccination was
removed from the assessment of trends by only analysing the reporting years 1-5, a significant decrease
in incidence over time was still observed in the both the BVDP area and its buffer after adjusting for time
at risk. However, a significant decrease in incidence over time was observed in more of the comparison
areas and their buffers than when all eight reporting periods were considered (Figure 3, Tables 8 and 9).
This suggests that the lack of a significant trend in OTF-W incidence rate in comparison areas 2 and 4
when all reporting periods were assessed was due to the lack of change in OTF-W incidence rate prior
to vaccination.

BVDP Comparison 1 Comparison 2

/
I

5

01jul2010 4
01jul2011 4
01jul2012
01jul2013
01jul2014

Comparison 3 Comparison 4

10 15 20 25

OTF-W incidence per 100 herd years at risk
5

01jui2010 -
01jul2011 -
01jul2012 -
01jul2013

01jul2014 -
01jut2010

01jui2011 -
01jui2012

01jul2013 -
01jui2014 -

Reporting period

Figure 3 — Trends in OTF-W incidence per 100 herd years at risk over time since vaccination in the central areas of
the BVDP area and the comparison areas.
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Table 8 — Poisson regression analysis of the association between reporting year and OTF-W incidence rate since
vaccination for each central area, with adjustment for time at risk.

. .
Area Variable IRR? 95% confidence P-value
interval

BVDP Reporting year 0.9997 0.9995 0.9999 0.001

100 herd years at risk 1.0002 0.9991 1.0012 0.751

. Reporting year 0.9993 0.9987 0.9999 0.031
Comparison area 1 .

100 herd years at risk 1.0027 0.9982 1.0072 0.239

. Reporting year 0.9997 0.9996 0.9997 <0.001
Comparison area 2 .

100 herd years at risk 0.9998 0.9989 1.0008 0.740

. Reporting year 1.0006 1.0004 1.0009 <0.001
Comparison area 3 .

100 herd years at risk 0.9955 0.9926 0.9983 0.002

. Reporting year 0.9997 0.9995 0.9999 <0.001
Comparison area 4 .

100 herd years at risk 1.0054 1.0025 1.0083 <0.001

! Values were very close to 1, so are presented to four decimal places to distinguish between increased and decreased IRRs

Table 9 — Poisson regression analysis of the association between reporting year and OTF-W incidence rate since
vaccination for each buffer area, with adjustment for time at risk.

. ]
Buffer area Variable IRR? 95% confidence P-value
interval

BVDP Reporting year 0.9996 0.9994 0.9997 <0.001

100 herd years at risk 1.0007 0.9976 1.0039 0.645

. Reporting year 0.9996 0.9992 0.9999 0.015
Comparison area 1 .

100 herd years at risk 1.0018 0.9981 1.0055 0.353

. Reporting year 0.9996 0.9993 0.9999 0.022
Comparison area 2 .

100 herd years at risk 0.9932 0.9870 0.9993 0.030

. Reporting year 1.0004 1.0003 1.0005 <0.001
Comparison area 3 .

100 herd years at risk 0.9999 0.9984 1.0014 0.919

Comparison area 4 Reporting year 1.0000 0.9996 1.0005 0.959

100 herd years at risk 1.0040 0.9948 1.0133 0.397

! Values were very close to 1, so are presented to four decimal places to distinguish between increased and decreased IRRs
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Discussion

The Badger Vaccine Deployment Project (BVDP) was established to investigate the practicalities of
vaccinating badgers using the injectable vaccine BadgerBCG and was not tasked with assessing the
efficacy of the vaccine in relation to onwards spread to cattle. Due to the aims of the project and initial
constraints, the BVDP area was selected purposively and there was no simultaneous selection of
comparison areas.

The BVDP and the industry-led badger culling which began in England in 2013 are interventions that
have been implemented as part of bTB control policies rather than scientific studies. This means that
they lack randomisation and selection of controls and have limited or no replication, all of which would
occur in a scientific study to test the impact of an intervention. Nonetheless, it is still useful to examine
cattle bTB incidence in the areas subject to these interventions in case lessons can be learnt that can
inform the policies. To enable an assessment of cattle bTB incidence following industry-led badger
culling, a standardised method for selecting areas closely matched to the intervention areas in terms of
factors that affect bTB risk was developed. This method has been applied to the BVDP area.

The first aim of this report was to assess whether it would be possible to identify geographical areas that
have a similar risk of bTB to the BVDP area but have not been subject to badger vaccination. The
comparison areas were selected based on their similarity to the BVDP area in relation to the attributes
chosen for the ranking. These attributes were selected based on existing knowledge of the factors that
may influence bTB incidence in cattle, but will not account for all of the drivers of bTB incidence. It is
likely that there will be differences between the drivers of bTB in the different areas that have not been
measured, and bias may have been introduced into the analysis by not accounting for these drivers. In a
randomised controlled trial, the variation between areas due to unknown drivers of spread would be
accounted for by the randomisation and sampling of multiple areas. However, as discussed above this is
not possible when reviewing the impact of a currently existing policy. The comparison areas appeared to
be well matched on the ranking criteria and testing history. It was concluded that these areas were the
best comparison areas available with which to analyse the impact of badger vaccination on cattle bTB
incidence in the BVDP area.

The second aim of the report was to use the selected comparison areas to analyse the impact of the
vaccination intervention, and the remainder of this discussion focuses on the results of this analysis.
Incidence in the BVDP area appeared to decrease throughout the reporting period, something that was
only observed in one comparison area when all eight reporting years were considered. A decrease in
incidence rate was observed in both the BVDP area and three of the comparison areas when trends
were assessed from the start of vaccination only, i.e. excluding the three years prior. This suggests that
the differences between the areas prior to vaccination were affecting the overall trends observed. As
discussed above, there are likely to be many drivers of bTB, which differ between areas, and it is not
possible to account for all of these within the methodology for matching areas. However, as part of
further refinement to the methodology for selecting comparison areas, historical incidence rate could be
considered as an alternative ranking criterion to the historical number of incidents. It may also be worth
considering production system characteristics of herds.

One concern relating to the potential impacts of badger vaccination on cattle bTB incidence is that a
detrimental effect (e.g. an increase in incidence) might be observed in the area surrounding the
intervention area due to the perturbation of badgers. Perturbation was observed during the RBCT where
the removal of animals due to culling led to disturbances to badger social groups and prompted
remaining badgers to roam over greater ranges (Woodroffe et al 2006). There are no known biological
reasons to suspect vaccination causes social perturbation and this has never been observed during
numerous badger studies. Nonetheless, to address any concerns, bTB incidence in cattle in the areas
surrounding the BVDP area was assessed. The data presented here do not provide any evidence of an
increase in cattle bTB incidence in the buffer area surrounding the BVDP area where such an effect of
perturbation may have been observed. However, the lack of an observed effect should be interpreted
carefully in light of the limitations to this study design and the lack of power associated with having only a
single intervention area.
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The level of BadgerBCG vaccination coverage achieved in the BVDP area as estimated using the area
of the premises where vaccination occurred was at least 82%. It is difficult to determine what level of
vaccination coverage would be expected to reduce the force of infection to the local cattle population.
The main evidence we have about the efficacy of badger controls in the field is the RBCT where a 70%
reduction in the badger population was achieved in areas where access was granted, which roughly
matched with the percentage of the area covered. This level of population reduction was found to reduce
bTB infection in cattle. Assuming that BadgerBCG vaccination would achieve a comparable reduction in
the force of infection from the infected badger population as observed during the RBCT, we might
conclude that an 82% area coverage was sufficient to reduce the force of infection; it is not known what
proportion of the population within this area was vaccinated. However, this is comparing two different
population dynamics (area coverage versus population reduction) and would need to be supported by
dynamic modelling. It is important to remember that the measure used to assess the coverage of
vaccination will be influenced by a number of factors including lack of badger activity on the premises
vaccinated, unsuccessful trapping efforts, and remote vaccination of badgers on land where access was
not granted.

Contact between badgers and cattle can occur directly (e.g. through nose-to-nose contact), or indirectly
(e.g. cattle grazing on a field, or consuming feed which has been contaminated by badgers). Studies
looking at badger-cattle interaction suggest that indirect contacts between the species were the most
frequent of these contacts (Drewe et al 2013; Woodroffe et al 2016) although direct contacts have been
shown to be non-negligible (Bohm et al 2009). Though the exact bTB transmission processes associated
with these contacts is not fully understood (B6hm et al 2009), programs targeted at controlling bTB in
cattle need to consider such contacts, to reduce their frequency or to reduce the potential for
transmission. Vaccination is a measure that has the potential to reduce the risk of transmission during
both direct and indirect contacts between badgers and cattle through reducing the levels of bTB within
the local badger population. However, badgers are known to interact with different social groups and it
has been demonstrated that bTB-infected badgers roam over wider ranges than uninfected animals,
spending longer away from their main sett (Weber et al 2013). The success of vaccination programs will
increase as the area and the level of compliance increase (Robinson et al 2012), covering as much of
the area as possible to account for these roaming behaviours.

BadgerBCG vaccination was not deployed uniformly across the BVDP owing to the heterogeneous
spread of badgers across this area due to the urban nature of some of the region. This heterogeneity in
area coverage was realistic and although this was representative of a real-world vaccination programme,
it is likely that the level of vaccine deployment achieved was higher than would be expected for other
badger vaccination programmes in the field as the BVDP was conducted under optimal conditions. In
addition to this, Chambers et al (2011) and Corner et al (2008) reported that BCG vaccination of badgers
in experimental settings did not offer complete protection against Mycobacterium bovis (the bacterium
which causes bTB) but did reduce the severity and progression of disease. As badger cubs do not leave
the main sett until around eight to twelve months of age, a reduction in prevalence of bTB in badger
populations is likely to require multiple revaccination programs to target these susceptible individuals,
and may be hindered should infection of young occur within the sett (Robinson et al 2012). As a result of
these factors a time lag in the impact of the intervention following deployment might be expected,
although a follow-up period of five years could be considered sufficient time to observe any effects. The
lack of complete protection could mean an increased delay in the observance of any effects of
vaccination. In addition to the time lag there is the issue of sample size. The single BVDP area
encompassed 100 km?; in comparison, there were 10 proactively culled areas in the RBCT constituting
1000 km?. It is likely that one area provides insufficient power to observe any effects of vaccination.

The factors discussed here make assessing the impact of badger vaccination on cattle bTB incidence
difficult and drawing firm conclusions from the data analysed here on the impacts of badger vaccination
inappropriate. The results of the analysis conducted on these data demonstrate a decrease in OTF-W
incidence rate since the implementation of badger vaccination in both the BVDP area and the
comparison areas, suggesting that the decreasing trend was not due to badger vaccination. Although
these results offer initial information on the situation, the effects reported need to be interpreted
cautiously due to the limitations and potential bias as discussed and the lack of power associated with
having only a single intervention area.
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Appendix 1: Secondary outcome measures

Herd bTB prevalence

The prevalence of OTF-W incidents per area and reporting period is presented in Appendix Figure A1. A
significant decreasing trend in the number of herds under restriction for an OTF-W incident was
observed in the BVDP buffer that was not seen in any other area (P=0.007 for association between
prevalence and reporting year using linear regression).
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Appendix Figure A1 — Temporal changes in the number of herds under restriction for an OTF-W incident, per 100
herds; dashed line indicates start of badger vaccination.

Herd bTB incidence

The incidence of OTF-W incidents per area and reporting period is presented in Appendix Figure A2.
The trends for this measure of incidence were similar to, albeit more stable than, the trends for
prevalence across all areas.
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Appendix Figure A2 — Temporal changes in OTF-W incidence per 100 unrestricted herds tested; dashed line
indicates start of badger vaccination.
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Number of reactors

The median numbers of reactors for OTF-W incidents in each area and time period, with interquartile
ranges, are presented in Appendix Figure A3. Very little difference was observed in the median number
of reactors per incident per area, prior to, or following the implementation of badger vaccination. The
interquartile ranges for the number of reactors were overlapping between the BVDP area, comparison
areas and their associated buffer areas.
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Appendix Figure A3 — The median number of reactors for OTF-W incidents; Interquartile range is shown.

Duration of restrictions

The median durations of OTF-W incidents, with interquartile ranges, are shown in Appendix Figure A4.
There was considerable overlap in the ranges of median duration of OTF-W incidents between areas.

The proportion of herds with an OTF-W incident lasting for more than 550 days fluctuated across all

areas and reporting periods due to the small number of incidents. There were no discernible trends in
the proportion of OTF-W incidents that lasted more than 550 days (raw data in Appendix Table A5).
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Appendix Figure A4 — The median duration of OTF-W incidents; interquartile range is shown.

Herd incident detection

The proportion of new OTF-W incidents first detected at slaughterhouse is shown in Appendix Figure A5.

Across all areas and reporting periods, the proportions of OTF-W incidents first detected at

slaughterhouse (all OTF-W by definition) fluctuated between years, due to the small numbers observed.

This was particularly apparent in the BVDP area buffer where there were always 25 or less OTF-W

incidents per year.
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Appendix Figure A5 — Proportion of OTF-W incidents first detected at slaughterhouse.
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Recurrence

Recurrence is described as the first bTB incident disclosed during the reporting period where the herd
was previously under restriction for bTB at any time in the three years (36 months) prior to the reporting
period. It is assessed by comparing the number and proportion of herds with a history of bTB in the
previous three years which went on to suffer an incident in the reporting period with the proportion of
herds without a history of bTB in the previous three years which went on to suffer an incident in the
reporting period. The risk of having a new bTB incident in the reporting period for herds which suffered a
bTB incident in the preceding 36 months compared to herds that had no history of any bTB incidents in
the preceding 36 months is shown in Appendix Figure A6. Across all areas and across all reporting
periods, the estimated risk was generally greater among herds with a history of bTB (as indicated by a
risk ratio greater than 1).
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Appendix Figure A6 — Risk ratio of herds suffering any new bTB incident in the reporting period which also suffered
a bTB incident in the preceding 36 months compared to herds suffering any new bTB incident in the reporting
period without any bTB incidents in the preceding 36 months; 95% confidence intervals are shown.

Note: the upper 95% confidence interval for Year 4 in the BVDP buffer was 16, but has not been shown to improve the clarity of
the figure.
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Appendix 2: Additional data

This appendix contains the raw data for the figures presented within the report. Data on the proportions
of incidents by different test types are also provided.

Appendix Table A1 — Number of herds under movement restrictions at the end of the reporting due to a bTB
incident, per 100 herds (for all incidents and for OTF-W incidents only). Raw data for Appendix Figure Al.

Reporting BVDP area BVDP buffer Comparison areas Comparison area buffers
period All bTB OTF-W All bTB OTF-W All bTB OTF-W All bTB
3 years prior 20.8 18.3 20.0 20.0 13.7 11.2 12.8 10.9
2 years prior 17.8 15.7 19.3 18.5 12.9 11.2 14.2 13.4
1 year prior 11.7 10.7 16.3 14.8 131 11.7 11.9 10.8
Year 1 19.8 18.8 19.3 18.5 13.2 114 13.2 12.3
Year 2 19.8 18.3 18.5 16.3 15.7 14.0 14.3 14.2
Year 3 14.7 13.7 15.6 15.6 12.3 11.6 11.9 11.3
Year 4 13.7 12.2 12.6 119 10.5 9.9 11.9 10.6
Year 5 15.7 13.2 13.3 12.6 12.3 10.0 11.3 9.4

Appendix Table A2 — The annual number of new bTB incidents per 100 unrestricted herds tested (for all incidents
and for OTF-W incidents only); data for the BVDP area and its buffer, and the combined comparison areas and
buffer areas. Raw data for Appendix Figure A2.

Reporting BVDP area BVDP buffer Comparison areas Comparison area buffers
period All bTB OTF-W All bTB OTF-W All bTB OTF-W All bTB OTF-W
3 years prior 34.2 275 25.0 23.9 221 16.0 20.1 16.3
2 years prior 26.5 19.9 21.2 16.2 18.5 135 18.6 145
1 year prior 22.0 171 21.7 18.9 19.6 16.3 155 12.8
Year 1 26.6 24.3 26.5 24.5 211 16.7 20.4 16.7
Year 2 221 18.1 211 17.8 225 18.7 21.8 19.0
Year 3 24.5 211 25.0 25.0 204 16.6 19.8 16.5
Year 4 25.2 18.4 24.4 17.9 19.1 16.0 22.6 18.7
Year 5 21.6 17.3 17.3 16.0 225 16.9 21.3 18.1
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Appendix Table A3 — The annual number of new bTB incidents per 100 unrestricted herds tested (for all incidents
and for OTF-W incidents only); data for individual comparison areas and buffer areas.
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3 years prior 30.8 24.1 21.4 23.9 14.4 13.1 229 22.7
2 years prior 20.6 28.8 16.7 25.6 145 7.6 24.0 16.7
1 year prior 25.2 19.2 21.3 9.5 145 11.0 17.8 25.0
Year 1 20.9 27.7 22.4 21.8 15.3 10.6 27.9 26.6
Year 2 30.5 23.6 19.0 325 20.1 15.8 19.6 18.1
Year 3 20.3 225 24.2 23.7 15.6 14.0 22.4 22.2
Year 4 10.8 16.2 15.7 26.6 29.4 20.8 20.0 32.8
Year 5 16.8 19.8 21.7 16.7 22.7 21.8 30.5 275
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3 years prior 23.1 20.5 16.0 18.2 8.2 10.2 18.1 18.7
2 years prior 13.2 24.3 12.3 18.6 11.0 6.3 19.0 111
1 year prior 19.3 17.5 18.4 6.0 11.8 7.8 15.9 225
Year 1 17.2 22.7 194 18.4 9.3 8.6 23.1 215
Year 2 221 19.1 15.9 30.0 17.9 12.8 18.7 18.1
Year 3 15.6 20.0 19.2 17.1 13.3 12.4 194 17.5
Year 4 7.7 10.3 14.8 24.1 25.7 17.6 15.0 29.7
Year 5 12.8 16.4 13.0 11.1 18.2 194 25.3 26.1

page 23



Appendix Table A4 — Total number and median number (with interquartile range) of reactors per incident (for all
incidents and for OTF-W incidents only). Raw data for Appendix Figure A3.

Comparison area

BVDP area BVDP buffer Comparison area
buffer

Reporting %) ) %) %)
period o o o e

Q Q Q (8]

(] © © (4]

g o Q@ @
All incidents
3 years prior 135 6.1 25(2,8) 28 35 2(,5) 286 5.4 2(1,4) 190 4.5 2(1,4)
2 years prior 392 85 3.5(1,7) 105 4.6 2(1,8) 405 4.0 2(1,4) 226 3.1 2(1,3)
1 year prior 361 75 3(1,9) 238 9.2 1(0,8) 481 4.8 2(1,4) 566 7.1 32,7
Year 1 155 4.6 1.5(,5) 74 35 3(,5 469 4.4 2(1,5) 607 7.9 2(1,6)
Year 2 346 9.1 4(1,8) 103 4.1 21,5 501 5.2 2(1,4.5) 668 7.8 2(1,6)
Year 3 443 117 2.5(1,9) 154 7.3 4(2,9) 845 6.8 2(1,6) 689 7.9 2(1,8)
Year 4 204 5.1 2(1,5.5) 78 3.4 1(0,3) 716 6.7 2(1,5) 574 6.5 2(1,6)
Year 5 65 2.1 1(0,3) 124 9.5 3(1,11) 609 6.8 2(1,5) 461 5.6 2(1,7)

Comparison area

BVDP area BVDP buffer Comparison area
buffer

Reporting
period

(%] (] (] (]
ped = = =
o o o o
= = = =
(8] (&] (&] (&S]
© © © ©
() () () ()
= — = =

OTF-W incidents

3 years prior 121 7.1 5(2,8) 24 4.0 25(16) 266 7.4 2(1,6.5) 178 5.1 2(1,5)
2 years prior 376 104 5(2,9) 100 5.3 2(0,8) 364 5.1 3@1,7) 163 3.5 2(1,4)
1 year prior 338 85 45(1,11.5) 235 102 2(0,11) 462 55 2(1,55) 553 7.7 3(27)
Year 1 146 5.6 2 (1,6) 69 3.6 3(1,6) 428 5.0 3(1,6) 573 9.6 3.5(1,9)
Year 2 335 102 4(1,8) 100 45 3(25) 477 63 25(1,65) 651 94  3(1,9)
Year 3 438 133 3(1,9) 153 7.7 4(2,9) 823 8.1 3(1,9) 676 8.9 3(1,9)
Year 4 188 6.1 3(1,9) 72 3.8 2(0,8) 696 7.7 3(1,7) 566 7.3 2(1,8)
Year 5 56 25 2 (0,4) 123 103 35(1,12) 588 7.9 3(1,7) 449 6.3 2(1,9)
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Appendix Table A5 - The median duration of OTF-W incidents that ended in each of the reporting periods, and the
proportion of OTF-W incidents that were >550 days. Raw data for Appendix Figure A4.

BVDP buffer Comparison area Comparison area buffer
Reporting Median Median Median Median
period incidents incidents incidents incidents
(IQR) (IQR) (IQR) (IQR)
. 178 216 213 217
3yearsprior 55338y 33 (162.5288.5) 0 (148,360) 12.3 (182,323) 12.0
. 212 271 233 253
2yearsprior g7 a55 83 (146,348) 15.8 (177.364) 56 (169,399) 6.4
. 193 197 205 229
Lyearprior  (1495368) 1°0 (149,658) 30.4 (150,347) 131 (15853925 139
165 248 209.5 205
veard @s0302) M (170,302) 158 (155,316) 9% (16353035) >
212 246 207 260
Year?2 (169.338) 21 (182,325) 9.1 (153,344) 10.5 (165,358) 11.6
177 281 2295 213
Year3 (151,333) 212 (170,539) 20.0 (155,386) 147 (170,.379.5) 11.8
103 235 215 195.5
Year 4 (155,309) 161 (153,281) 10.5 (149,306) 14.4 (153,357) 16.7
199 172 2175 210.5
Years (147,289) 0 (148,262) 16.7 (163,316) 12.2 (160,317) 111

Appendix Table A6 — The annual proportion of new OTF-W incidents detected by SICCT test surveillance vs.
slaughterhouse surveillance. Raw data for Appendix Figure A5.

BVDP buffer Comparison area Comparison area buffer

Reporting

period

Total new OTF-W incidents
OTF-W incidents first detected
at slaughterhouse (%)
OTF-W incidents disclosed
through skin testing (%)
Total new OTF-W incidents
OTF-W incidents first detected
at slaughterhouse (%)
OTF-W incidents disclosed
through skin testing (%)
Total new OTF-W incidents
OTF-W incidents first detected
at slaughterhouse (%)
OTF-W incidents disclosed
through skin testing (%)
Total new OTF-W incidents
OTF-W incidents first detected
at slaughterhouse (%)
OTF-W incidents disclosed
through skin testing (%)

yearspior 4135 sy 2 @1s) @2 2 @on @9y O ase  (00)
2yearsprior 30 (1;3) (8?7) 16 (254.0) (7?0) 70 (217?1) (752%9) 60 (1%3(.)7) (853(.)3)
L yearprior 28 (3%’(-)7) (6%1&-33) 20 (3;-0) (6?0) 87 (112%6) (877§4) 26 (127.5) (8‘;?5)
Yeart “ (177- 1 (8?-19) 2 (2;-0) (712?0) 87 (211?8) (7?3?2) 3 (117?8) (82?2)
Years 2! (185-5) (821?5) 10 (315-2) (6}3?8) % (1%;.34) (SZ)F.)B) 7 (2%)?0) (8%(.)0)
vears3 31 (15.4) (8%!.56) 20 (6:(1)?0) (4(?.0) 80 (211?2) (7?3?8) 64 (1%3?7) (851?3)
veard 7 uaay ese M gy @ T ean @y P @50 080
Years # (3??-3) (6?7) o (33-8) (63-2) 7 (1%9?0) (STO) o9 (2?2) (7?8)
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Appendix Table A7 — Number and proportion of herds with any new bTB incident in the reporting period, in herds
with and without a history of any bTB incident in the preceding 36 months. Raw data for Appendix Figure A6.

bTB incident in the preceding No bTB incident in the
36 months preceding 36 months
Reporting No. herds with No herds with Risk 95% ClI for

period incident in incident in ratio relative risk

NE: e reporting period®  \° EEs reporting period*

3 years prior 76 32 (42.1) 103 16 (15.5) 2.7 1.6 4.6
2 years prior 67 26 (38.8) 100 12 (12) 3.2 1.8 6.0
1 year prior 76 21 (27.6) 99 11 (11.2) 25 1.3 4.8
& Year 1 82 28 (34.1) 96 14 (14.6) 2.3 1.3 4.1
5 Year 2 73 23 (31.5) 97 8 (8.2) 3.8 1.8 8.1
Year 3 70 19 (27.1) 103 11 (10.7) 25 1.3 5.0
Year 4 70 22 (31.4) 106 11 (10.4) 3.0 1.6 5.9
Year 5 74 21 (28.4) 107 6 (5.6) 5.1 2.2 11.9
3 years prior 43 17 (39.5) 77 6 (7.8) 5.1 2.2 11.9
2 years prior 38 11 (28.9) 77 8 (10.4) 2.8 1.2 6.4
5 1 year prior 42 11 (26.2) 76 9 (11.8) 2.2 1.0 4.9
E Year 1 46 15 (32.6) 74 11 (14.9) 2.2 1.1 4.4
é Year 2 47 13 (27.7) 69 6 (8.7) 3.2 1.3 7.8
@ Year3 47 9 (19.1) 72 8 (11.1) 1.7 0.7 4.2
Year 4 47 14 (29.8) 75 4 (5.3) 5.6 2.0 16.0
Year 5 43 6 (14) 80 8 (10) 14 0.5 3.8
3 years prior 175 57 (32.6) 444 54 (12.2) 2.7 1.9 3.7
2 years prior 183 51 (27.9) 422 42 (10) 2.8 1.9 4.1
g 1 year prior 196 55 (28.1) 409 45 (11) 2.6 1.8 3.6
§ Year 1 214 66 (30.8) 396 39 (9.8) 31 2.2 4.5
g Year 2 201 58 (28.9) 389 45 (11.6) 25 1.8 3.5
§ Year 3 213 60 (28.2) 379 32 (8.4) 3.3 2.3 5.0
Year 4 227 50 (22) 386 38 (9.8) 2.2 1.5 3.3
Year 5 227 56 (24.7) 394 46 (11.7) 2.1 1.5 3.0
3 years prior 113 36 (31.9) 386 43 (11.1) 29 1.9 4.2
“.."Z-’ 2 years prior 113 43 (38.1) 364 27 (7.4) 5.1 3.3 7.9
-c':; 1 year prior 121 35 (28.9) 362 27 (7.5) 3.9 2.5 6.1
& vear1 127 47 (37) 350 37 (10.6) 35 2.4 5.1
% Year 2 144 44 (30.6) 334 35 (10.5) 2.9 2.0 4.3
€ vear3 143 43 (30.1) 324 25 (7.7) 3.9 25 6.1
§ Year 4 158 48 (30.4) 329 34 (10.3) 2.9 2.0 4.4
Year 5 166 46 (27.7) 322 28 (8.7) 3.2 2.1 4.9

! Herds under restriction for four or more months of the reporting period due to an incident that started before the reporting period were excluded
from the analyses. It was considered that such herds had limited opportunity to become cases since there may have been no further testing in
the period following the close of the incident. Setting a threshold of four months allowed for the detection of possible recurrence at the next test
scheduled after lifting of restrictions in herds where restrictions were lifted within the first four months of the current year.

2 Risk of having a new bTB incident in the reporting period for herds under movement restrictions in the preceding 36 months compared with
herds that had no history of movement restrictions. The risk ratio is the proportion of herds with a history of bTB that had a new incident, divided
by the proportion of herds with no history of bTB that had a new incident.
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Proportion of incidents by test type

The annual proportions of all new bTB incidents detected by different test types are shown in Appendix
Figure A8. Across all areas and reporting periods, the proportions of new bTB incidents that were
detected by different test types fluctuated widely. Regardless of these fluctuations, there were no
obvious trends across test types or time periods and therefore no apparent changes in the proportions of
new bTB incidents detected by individual test types following the implementation of badger vaccination in
the BVDP.

Appendix Figure A8 - Annual proportions of new incidents detected by different test types?; raw numbers of
incidents disclosed per test type are indicated.
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Proportion of new bTB incidents detected

2 Test type definitions can be found in Appendix 7 of the bTB annual surveillance report for England:
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/457332/GB-surveillance-report14.pdf
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Appendix 3: Abbreviations and definitions

Terminology

Baseline date

Intervention

Intervention area

Comparison area

Buffer area

Project population

Officially
Tuberculosis
(OTF)

Free

Officially
Tuberculosis  Free
Status  Withdrawn
(OTF-W)

Officially
Tuberculosis  Free
Status  Suspended
(OTF-S)

Prevalence

Incidence
Incidence rate

Herd-years at risk

Disclosing test

Reactor

Definition or description

The date on which badger vaccination was initiated in the intervention area. Only
cattle bTB incidents starting after this date contribute to the statistics for effects of
vaccination

Vaccination of badgers with BadgerBCG

100km? are in Gloucestershire in which badger vaccination was conducted.
Referred to in report as the BVDP

Land of the same size, shape and cattle bTB risk to the intervention area with
which it is matched

For the purposes of analysis, the data for all comparison areas were summed and
compared to the intervention area as a whole

Land up to two km from the outside edge of an intervention or comparison area in
which cattle bTB incidence is monitored but no badger vaccination has been
carried out

Cattle herds recorded on the Animal and Plant Health Agency (APHA) TB
database (SAM) as in existence in intervention, comparison and buffer areas on
the baseline date. Farm location is based on geo-coordinates recorded on SAM.
The location of land parcels associated with each farm is based on information
recorded on the Customer and Land Database (CLAD)

See Appendix 4 in the England report for an Extract from European Union (1998),
Council Directive 98/46/EC for full definition of the officially TB free status.

New bTB incidents in cattle herds confirmed by post-mortem evidence of infection
with M. bovis, the pathogen which causes bTB

These are incidents with at least one animal reacting to the tuberculin skin test
and having macroscopic lesions observed at post-mortem examination or at least
one slaughtered animal from which M. bovis is isolated from tissues

New bTB incidents in cattle herds resulting from the detection of reactors but
without post-mortem evidence of infection

These are incidents with at least one animal reacting to the tuberculin skin test, or
at least two animals with an inconclusive result to the tuberculin skin test, in which
macroscopic lesions were not observed at post-mortem. These may also be
incidents with at least one slaughtered animals which had visible lesions
(suspect) but which did not have M. bovis isolated from tissues

The proportion of herds under restriction as a result of a bTB incident at the end
of the reporting period. The prevalence denominator is the number of herds in
each area on the baseline date

The number of new incidents per 100 unrestricted herds tested in each year

The number of incidents per 100 herd-years at risk

The time at risk denominator is the sum of the time herds were at risk of a new
bTB infection, calculated from the periods the herds were not under restrictions
(Downs et al., 2013). In this report the median has been used in place of the
mean of time at risk for all years to remove the effect of any extreme ‘erroneous’
periods between tests, introduced by inactivity, incorrect test classification or
herds not requiring routine testing

The test that triggers the start of a new bTB incident (OTF-S or OTF-W) which in
turn marks the start of movement restrictions

An animal showing a particular pattern of reactions to a single intradermal
tuberculin comparative test (SICCT test) or to a gamma interferon (IFN-y) assay
that uses bovine and avian reagents, and not including an animal first suspected
to have bTB at the slaughterhouse
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An animal showing a particular pattern of reactions to a comparative intradermal
tuberculin test that uses bovine and avian reagents, where the difference in size
of reactions to bovine and avian tuberculin is not large enough to cause it to be
described as a reactor

Inconclusive reactor

Slaughter-house An animal from an OTF herd that had lesions consistent with bTB during routine
case post-mortem meat inspection
A herd that had a bTB incident disclosed in the reporting year that had also been
Recurrent herd under movement restrictions for a different bTB incident in the previous 36
months

A herd that has been under bTB restrictions for 550 days or longer, the equivalent

Persistent incident of approximately 18 months or longer
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