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DAERA scientific opinion on the peer reviewed evidence on badger 

intervention in relation the control of bovine tuberculosis  

This updated scientific opinion reviews the latest evidence on badger intervention 

strategies to support bovine tuberculosis (bTB) control in Northern Ireland. It builds upon 

the 2019 Departmental Scientific Opinion (Annex 1) using an updated annotated 

bibliography of relevant peer reviewed publications covering the period January 2015 to 

November 2024 (Annex 2).  This annotated bibliography incorporated findings from 174 

peer reviewed new scientific publications and included relevant peer reviewed papers 

suggested by stakeholders. The scientific opinion provided below is based on the two 

aforementioned documents with the purpose of informing policy development by 

assessing the effectiveness, feasibility and ethical considerations of various wildlife 

intervention control options.  Specifically, these options include proactive culling, 

vaccination, test and vaccinate or remove (TVR) and a hybrid option that combines these 

approaches within an undefined area. This scientific opinion will be used along with key 

drivers to provide an evidence-informed policy for future badger intervention.   

The terms of reference for this scientific opinion referred to the ‘viability’ of the different 

badger intervention options. For the purposes of this paper, viability was defined as ‘the 

capability of being implemented and is likely to lead to reduced levels of bTB in badgers 

and cattle in the Northern Ireland context’.  

The broader political, environmental, legal, economic, behavioural or social science 

aspects that are required in making a final policy decision on an appropriate badger 

intervention are not considered.  

Scientific conclusions of the evidence  

For ease of reference, the summary conclusions from the different themes used in the 

annotated bibliography (Annex 2) are provided below (with slight modifications).   

Badger Ecology  

Robust badger population data are required to inform modelling of and progression of 

interventions. In general badgers remain within defined territorial boundaries. This 

behavioural characteristic may decrease the likelihood of bTB infection by neighbouring 
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social groups or conversely increase infection and spread within a resident group, 

potentially exacerbated by anthropogenic disturbance. Badgers in Northern Ireland are 

likely to have a relatively higher numbers of setts in the immediate vicinity of grazing 

cattle.  Biosecurity measures such as fencing off badger setts and latrines may make a 

significant contribution to reducing the risk of cattle infection by badgers.   

The removal of badgers from an area has the potential to encourage ranging behaviour of 

neighbouring badgers into vacated territories which may increase the chances of 

spreading bTB.   

Modelling exercises estimating badger populations should incorporate data on habitat 

variables and previous badger management in adjacent areas to ensure that the proposed 

scale of badger intervention will achieve the desired results rather than potentially 

exacerbate disease transmission.  

Badger welfare & ethics  

The papers on badger welfare and ethics help inform on a more holistic policy approach of 

the bTB/ badger problem, moving beyond traditional assessments of science and 

economics.   

Badger diagnostics  

This section outlines the main observations from papers mainly focusing on the diagnosis 

of M. bovis infection in badgers. As well as covering recent research relating to diagnostic 

tests (DPP test, IFNg test culture, PCR), this section also provides information on the 

negative welfare impact of capturing and testing badgers.   

Transmission dynamics  

There is a lack of standardisation/agreed definitions across studies to enable direct 

comparisons to be made, particularly in relation to indirect/direct contact rates and 

environmental contamination.  This inhibits a fuller understanding of the cattle/badger/M. 

bovis interface.  Insights provided through the application of WGS technology show that 

the relative contribution of the different species to the maintenance of M. bovis infection 

varies between bTB hotspots.  However, to enable eradication of bTB in cattle within an 
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area, the infection needs to be controlled in all M. bovis reservoir hosts connected to that 

area.   

Proactive Culling  

In relation to pro-active culling, it is worthwhile to note the need for meticulous planning in 

relation to the spatial and temporal extent of the culling, the estimation of the population 

size, spatial distribution and connectivity of target species.  The potential effect of a 

proactive culling strategy on badger behaviour, such as increased ranging distance, also 

needs to be taken into account. The majority of previous studies have reported beneficial 

effects of culling strategies in terms of bTB prevalence in both badger populations and 

cattle herds. However, it needs to be noted that culling strategies in general were rolled 

out alongside enhanced cattle-based measures.  

Reactive Culling  

Trials into reactive, localised culling have shown significant negative effects, not on the 

land on which culling took place, but on adjoining lands and farms. However, irrespective 

of the method being used in a trial, thorough preparation, sound methodologies and 

sufficient resources are paramount.  

Test and vaccinate or Remove (TVR)  

The TVR project demonstrated that trap side testing of badgers was a practical, real-time 

decision tool using whole blood DPP testing.  The significant year-on-year decrease in 

badger DPP test positivity needs to be considered along with the design deficiencies of 

lack of replicate and control areas. However, its legacy of a vaccinated badger population, 

along with no signs of increased badger perturbation is an advance when moving forward 

to a vaccination only control measure. The results do suggest that the main driver in the 

study area was cattle to cattle transmission, highlighting a need for enhanced cattle bTB 

control measures alongside an area-based badger intervention.  

Badger vaccination  

The natural science evidence base is consistent with BCG vaccination reducing the 

susceptibility of badgers to M. bovis infection. Various large- and small-scale BCG 
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vaccination studies have been, and continue to be, undertaken in the UK and Ireland. 

There is a stated desire in the UK and Ireland to pivot from badger culling to badger 

vaccination, should disease surveillance support such a move. Many of these studies 

report on vaccination logistics, rather than the field efficacy of BCG vaccination in 

badgers, and more importantly, the effect of badger BCG vaccination on bTB levels in 

cattle.   

Although highly context-dependent (i.e. much of the landscape had already been 

subjected to reactive badger culling for several years), the most relevant field trial-based 

evidence derives from the well-controlled and powered “non-inferiority” trial undertaken in 

Ireland, which showed that badger BCG vaccination, in context, as carried out in the trial, 

was not inferior to (i.e. no worse than) targeted badger culling in most, but not all, trial 

areas. This informed a move to replace reactive badger culling with badger BCG 

vaccination in a >20,000km2 area in Ireland.   

However, effective vaccination depends on vaccine efficacy and vaccination coverage 

logistics; both important metrics are currently being estimated for Ireland. Whether badger 

BCG vaccination, alongside all current and potentially future cattle and wildlife control 

measures, will be sufficient to control and eradicate bTB in Ireland is the subject of 

ongoing research.   

Whether these findings are currently generalisable to the different context in Northern 

Ireland is worth considering. For example, Ireland has transitioned from decades of 

reactive badger culling towards badger BCG vaccination; Northern Ireland has a denser 

badger population and badger culling has not been policy. Advanced mathematical 

modelling, with parameters derived from the Northern Ireland context, may be informative.   

Modelling  

It is difficult to generalise model outputs given they are context dependent and indeed all 

the models are highly abstracted constructs i.e. not field trials. Some modeling outputs 

suggest that effective proactive culling is best at reducing bTB levels, but this can lead to 

a prolonged badger population recovery period or even extinction. Using NI data, one 

model suggested that TVR would deliver the biggest reduction in cattle bTB level provided 

there was no increased badger perturbation.  If badger perturbation occurred, all 
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intervention outputs were similar (proactive culling, TVR, vaccination).  Other models 

highlight the heterogeneity of cattle and badger infections within an area, which adds to 

the complexity of making generalized statements.  Another model suggested that badger 

intervention was only fully effective at reducing cattle bTB levels when the areas were 

close to their eradication threshold. Importantly, modelling indicated that the variation in 

cattle bTB levels was related to cattle movements, bTB testing frequency and interspecies 

transmission rates, which may reflect the differences seen between different bTB hotspots 

(see Transmission dynamics section).   

Socio-economics  

Three potential “promising approaches” have been highlighted: enhanced participation, 

collaboration and engagement of stakeholder in decision making, proactive incorporation 

of scientific evidence and the importance of contextualising as the local context will 

influence stakeholder acceptance and compliance. Some considered it important to focus 

on the pathogen, select language carefully when discussing bTB and invest in new 

innovations, such as vaccines and diagnostic tests.   

Miscellaneous  

This section discussed findings from various studies conducted in France and also on the 

novel use of fertility control in badgers.  Modelling of fertility control suggested there was 

little difference in outputs between various intermittent culling regimes, badger vaccination 

and use of a vaccine combined with fertility control.   

Concluding remarks of the annotated bibliography  

Peer reviewed published research between 2015 and May 2024 has provided 

supplemental evidence on the various aspects of badger intervention.  On the practical 

level, all previously identified badger intervention methods (proactive culling, selective 

culling and vaccination) have been trialled. Of particular note is the switch from culling to 

vaccination in ROI (although limited culling is retained as an option in hotspot areas) and 

the proven utility of real time trap side testing of badgers for M. bovis infection.  Selective 

culling combined with vaccination was only completed within one area (NI TVR study) 

hence limiting extrapolation of its results (although a similar approach is currently being 

piloted in France).   
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While there continues to be disparity of analytical/statistical opinion on the outputs relating 

to the RBCT, new evidence suggests that the Badger Control Policy (BCP) implemented 

in areas of England appears to have been effective in decreasing cattle bTB levels.  

However, the BCP included aspects over and above direct badger intervention and 

additional bTB cattle control measures have also been contemporaneously introduced 

within the high-risk area of England.  Indeed, for any badger intervention to succeed in the 

longer term, bTB control measures in cattle also need to be effective in reducing or 

preventing bTB re-introduction to the area as well as limiting re-infections of the badger 

population (through badger movement or cattle-badger transmission).   

With respect to badger vaccination, injectable vaccine is still the only viable option as 

there are logistical obstacles relating to oral bait vaccine delivery.  This means that 

badgers do need to be captured to enable vaccination or testing, which does pose a 

welfare issue.  However, actual physical injuries seem to be minor in most of badgers 

captured by cages or stopped restraints.   

Modelling outputs do tend to demonstrate that badger intervention can reduce bTB levels 

with methods involving a lethal component (proactive or selective culling) providing a 

faster bTB response than vaccination only.  However, there has been an increase in 

publications on the socio-economic aspects of bTB in relation to stakeholder knowledge, 

opinions and behaviours related to badger intervention options.  They tend to highlight the 

need to consider ethics and public opinion as well as any scientific evidence base in 

relation to badger intervention.     

Importantly, effective, positive engagement by all stakeholders is required to enable bTB 

eradication.  

  

  

  
Scientific Opinion Conclusions:  

1. Previous opinions validated.  
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The opinions, conclusions and control options identified in the original 2019 

Department Scientific Opinion document (Annex 1) are given further support and 

validation from the scientific papers and reports that have been published and 

documented in the annotated bibliography (Annex 2).  

2. Badger intervention remains necessary  

Badgers and cattle form a two-host transmission system. Modelling and genomic 

evidence confirms bidirectional transmission of Mycobacterium bovis between 

them. Wildlife intervention is therefore an essential component of any bTB 

eradication strategy.  

3. Cattle controls are equally critical  

Cattle-to-cattle transmission appears to be a primary driver of cattle infections. 

Without strengthened parallel cattle measures, wildlife interventions alone are 

unlikely to achieve eradication.  

4. Vaccination is the long-term goal  

Badger vaccination with BCG reduces susceptibility to infection and can create 

indirect protection within populations. However, it is slow to act and less effective in 

areas with high infection prevalence unless preceded by a reduction in infection 

pressure (e.g. via culling or selective removal). Sustained, high-coverage badger 

vaccination over many years is likely to be required using a vaccination only 

approach in areas where the infection is endemic in badgers.  

5. Proactive culling can reduce bTB but is indiscriminate  

Field trials and modelling show that large-scale, sustained culling can reduce bTB 

in cattle and badgers. However, most badgers removed are uninfected, and 

concerns persist over animal welfare, public acceptability, and potential ecological 

impacts. In Ireland, the hypothesised badger perturbation effect caused by culling 

appears minimal compared to England but the effect in Northern Ireland is 

unknown.    

6. TVR shows promise   

Northern Ireland’s 5-year TVR trial within a 100km2 single area significantly 

reduced M. bovis prevalence in badgers without disrupting their social structure.  

However, analysis did not demonstrate a potential impact on cattle herd incidence, 

suggesting that the main driver in the study area was cattle to cattle transmission, 

highlighting the need for concurrent cattle measures.   
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7. Hybrid strategies are conceptually strong  

Modelling and field data support combining methods such as proactive culling or  

TVR followed by long-term vaccination. A new flexible approach proposed by the 

Chief Veterinary Officer (CVO) involves using TVR to assess M. bovis infection 

patterns in year one, followed by area-specific application of culling, vaccination, or 

continued TVR. While theoretically attractive, this adaptive strategy has not yet 

been trialled and therefore has no modelling or field data support.  As with all 

interventions, it requires careful design, logistical planning, and stakeholder 

engagement.  

8. Welfare and ethical concerns are central  

All badger interventions require live capture or free shooting, raising potential 

ethical and welfare considerations. When conducted to high standards, cage 

trapping and restraints cause minimal injury but both methods were categorised as 

having intermediate welfare scores. Published papers recorded that 16% of 

badgers caught in restraints exhibited more than minor injuries compared with 3% 

trapped in cages. Free shooting may carry a higher risk of suffering and is less 

reliable. Ethical analysis highlights the need for proportionate, justifiable policies 

that minimise harm and respect both human and animal interests.  

9. Future policy must be multi-faceted  

There is no one-size-fits-all solution. Effective bTB control in the TB Transformation 

Programme will require coordinated action across cattle and wildlife, tailored to 

local areas and conditions. Decision-making should be evidence-based, ethically 

sound, and flexible enough to integrate new tools and technologies.  

Opinion Summary  

Based on the peer reviewed scientific evidence, all options (TVR, proactive culling, 

vaccination) are considered scientifically viable options. Scientific viability should be 

assessed in parallel with ethical and welfare considerations.    

However, using the ‘vaccination only’ option would require many years of implementation 

and high coverage to achieve the same result as other options that include a lethal 

component. In this context vaccination is perhaps more suitable for deployment as an exit 

strategy from intervention with a removal component.    
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In relation to pro-active culling, there are serious ethical disadvantages to consider given 

that it will remove a large majority of the healthy badgers from an area.  This is particularly 

pertinent given that other viable options are available. The potential effect of a proactive 

culling strategy on badger behaviour, such as increased ranging distance, also needs to 

be taken into account.  

TVR provides for a targeted approach removing only those animals found using the DPP 

test to be infected with bTB. As fewer animals will be removed, it would have a 

significantly lesser impact on badger numbers and therefore the ecology in the area. It has 

to be noted though that to date there has not been a comprehensive deployment of TVR 

on a 100km2 basis outside of research.  

Conceptually hybrid solutions could viably be deployed in NI with the aim of informing 

future policy, rather than implementation of a defined finished product. This intervention 

potentially combines all three wildlife intervention strategies in a targeted, adaptive way to 

address bTB levels in badgers and cattle. It should be noted that this concept has not 

been deployed before, and detailed, specific, modelling has not yet been carried out to 

predict likely outcomes.  

It is again important to note that badger intervention without appropriate cattle bTB control 

measures being in place will not result in effective reduction in bTB levels in cattle and 

therefore it is crucial that both control strategies are used in parallel with each other.  
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Annex 1: Scientific Opinion on the Available Evidence on Badger 
Intervention” August 2019.   

 

ScienƟfic Opinion on the Available Evidence on Badger IntervenƟon 

Agreed by: Michael Hatch (Deputy Chief Veterinary Officer, VSAHG) & Helen 
Anderson (Director of Natural Environment Division, NIEA) on 

30 August 2019 

This reflects the outcome of discussion between NIEA and VSAHG at which an agreed 
interpretaƟon of the evidence was reached and updates the scienƟfic opinion previously 
agreed on 12 December 2018. 

1. Purpose 
This paper provides opinion on the scienƟfic evidence on badger intervenƟon opƟons for 

Northem Ireland that; 

 Is based on current scienƟfic evidence;  takes into account policies/strategies in 
other jurisdicƟons and their reported progress; 

It aims to feed this informaƟon into consideraƟons by policy makers charged with short-
lisƟng the most feasible badger intervenƟon opƟons. 

2. Method 
This paper builds on the scienƟfic jusƟficaƟon provided for the TBSPG report on wildlife 
intervenƟon recommendaƟon (TBSPG, Annex B) supplemented by the independent 
peer review of the TBSPG report carried out by Professor Simon More 
(Centre for Veterinary Epidemiology and Risk Analysis, University College Dublin 

(CVERAt UCD)); referred to as the scienƟfic peer reviews (SPR) within this paper (TBSPG, 
2016; More 2016a,b). It is recommended that the reader refers to the aforemenƟoned 
papers while considering this document 
(hƩps://www.daerani.gov.uk/pubiicaƟons/tbspq-bovine-tb-eradicaƟon-strateqy-ni) along 
with the addiƟonal scienƟfic papers referenced in this report. 
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This review also draws on subsequent ROI and GB scienƟfic papers published since the 
TBSPG report as well as other reports and communicaƟons from these jurisdicƟons. This 
paper also incorporates some of the preliminary evidence arising from the DAERA five 
year badger research project involving a test, vaccinate or remove (TVR) intervenƟon in 
which the field work was completed this autumn (2018). 

It has been jointly wriƩen by VSAHG and NIEA officials for consideraƟon by the DAERA 
Wildlife Working Group. 

3. Caveats 
This paper provides an update on the available science; it is stressed that there is a lot 
of uncertainty sƟll surrounding this topic. The broader poliƟcal, environmental, legal, 
economic, behavioural or social science aspects that are required in making a final policy 
decision on an appropriate badger intervenƟon are not considered. 

The paper considers badger intervenƟon over large areas where caƩle bTB levels are 
relaƟvely high, recurrent or persistent, and where badger density is also esƟmated to 
be high, as described in the TBSPG report and idenƟfied using a methodology developed 
by DAERA (VEU, 2017). It does not therefore revisit intervenƟon in response to tocalised 
bovine bTB herd breakdowns (reacƟve culling). 

No consideraƟon is given within the paper regarding the impact of any enhanced caƩle 
measures required to minimise caƩle-to-badger transmission as it is limited to 
consideraƟons of the methods relaƟng to badger intervenƟon. However, it is noted that 
the recent English bTB review placed emphasis on improving farm biosecurity 
measures; alongside other measures (Godfray et al, 2018). 

As there is no published evidence from any long term badger intervenƟon in NI, most of 
the evidence is based on English and Irish experiences. There cannot be a direct read 
across from England and Ireland as there are ecological and pracƟcal differences that will 
create a degree of uncertainty around outcomes (e.g. O'Connor et al, 2012). 

4. Purpose of a Badger IntervenƟon 
M. bovis is transmiƩed within and between populaƟons of badgers and caƩle (Godfray 
et al, 2013, 2018) and therefore badgers play a role in maintaining bovine tuberculosis 
(bTB) in caƩle. The involvement of badgers is also cited in the underpinning evidence 
for the TBSPG and the independent review of that evidence (SPR page 40, para 92). 
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InternaƟonal experience has shown that bTB eradicaƟon will only be achieved by 
simultaneously addressing all factors that meaningfully contribute to the persistence 
and spread of M. bovis in all animal populaƟons (SPR page 45, para 101 The purpose of 
a badger intervenƟon is to reduce transmission within the badger populaƟon and 
between badgers and caƩle. 

Godfray et al (2013, 2018) also concluded that, in designing bTB control programmes for 
known and potenƟal high bTB incidence areas, benefits will be obtained from 
implemenƟng effecƟve measures that target the disease in both caƩle and wildlife in the 
same area. The best type or combinaƟon of intervenƟons may differ between high and 
low incidence areas. 

More (2016a; SPR page 42, para 96) states that the opƟons to limit transmission from 
badgers to caƩle are reliant on either a) a reducƟon in the adequacy of contact or b) the 
proporƟon of the populaƟon suscepƟble. 

a. OpƟons to limit adequacy of contact 
So far, these have been restricted to efforts to reduce the number of contacts per unit 
Ɵme through either 

i. badger culling ji. improved biosecurity (relevant to badger to caƩle 

transmission) 

b. OpƟons to reduce the proporƟon of populaƟon suscepƟble 
i.Badger vaccinaƟon ii.CaƩle 
vaccinaƟon 

The remit of the paper is to consider badger intervenƟon opƟons only and does not 
examine evidence concerning either biosecurity or caƩle vaccinaƟon. 

5. OpƟons 
The intervenƟon opƟons considered over a large area (>100km2) are: 

i. VaccinaƟon ii. Non selecƟve culling (proacƟve) iii. SelecƟve culling and 
vaccinaƟon (Test Vaccinate or Remove (TVR)) iv. SelecƟve culling and 
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vaccinaƟon enhanced by non-selecƟve culling in badger bTB "hotspot" areas 
(Enhanced TVR (eTVR)) 

 v. OpƟons ii — iv followed by vaccinaƟon only. 

6. The evidence 

i. VaccinaƟon 

a. Experimental trials indicate a significant decrease in the number and severity of 
gross lesions, lower bacterial load in the lungs and fewer sites of infecƟon in 
naive, BCG vaccinated badgers that were then challenged with large doses of M. 
bovis. The main protecƟve effect is a reducƟon in the severity and progression 
of the disease following M. bovis challenge. On this basis, Prof. More concluded 
that it was reasonable to expect vaccinaƟon to reduce M. bovis prevalence in 
badgers and in high caƩle prevalence areas, over Ɵme. However no data are 
publically available to assess the magnitude and Ɵming of these effects in the 
caƩle populaƟon (SPR Page 45, para 104) although model outputs have given 
some indicaƟons. Moreover, vaccinaƟon field trials in UK and Ireland have been 
encouraging although they were in badger populaƟons with relaƟvely low bTB 
levels (Chambers et al, 2011; Carter et al, 2012; Gormley et al, 2017; Aznar et al, 
2018). The use of BadgerBCG, which is licensed for use in the IJK, is associated 
with a 74% reducƟon in the bTB seroposiƟve incidence in badgers (Chambers et 
al, 2011). An individual badger risk reducƟon of 76% from vaccinaƟon was 
claimed in a field study along with indirect protecƟon of unvaccinated cubs 
(Carter et al, 2012). However, similar reducƟons in badger TB prevalence were 
seen in vaccinated and control groups across the four year study (Carter et al, 
2012; Table S5 in supplemental data). 

b. There is no evidence of either a beneficial or detrimental effect of BCG 
vaccinaƟon in bTB infected badgers. Therefore vaccinaƟon has the potenƟal to 
provide benefit only to those animals that are not bTB infected (or otherwise 
sensiƟsed to mycobacteria) at the Ɵme of BCG vaccinaƟon (SPR page 47, para 
111; Aznar et al, 2018). 

c. Pseudo-verƟcal transmission is believed to be an important feature of M. 
bovis infecƟon in badgers and may be a key factor in maintaining infecƟon 
within local populaƟons. Logically therefore, the force of infecƟon will be 
greater in high compared to low prevalence badger populaƟons (SPR page 47, 
para 112). 
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d. These issues have raised concerns as to whether badger vaccinaƟon alone would 
be sufficient to limit transmission given the force of infecƟon in the badger 
populaƟon. M. bovis infecƟon in badgers can be very high in Ireland reaching up 
to 43% in hot spot areas (SPR Page 47, para 113). In the badger bTB detecƟon 
survey in the Aghadowey area, 6 out of 19 randomly tested badgers were 
posiƟve to the DPP test (sensiƟvity 84%; Jinks et al, 2019) and all 6 confirmed 
with M. bovis (bTB prevalence 32%; 95% confidence interval 15%-54%). 
Therefore in such areas in NI, the badger bTB prevalence could be as high as the 
Irish hotspot areas. 

e. Infected badgers can harbour M. bovis for several years and are therefore a 
potenƟal on-going intermiƩent source of bTB infecƟon. 

f. Although the duraƟon of immunity against bTB is unknown, the licensed product 
for vaccinaƟon of badgers against TB (BadgerBCG) recommends annual 
vaccinaƟon for coverage reasons rather than immunological responses (in view 
of the esƟmated 30% badger tumover rate and badger movements). 

g. A number of modeling studies have generally highlighted the value of long term 
vaccinaƟon in reducing bTB incidence in badger populaƟons (SPR page 46, para 
105). Abdou et al (2016) showed the limited impact of vaccinaƟon alone on bTB 
infecƟon in badger populaƟons and the substanƟal improvement when 
vaccinaƟon was preceded by 5 years of 

culling (SPR page 48, para 116a). Other modelling results were broadly similar 
(Smith et al, 2001 , 2016 ; Wilkinson et al, 2004), that is, the impact of badger 
vaccinaƟon atone on caƩle bTB prevalence took many more years to achieve 
without first introducing a proacƟve lethal element, such as culling (SPR page 48, 
para 116b). Hardstaff et al (2013) found that vaccinaƟon alone could be an 
effecƟve disease control strategy in higher density badger populaƟons, but only 
with annual deployment of a vaccine with an efficacy of around 80%. The 
effecƟveness of this strategy was reduced by the presence of external sources of 
infecƟon (SPR page 48, para 116c). 

h. Two major field trials, the Kilkenny study and non-inferiority trial, have recently 
been completed in Ireland. The purpose of the trials was to provide informaƟon 
needed to move them safely from a cull-only policy to an approach that could 
incorporate vaccinaƟon of badgers in place of culling. 
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j. The Kilkenny trial (Aznar et alt 2018) found that vaccine efficacy for suscepƟbility 
(VEs); reducƟon in suscepƟbility to natural exposure with M. 
bovis in vaccinated compared to placebo treated badgers) was 59% (95% 
confidence interval = 6.5-82%). A complete lack of effect from BCG vaccinaƟon 
on the infecƟvity of infected badgers was also observed i.e. the vaccine 
efficacy for infecƟousness was 0%. On the basis that the prevalence of M. bovis 
in endemic areas in Ireland is approximately 18% modelling of the results from 
the study (Aznar et ai, 2018) stated that 'with vaccinaƟon coverage in badgers 
exceeding 30%, eradicaƟon of M. bovis in badgers in Ireland is feasible, 
provided that the current control measures also remain in place' (it is unclear if 
this output assumes no increase in badger density). Discussion with Professor 
More, a co-author of the paper, indicated that this outcome was predicated on 
the programme of culling that had reduced badger bTB prevalence to the level 
quoted. 

j. Earlier analysis of the Kilkenny trial (Gormley et al, 2017) showed that among 
vaccinated badgers that seroconverted (indicaƟve of bTB infecƟon), the mean 
Ɵme to seroconversion was significantly longer compared with unvaccinated 
badgers. There was also a significant difference in the rate of seroconversion 
between vaccinated and unvaccinated badgers and in the proporƟon of 
animals presenƟng with M. bovis culture confirmed lesions. 

The results demonstrated that serial oral BCG vaccinaƟon confers protecƟon 
to badgers within that area and could be used to reduce incidence rates in bTB 
infected populaƟons in badgers. The paper also concluded that vaccine 
efficacy increases with serial coverage (from 36% [95% Cl:  
vaccinaƟon rounds 1 & 2 to 84% [95% a: 29%97%] in vaccinaƟon rounds 3-6). 

k. The general consensus in Ireland is that badger culling will be required in areas 
of high bTB risk prior to mass vaccinaƟon, specifically to reduce the prevalence 
of M. bovis in the emergent badger populaƟon (SPR page 48, para 115). 

There has been widespread vaccine deployment, as a study (O'Keeffe, 2017), in 
seven large areas previously subject to badger culling, in six Irish counƟes 
(2014-2017). The study has been designed as a non-inferiority trial, to 
determine whether vaccinaƟon is not inferior (<1 % difference) to area-wide 
targeted badger culling in terms of bTB herd incidence. The preliminary 
outcome of this work has shown that vaccinaƟon is not inferior and on that 
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basis Ireland are proceeding to gradually replace culling with vaccinaƟon 
(O'Keeffe, 2017). 

m. An intensive acƟon area (IAA) was undertaken in Wales where badger 
vaccinaƟon was deployed over a four year period. ScienƟfic assessment of this 
project has not been undertaken as badger vaccinaƟon was only one of a 
number of measures employed in this one area (APHA, 2017). 

Summary on VaccinaƟon only (OpƟon i) 
CollecƟvely, the scienƟfic evidence summarised above raises concerns as to whether 
badger vaccinaƟon by itself will be sufficient to limit bTB transmission in areas where 
there is a high level of bTB infecƟon in badgers. The general consensus from Ireland is 
that badger culling will be required in high badger bTB prevalence areas prior to use of 
mass vaccinaƟon. In areas of relaƟvely low badger bTB prevalence and low badger 
density, relaƟvely moderate BCG vaccinaƟon coverage may be an effecƟve opƟon, 

ii. Non selecƟve culling (proacƟve) 

Culling in other jurisdictions of the British Isles 

a. There is evidence from England and Ireland to show that culling over a large 
area (>100km2) for a number of years will reduce badger density, badger 
bTB prevalence (in Ireland at least) and caƩle herd incidence (TBSPG, Annex 
B, 
1.4). 

b. Follow-up studies have shown that the iniƟal impact on caƩle herd incidence of 
proacƟve culling were maintained for several years aŌer terminaƟon of the trials 
(TBSPG Annex B, 1.3). It should be noted that this effect was also observed in the 
RBCT proacƟve cull areas where there was no follow up badger intervenƟon. 

c. Culling is currently the principal badger intervenƟon used in England and Ireland. 
The current policies using proacƟve culling in England and targeted culling in 
Ireland started in 2013 and 2004, respecƟvely, the difference between the two 
approaches is that in England culling takes place over a large, a priori defined, 
area. In Ireland, the iniƟaƟon of culling in a new area is triggered by a caƩle herd 
bTB breakdown, and is repeatedly conducted in the 
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2km radius around those herds. Over Ɵme, this repeated culling nature in 
Ireland has caused these cull areas to merge forming larger conƟguous cull 
areas. 

d. An analysis of the first two years of the badger culls in Gloucestershire and 
Somerset has been published (Brunton et al, 2017). The paper has assessed the 
associaƟon between caƩle bTB incidence and badger culling over a 2 year period. It 
is heavily caveated because of the very short Ɵme scale and 
explicitly warns that "it would be unwise to use these findings to develop 
generalizable inferences about the effecƟveness of the policy at present". AŌer 
adjustment for confounding factors, a mulƟvariable analysis showed that 
reducƟons in bTB herd incidence were associated with culling in both intervenƟon 
areas when compared to areas with no culling. An increase in incidence was 
associated with culling in the 2km buffer surrounding the Somerset intervenƟon 
area but not in Gloucestershire. bTB herd incidence data relaƟng to the TVR project 
would further cauƟon over-interpretaƟon of these findings as there is large 
between-year variability observed within and across the TVR area and three 
control ('hands-off) areas studied. 

e. The original 4 year licences for culling in Gloucestershire and Somerset have 
recently been extended for a further 4 years. 

f. In Ireland, during a large scale replicated cull trial known as the four area study 
(Griffin et al, 2005), badger bTB prevalence declined over Ɵme in proacƟvely 
culled areas (Comer et al, 2008). 

g. Also in Ireland, a significant reducƟon in badger bTB prevalence over Ɵme 
has been observed based upon badgers culled in areas where there has been 
extensive culling (up to 30% of the agricultural area of the country) as part of 
the naƟonal programme of targeted removal (Byrne et al, 2015 and DAFM, 
personal communicaƟon). The available Irish data (DAFM, unpublished data) 
show badger bTB prevalence within these intervenƟon areas did decrease 
between 2008 and 2012 (22.75%, 95%Cl 20.8-24.8 to 9.37%, 95%Cl 8.3-10.6). 
However, there was increasing badger bTB prevalence year on year from 2012 
(9.37%, 95%Cl 8.3-10.6) to 2015 (14.65%, 95%Cl 13.1-16.4). There were changes 
to the areas culled during that Ɵme that may have impacted on the badger bTB 
prevalence esƟmates (DAFM, personal communicaƟon). No data on badger bTB 
prevalence in Ireland are available aŌer 2015. 
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h. Ireland is gradually rolling out a policy of replacing most of their cull areas with 
vaccinaƟon (Houtsma et a}, 2018). They consider that there will be a need for 
culling in some circumstances, even aŌer full roll out of this approach (DAFM, 
personal communicaƟon). 

     One issue highlighted by the TVR research study (DAERA, 2017) is that iniƟal 
indicaƟons suggest that the starƟng badger bTB prevalence may have been quite 
low (12%; 95% 7.1-19.0%; Jinks, API-IA, unpublished data). The methodology 
developed for selecƟon of the TVR area (VEU, 2013) used the Irish findings that 
high bTB caƩle herd incidence was a proxy for high badger bTB prevalence 
(Murphy et al, 2011). In the TVR study area, this assumpƟon did not appear to 
hold. However, other badger and caƩle metrics are included in the selecƟon of 
future potenƟal badger intervenƟon areas in an aƩempt to miƟgate against such 
a risk (VEU, 2017). 

Perturbation and the Perturbation Effect 

j. 'PerturbaƟon' is a term given to changes in the territorial behaviour of badgers 
when badger populaƟons are disturbed. A 'perturbaƟon effectt is a hypothesis that 
posits that the changes in territorial behaviour of badgers, when infecƟon is 
residing within the populaƟon, can lead to an increase in bTB infecƟon 
transmission. Most of the evidence for the hypothesised perturbaƟon effect, at 
least evidence relaƟng to increased risk to neighbouring caƩle herds around culled 
areas, comes from the Randomised Badger Culling Trial (RBCT) that took place 
between 1998 and 2005 (Woodroffe et al, 2006) although this hypothesis has been 
challenged (More et al, 2007). However, this is indirectly supported by evidence 
from Woodchester Park and other studies in England 

(Carter et al, 2007; Rogers et al, 1998; Vicente et al, 2007; Weber et al, 2013). 

k. The RBCT found that while bTB outbreaks in caƩle declined inside the proacƟve 
badger cull areas, an increase was seen in the surrounding 2km area. The reason 
for this increase is thought to be due to the increased perturbaƟon of the badger 
social groups surrounding culled areas leading to increased bTB transmission. The 
scienƟsts proposed that although there was a reducƟon in badger numbers within 
the cull area, the remaining badgers roamed over a wider area (Woodroffe et al, 
2006). AddiƟonally, mechanisms whereby indirect effects of culling on 
neighbouring social groups through the inward movement of badgers into the 
vacant territories ("vacuum effects"; Carter et al, 2007), have also been invoked to 
explain the paƩerns of risk. It is thought that these processes may lead to more 
contact between badgers and caƩle and increasing the likelihood of badgers 
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spreading disease to caƩle, although this is unproven. The exact mechanism by 
which TB prevalence increases in perturbed populaƟons has yet to be elucidated 

l. The increased infecƟon levels observed in the RBCT in caƩle herds adjacent to 
areas where culling was carried out was short lived. The perturbaƟon effect in the 
surrounding area was seen to disappear within 18 months aŌer the end of culling 
(Jenkins, Woodroffe & Donnelly 2010). 

m. It is currently not known if there is a threshold of badger removal at which a 
perturbaƟon effect is not observed. It has been suggested that to reduce the risk 
of culling induced perturbaƟon effect, a minimum of 70% of the populaƟon is 
required to be removed to mimic the condiƟons within the RBCT (Donnelly and 
Woodroffet 2015). However, variaƟon in proporƟon of the badger populaƟon 
removed during the RBCT have been published during the iniƟal culls  
removal; Smith and Cheeseman, 2007) and in metrics of relaƟve abundance 
(Woodroffe et al, 2008). The 95% confidence intervals associated with potenƟal 
acƟvaƟon of badger perturbaƟon were so wide, even removal of one badger from 
a social group could not be discounted as potenƟally causing perturbaƟon (Bielby 
et al, 2014). 

n. In Ireland social perturbaƟon of badgers has been described (i.e. how changes in 
abundance can alter socio-spaƟal dynamics of badger populaƟons (O'CorryCrowe 
et al, 1993; Sleeman and Mulcahy, 2005), however there has been no evidence in 
support of the perturbaƟon effect (i.e. social perturbaƟon being associated with 
increasing badger and subsequently caƩle bTB risk; SPR page 50, 118b iv). 

o. Aspects of badger ecology differs across jurisdicƟons and the badger populaƟon 
density in England is typically greater than in Ireland and NI 

(compare Ireland: Feore, 1994; Smal, 1995; Sheridan, 2011; Reid et al, 2012; 
Byrne et al, 2012; Byrne et al, 2014a; with GB: Thornton 1988; Cresswell et al, 1990; 
Wilson et al, 1997; Judge et at, 2017). However, modelling outputs would suggest 
this has liƩle influence on various intervenƟons with respect to badger bTB within 
intervenƟon areas between SW England and NI (Smith et al, 2016). 

p. With proacƟve culling, it is recommended that hard boundaries are uƟlised where 
possible to reduce badger movements in and out of the cull area 
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(TBSPG, 2016). 

q. For the badger culls in England, Defra guidance to Natural England who consider 
cull licence applicaƟons, is that applicants must put in place reasonable measures 
to miƟgate the risk to non-parƟcipaƟng farmers and landowners of a potenƟal 
increase in confirmed new bTB incidents in vulnerable livestock within the culled 
area and in the 2km ring surrounding it (Defra, 2018). Applicants are asked to 
design their areas with hard boundaries to miƟgate against any possible 
perturbaƟon effect. 

r. The culling policies implemented in Somerset and Gloucestershire have been 
analysed (Brunton et al, 2017) and concluded that an increase in incidence was 
associated with culling in the 2km buffer surrounding the Somerset intervenƟon 
area but not in Gloucestershire (the caveat 'di above applies). 

s. There is some evidence from simulaƟon models that culling can be more effecƟve 
than vaccinaƟon strategies alone and that culling with a 2km ring vaccinaƟon is 
more effecƟve than culling or vaccinaƟon alone (TBSPG, Annex 
B, page 12, 1.6). 

Summary on ProacƟve culling (OpƟon ii) 

Two separate culling trials demonstrate a significant benefit in mulƟ-annual proacƟve culling 
with respect to the reducƟon in caƩle herd bTB incidence (Donnelly et al, 
2006; Griffin et al, 2005) with extended benefits indicated for several years aŌer cessaƟon 
of the culling (Byrne et al, 2014b; Donnelly et al, 2011; Jenkins et al, 2010). 

 
This robust evidence is tempered with the potenƟal for a perturbaƟon effect peripheral 
to the proacƟve culling area, although this was not observed in the Irish situaƟon. Use of 
geographical boundaries could limit any potenƟal perturbaƟon effect or use of a buffer 
vaccinaƟon area as proposed by TBSPG. 

iii. Test and Vaccinate or Remove (TVR) 
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a. TVR has been demonstrated to be feasible and, on first principles of infecƟous 
disease control, could have a protecƟve role through selecƟve culling to remove 
bTB infected badgers, hence decreasing the infecƟon load, and by vaccinaƟon to 
enhance immunity against bTB in the remaining badger populaƟon. 

b. The DAERA TVR research study was not designed to provide evidence of a 
staƟsƟcally significant effect of the TVR approach on badger or caƩle bTB levels 
(DAERA, 2017). It could, however, provide very useful ecological and logisƟcal 
informaƟon that can contribute to planning and cosƟngs. No other field trials using 
a TVR approach have been carried out. Modelling results are equivocal on the 
Ɵmescale as to whether TVR would take a longer Ɵmescale than proacƟve culling 
to reach similar badger TB prevalence levels within each model (Abdou et al, 2016; 
Smith et al, 2016). 

c. There is currently limited informaƟon about the effecƟveness of TVR in badgers. 
Modelling would suggest that TVR would be effecƟve in reducing bTB levels in 
badgers and caƩle if there was no perturbaƟon effect (Smith el al, 2013, 2016). 
Preliminary field results would conclude that there appears to be no apparent 
negaƟve impact of such an intervenƟon approach in terms of increasing 
prevalence within the badger populaƟon or badger perturbaƟon 

(O'Hagan et al, 2019, DAERNAPHA, unpublished data). 

d. TVR could strengthen the ability of vaccinaƟon to limit transmission through the 
selecƟve removal of infected (and potenƟally infecƟous) badgers, thereby reducing 
infecƟon prevalence in the residual populaƟon during the vaccinaƟon period. 
Several factors could reduce the effecƟveness of this strategy including test 
sensiƟvity and a perturbaƟon effect (SPR addiƟonal comments page 3 para 7). 

e. Early indicaƟons from the TVR study are that perturbaƟon is not an issue 
using this type of intervenƟon (O'Hagan et alt 2019; 16.5% of captured badgers 
were removed during the first year of TVR intervenƟon and no increased ranging 
behaviour was observed; with an esƟmated capture rates of approximately 55%). 
However, the TVR project occurred in one 100km2 area with no replicates and the 
only control was the before and aŌer design. Therefore this TVR study was not of 
a sufficient scale or design to demonstrate any staƟsƟcally significant impact on 
bTB levels in badgers or caƩle. 
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f. Wales recently adopted a targeted test and remove (as no BCG vaccine was 
available during 2016/17) approach in the area around chronic bTB caƩle herds 
but there has been no evaluaƟon of its effect on the breakdown herds. 

g. Modelling of TVR in the absence of a perturbaƟon effect resulted in 
dramaƟc declines in the number of infected badgers and hence confirmed bTB 
herd breakdowns in the management area, with some small benefit in the ring 
immediately beyond (Smith et al, 2013). In the presence of a perturbaƟon effect 
(at a level as seen in the RBCT), TVR simulaƟons showed an iniƟal rise in the 
number of infected badgers (and bTB herd breakdowns) in both the treatment area 
and the immediately surrounding ring. However, bi-annual treatment in the first 
year substanƟally reduced the negaƟve effects of badger perturbaƟon in the model 
and led to a noƟceable reducƟon in the number of bTB herd breakdowns over a 
ten-year period (compared to the same effort distributed on an annual basis). The 
modelling results suggest that the number of infected badgers in the treatment 
area should decline by about 60% in Northem Ireland over a five-year period of 
treatment (30% if a perturbaƟon effect occurs in a manner similar to that seen 
during the RBCT), if a variable control strategy is adopted. In the absence of a 
perturbaƟon effect, this may equate to a 30% reducƟon in the incidence of bTB in 
caƩle in the core area over the five-year period. With a perturbaƟon effect 
simulated, the reducƟon would be too small to be detected in caƩle over this Ɵme 
period. 

h. Further modelling by this group (Smith et at, 2016) compared different 
intervenƟon strategies (vaccinaƟon, proacƟve culling, TVR) for both SW 
England and Nt. As usual, there were large levels of uncertainty surrounding the 
model outputs but, TVR without a perturbaƟon effect gave slightly beƩer results 
than non-selecƟve culling with respect to the mean number of infected badgers 
and the mean caƩle herd breakdown rate. This effect was negated if a 
perturbaƟon effect was included. 

i. Modelling would also indicate that significantly less badgers (up to 83% less) would 
be removed during a five-year TVR approach compared to proacƟve culling (Smith 
et al, 2016). 

j. This TVR modelling was carried out using the test characterisƟcs for the 
Brock-TB StatPak test. The replacement to this test, the Dual Path Plaƞorm (DPP) 
VetTB test, demonstrated a higher sensiƟvity (80% using Band 1 only cf. 50%) and 
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therefore would detect more truly bTB infected badgers (Jinks et al, 2019) and this 
may indicate that use of the DPP test would be more effecƟve than the modelling 
suggests (specificity values are similar for both tests, circa 93%). Moreover, a 
proporƟon of the truly negaƟve badgers will be protected through vaccinaƟon. 

Summary on TVR (OpƟon iii) 

From infecƟous disease control principles and modelling outputs, WR could have a 
posiƟve impact on both badger and caƩle bTB levels but the imperfect nature of the DPP 
test and of BCG vaccine efficacy may suggest that it may take a longer Ɵme period to 
achieve an equivalent end point as proacƟve culling (although modelling results are 
equivocal on this point). SelecƟve culling will remove significantly less badgers and this 
may lessen social perturbaƟon (cf. proacƟve culling) and hence the risk of any 
perturbaƟon effect. However, to date, no field trials have been undertaken to formulate 
evidence to support or refute a TVR approach. 

iv. Enhanced TVR 
a. Even in heavily infected badger populaƟons (30-40% bTB prevalence; Murphy et alt 

201 Oh the majority of badgers that are removed during a proacƟve cull will not 
have bTB. 

b, Visual inspecƟon of the TVR project would suggest that there is heterogeneity of 
badger bTB infecƟon across the 100km2 study area. This would again indicate that 
there may be a significant proporƟon of a potenƟal badger intervenƟon area 
where badgers would be culled that may not be infected with bTB (Menzies, 
personal communicaƟon). Heterogeneity of badger bTB infecƟon across social 
groups over Ɵme is also observed within the 
Woodchester Park study area in England (Carter et al, 2012). 

c. At a county level within Ireland, badger apparent prevalence varied from <3.5% 
culture posiƟve (e.g. Co. Monaghan) to >17% (e.g. County Clare) based on 
animals culled from 2007-2012 (Byrne et al, 2015). 
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d. Modelling results from the Kilkenny study (Aznar et al, 2018) stated that 'with 
vaccinaƟon coverage in badgers exceeding 30%, eradicaƟon of M. bovis in 
badgers in Ireland is feasible, provided that the current control measures also 
remain in place' (see vaccinaƟon secƟon). This was on the basis that the true 
badger prevalence of M. bovis in endemic areas in Ireland was approximately 
18%. 

e. It raises the possibility of the potenƟal opƟon of more targeted proacƟve or 
reacƟve culling in sub-areas within a larger intervenƟon area; ie, enhanced 
TVR. While this is a conceptually available opƟon, there is currently no 
evidence that this approach would work. 

Summary on enhanced TVR (OpƟon iv) 
eTVR should work based on first principles but it is further complicated by the issue of 
a theoreƟcal perturbaƟon effect. There is a much larger degree of scienƟfic uncertainty 
associated with such an approach. Also, there are no trials or modelling outputs to 
support eTVR and the ability to idenƟfy mini-areas where you would proacƟvely cull is 
also a major issue. 

v. OpƟons ii-iv followed by vaccinaƟon 

a. For bTB eradicaƟon, the naƟonal bTB programme may need to consider the 
inclusion of a long-term strategy of badger vaccinaƟon throughout NI, conducted 
over an extended period with a high level of vaccine coverage 
(SPR page 6, para 17). 

b. Modelling results from the Kilkenny study (Aznar et al, 2018) stated that 'with 
vaccinaƟon coverage in badgers exceeding 30%, eradicaƟon of M. bovis in badgers 
in Ireland is feasible, provided that the current control measures also remain in 
place' (see vaccinaƟon secƟon). 

c. On the basis of the unpublished results of the Kilkenny and non-inferiority trials, 
Ireland is now using vaccinaƟon as a tool to limit the transmission of M. 
bovis between badgers, and from badgers to caƩle in areas where there has 
been badger culling. 

d. Ireland intend to replace conƟnued culling with vaccinaƟon, although they will 
conƟnue to cull when necessary (Houtsma et al, 2018). 
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e. There is a paucity of evidence to indicate as to when an intervenƟon would switch 
to vaccinaƟon. With efficacious serial annual proacƟve culling, a high percentage 
of badgers would be removed aŌer a four-year period (Smith and Cheeseman, 
2007). However, there is liƩle evidenƟal basis to conclude that this is long enough 
to switch to a vaccinaƟon programme to effecƟvely control bTB in a badger 
populaƟon. 

f. In Ireland, where they are gradually switching to badger vaccinaƟon from badger 
culling, their culling programme has been carried out in these areas for at least ten 
years with the inferiority trial indicated it is prudent to switch from culling to 
vaccinaƟon aŌer this length of Ɵme (O'Keeffe, 2017; Houtsma et al, 
2018). 

g. It is likely that vaccinaƟon will be required for many years, if eradicaƟon is to be 
achieved (SPR addiƟonal comments page 5, para 16; Abdou et al, 2016; Comer 
et al, 2009; Delahay et al, 2003; Robinson et al, 2012; Wilkinson et al, 2004). 

h, There is no direct evidence on the effecƟveness of vaccinaƟon following TVR or eTVR 
intervenƟons. However, one would expect a smoother transiƟon from 
TVR/eTVR to vaccinaƟon as this approach would have a relaƟvely minor impact 
on reducƟon of the badger populaƟon size and the majority of the remaining 
badger populaƟon will already have been vaccinated (cf. proacƟve culling where 
the badger populaƟon is much reduced and none of the remaining badgers have 
been vaccinated). 

Summary on OpƟons ii-iv followed by vaccinaƟon 

It appears that a longer-term badger vaccinaƟon strategy would have general scienƟfic 
support although the unpublished Irish inferiority trial presents as the only potenƟal 
field evidence that it would be effecƟve, at least in the short term. Modelling outputs 
also support follow up badger vaccinaƟon. Parameters cannot be accurately set through 
which a switch between intervenƟons to vaccinaƟon can be dictated. CircumstanƟal 
evidence would suggest that the intervenƟon switch Ɵmescale may be between 4-10 
years. 

Summary points of the scienƟfic evidence 

VaccinaƟon 

1. BCG vaccinaƟon can protect naive badgers from progression to advanced M. 
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bovis infecƟon. 

2. BCG vaccinaƟon can reduce bTB spread between badgers. 
3. BCG vaccinaƟon could with Ɵme lead to eradicaƟon of M. bovis in badgers. 

4. its efficacy in high bTB prevalence populaƟons is uncertain and there are concerns 
around whether it would be sufficient to reduce spread of infecƟon. 

ProacƟve culling 
5. MulƟ-annual proacƟve culling over large areas is the only intervenƟon with 

published field evidence that it leads to a reducƟon in caƩle bTB incidence. 

6. There is a relaƟvely strong evidence base for proacƟve culling based on two 
independent controlled field trials, so this provides less uncertainty about the 
outcome from this approach regarding achieving a reducƟon in caƩle herd 
incidence. 

7. Large scale proacƟve badger culling is currently taking place in England but there is 
insufficient evidence to allow a judgement on its effect on bTB levels in caƩle and 
any perturbaƟon effect. 

8. The majority of badgers removed through such an approach would not have 
TB infecƟon. 

PerturbaƟon effect 

9. Social perturbaƟon (i.e. disrupƟon of badger social structure) has been reported 
from Britain and Ireland. 

10. The perturbaƟon effect hypothesis (social disrupƟon leading to increase TB levels 
in badgers and consequently spilling over to caƩle populaƟons) has been reported 
in England but not in Ireland. 

11. There is a lack of evidence from Ireland of the hypothesised perturbaƟon effect. 
Although a different intervenƟon approach (reacƟve culling) was used in Ireland 
compared to proacƟve culling in England, it ulƟmately resulted in a similar scenario 
with reacƟve culling areas coalescing. 

TVR 
12. Modelling exercises have suggested that TVR should work but this is complicated 

by the issue of a hypothesised perturbaƟon effect. There is a larger degree of 
uncertainty associated with such an approach, including the risk of releasing false 
negaƟve badgers although the naive badger populaƟon would be provided with 
some protecƟon through BCG vaccinaƟon. 
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13. Preliminary analysis of data from the TVR project in NI indicated no evidence of 
badger perturbaƟon (note the qualificaƟons previously menƟoned regarding this 
project). 

14. The more focused cull effort selecƟvely removes test posiƟve badgers that 
are far more likely to have bTB infecƟon than test negaƟve badgers. 

eTVR 
15.eTVR should work on first principles but lacks modelling outputs and the caveats 

in (1244) and (1342) also apply. 
16.IdenƟficaƟon of the sub-areas for proacƟve culling is an issue. 

TBSPG approach 
17.The TBSPG approach takes account of the above informaƟon and is supported by 

independent expert advice. It incorporates a cull over a large area with a 
protecƟve TVR ring to miƟgate against any perturbaƟon effect. 

18.0n the basis of 1 og above there is an argument for not having the TVR buffer ring 
(or vaccinaƟon ring) around a cull area. This would enable the intervenƟon area to 
be used to its maximum effect. Indeed, England does not insist on a protecƟve 
vaccinaƟon ring for their industry-led cull areas. Hard boundaries, as described in 
the TBSPG report, would sƟll be used where possible as a maƩer of best pracƟce 
(as illustrated in the proposed area selecƟon approach; VEU, 
2017). 

Follow-up vaccinaƟon 

19, Targeted culling has taken place in Ireland for more than 10 years. 
20. In some culling areas, on the basis of the outcome of their non-inferiority trial 

results, Ireland are replacing culling with vaccinaƟon. This is in part due to the 
recogniƟon that long-term culling was not ecologically desirable. 

21. The longer-term outcome from use of culling followed by vaccinaƟon remains 
unknown. 

Discussion of the scienƟfic evidence 

There was agreement that badger intervenƟon was necessary and that its purpose was 
to break the cycle of spread of infecƟon between badgers and caƩle. Both species need 
to be targeted, therefore caƩle measures are required to reduce the risk of conƟnued 
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spread of infecƟon to the badger populaƟon. The tong term strategic aim is to use 
vaccinaƟon to protect badgers and reduce intra- and interspecies spread. It is most 
likely that badger vaccinaƟon will be required as an integral part of the TB programme 
for many years. In discussion, it was agreed in principle that applicaƟon of biosecurity 
measures should also be encouraged to reduce spread between the species. 

The current scienƟfic evidence base would suggest that moving immediately to 
vaccinaƟon only is not an effecƟve opƟon as its efficacy in high bTB prevalence badger 
populaƟons is unlikely to be sufficient to reduce the spread of infecƟon. It is generally 
agreed that a reducƟon of the infecƟon load within a badger populaƟon is required to 
enable vaccinaƟon to then be uƟlised in the control of bTB. 

To date, most of the published evidence is linked to the effect of repeated proacƟve 
culling on caƩle disease levels over a range of Ɵmescales. Indeed, the two controlled 
trials both show posiƟve impacts of proacƟve culling within intervenƟon areas. Use of 
proacƟve culling is indiscriminate and therefore a high proporƟon of the badgers 
removed are not infected (up to 83% more badgers removed than with a TVR approach 
over five years). It will create disturbance of the local badger populaƟon within and 
immediately outside of the intervenƟon area. The evidence for proacƟve culling causing a 
perturbaƟon effect is mixed. However, badger ecology in NI would be considered to be 
more aligned to that within Ireland (as the island can arguably be considered as one 
epidemiological unit) where no significant perturbaƟon effect was observed. Moreover, 
there is evidence to suggest that the benefits of a proacƟve badger cull have been 
maintained for a number of years post-intervenƟon within cull zones within both Ireland 
and GB. Increased herd risk in the periphery of the RBCT, associated with the 
perturbaƟon effect hypothesis, was also found to be transitory. 

From first principles of infecƟous disease control and modelling outputs, TVR has the 
potenƟal to remove infected badgers and build a protected populaƟon with significantly 
less disrupƟon to the exisƟng populaƟon. In his assessment of the TVR approach in his 
ScienƟfic Review, Professor More stated that there were a number of factors that could 
reduce its effecƟveness, including test sensiƟvity and the perturbaƟon effect. However, 
the sensiƟvity of the DPP test has subsequently been calculated to be 80% (higher than 
the 50% used in the published models) and the early indicaƟons from the TVR study are 
that there is no evidence of badger perturbaƟon. No field trials aimed at assessing the 
impact of a TVR approach on caƩle bTB herd incidence have been carried out, which 
adds uncertainty to the outcomes from such an approach (cf. proacƟve culling). 
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For potenƟal cull intervenƟons, there is a shortage of evidence of the metrics that 
could be used to determine when culling can stop and be replaced by vaccinaƟon. For 
proacƟve culling, this probably lies between 4-10 years based on indirect field 
observaƟons but is less defined for a TVR approach. 
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