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A B S T R A C T   

Bovine tuberculosis (bTB) is a globally distributed zoonotic disease with significant economic impacts. Control 
measures in Great Britain include testing for and culling diseased animals. Farmers receive compensation for the 
value of culled animals, but not for the consequential costs of having to comply with testing and associated 
control measures. Such uncompensated costs can be significant. We present results of a survey of 1,600 dairy and 
beef farm holdings conducted in England and Wales to update and improve estimates of these consequential 
costs.Estimated costs are positively skewed and show considerable variance, which is in agreement with pre-
vious, smaller scale surveys of bTB: most farms experiencing bTB incur modest costs but some suffer significant 
costs. Testing, movement restrictions and output losses account for over three quarters of total uncompensated 
costs. Total costs rise with herd size and duration of controls. The composition of consequential costs changes as 
total costs increase, with an increasing proportion of the costs being associated with output losses and movement 
restrictions, and a decreasing proportion of costs associated with testing costs. Consequential costs tend to be 
higher for dairy than beef herds but this is likely due to larger herd sizes for dairy.Overall we find the total farm 
costs of bTB surpass those compensated for by Government in Great Britain. This study contributes to the public- 
private cost-sharing debate as farmers bear some of the economic burden of a disease breakdown. The meth-
odology and results presented are crucial for informed Government and farmer decision-making. The identifi-
cation of potential risk factors in this study was challenging but is of relevance outside GB.   

1. Introduction 

Bovine tuberculosis (bTB) is distributed globally with significant eco-
nomic impacts (World Bank, 2010). As with other infectious zoonotic 
livestock diseases, policy interventions are merited by the externality ef-
fects of bTB on human health and agricultural productivity. Yet in-
terventions need to balance the interests of different groups. For example, 
protecting the health of consumers and farm workers, contributing to the 
viability of livestock production, maintaining value for taxpayer money 
and satisfying export markets’ expectations about disease controls. An 
understanding of farm-level costs contributes to the process of designing 
interventions, but information on costs is often incomplete (Anon, 2006; 

Hennessy and Wolf, 2015; Saatkamp et al., 2016). 
Policy measures targeting bTB in the United Kingdom date from at 

least the late 19th century but increased in breadth and depth during the 
20th century to greatly reduce disease incidence, although incidence 
rates have risen again more recently. On-farm control measures focus 
primarily on routine testing (at six to 12 monthly intervals, or longer in 
low risk cases) to identify infected animals which are then culled, with 
remaining animals retested at approximately two-monthly intervals 
until no more positive cases are detected. Movements of animals on and 
off farm are severely restricted whilst awaiting retesting (Godfray et al., 
2018; AHVLA, 2014). 

Farmers are compensated for the direct economic losses due to 
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culling animals, with valuations usually taken from agreed standardised 
tables reflecting age, sex and breed differences.1 However, there is no 
support for other consequential economic losses arising from the re-
strictions, control and after-effects of a bTB breakdown. For example, 
submitting animals for testing, isolation and maintenance of animals, 
and output losses from disruption to normal movement patterns. Such 
uncompensated consequential costs (CC) may be significant, yet no 
studies of consequential costs have been conducted recently in the UK. 

Past studies of bTB have developed and widened the categories of 
these CCs within the sector through empirical investigations of cattle 
farmers (Bennett et al., 2004; Garforth et al., 2005; Sheppard and 
Turner, 2005; Butler et al., 2010). These studies are generally from small 
samples, ranging from 8 to 160 farms, using a mixture of qualitative and 
quantitative approaches to explore the economic costs of a bTB break-
down at the farm level. Even so, these studies tend to identify much 
heterogeneity across farms, both in terms of systems but also the 
severity, duration and recurrence of breakdowns, all of which influence 
costs incurred. Butler et al. (2010) adopted a case-study approach (of 
eight farms) to provide greater detail of a bTB breakdown and the results 
indicate variability in the level and composition of costs across different 
farm circumstances, including size and nature of herds but also the 
spatial configuration of businesses, e.g., farms with multiple holdings 
face additional movement restriction issues. 

There is much variation in the literature as to how CCs are cat-
egorised and estimated (Saatkamp et al., 2016). Only a small number of 
studies have attempted to both identify and quantify CCs of bTB (Ben-
nett et al., 2004; Butler et al., 2010). Furthermore, no study has been 
undertaken recently to update available estimates of the CCs of bTB. The 
majority of studies focus on the UK where government and local 
agencies have evolved strategies for intervention to mitigate bTB 
through both compensation for direct losses, but also management of 
wildlife reservoirs (Fitzgerald and Kaneene, 2013). This also represents 
the significant proportion of public expenditure focused on management 
and eradication of bTB within farming policy in England and Wales 
(Broughan et al., 2016; Little et al., 2017). This has led to discussion of 
some market-based alternatives for managing the disease such as 
risk-based trading or management of transmission routes (Godfray et al., 
2018). Therefore, to inform the policy debate on alternative 
market-based management approaches a robust and updated estimate of 
the economic losses experienced by farmers is required. Hence, the 
objective of this study was to identify and update estimates of the CCs of 
a bTB breakdown in England and Wales to understand these economic 
losses further. This paper reports the results of a large (c.1,600 farms) 
stratified survey commissioned by UK government bodies to update 
estimates of consequential costs, conducted in 2019 across parts of En-
gland and Wales. 

2. Material and methods 

2.1. Questionnaire development 

To inform the design of the survey questionnaire and sampling 
frame, a rapid evidence appraisal (REA) was conducted. This approach 
deploys an agreed protocol in terms of publication databases and search 
terms, but takes less time than a full systematic review (Petticrew and 
Roberts, 2006; Kirk, 2013; Barnes et al., 2020, see Supplementary Ma-
terials). Following the REA, uncompensated consequential costs (CCs) 
were defined as costs arising from compliance with bTB control mea-
sures other than the actual culling of animals, thereby including some 
direct costs (e.g., submitting animals for testing) and indirect costs (e.g., 
loss of output value from disrupted trading patterns). To achieve a larger 

sample than in previous studies, the survey was designed for telephone 
interviews. 

An iterative process of questionnaire design was employed (Barnes 
et al., 2020) through discussion with farmers, focus groups and testing 
across small samples of farmers selected by the National Farmers’ Union. 
This was then formally piloted with 100 farms drawn from an APHA 
(Animal Plant Health Agency) derived sampling frame. 

The final questionnaire (see Supplementary Materials) consisted of 
several sections including: a) information on the cattle enterprise; b) 
economic cost of most recent bTB breakdown; c) longer-term impact of 
the bTB breakdown; d) confidence identifying costs of a breakdown; and 
e) any other comments related to the CCs associated with a bTB 
breakdown. Table 1 shows the CCs (see Supplementary Materials). 

2.2. Sampling frame design 

APHA hold data profiling bTB breakdowns including start and end 
dates plus the number of animals tested, culled and confirmed as 
infected. They also hold some profile data on affected farms including 
herd type, size and location plus the number of previous breakdowns. 
The REA and discussion with experts indicated that variables such as 
these were important in explaining variation in breakdown costs. For 
example, all other things being equal, a longer breakdown affecting a 
larger herd would be expected to incur higher CCs than a shorter 
breakdown affecting a smaller herd. 

The sampling frame to achieve the overall target sample size of 1,500 
was designed around a six-way classification: location (four risk areas – 
High Risk and Edge areas in England; High and Intermediate TB areas in 
Wales); herd type (beef or dairy); herd size (four categories); number of 
confirmed animals (0, 1, 2–3, >3); breakdown duration (four 

Table 1 
Identified uncompensated consequential cost categories from past literature.  

Costs Composed of 

Testing Labour (Arranging tests. Gathering animals.); Other Costs 
(Equipment costs. Delays to other farm tasks. Lower 
(stresses) milk yields and/or live weight gain);Structural 
Costs (Shifts in marketing (e.g., direct to slaughter)). 

Isolating Animals Labour (Additional handling, including milking, of separate 
animal groups); Other Costs (Additional housing and 
bedding. Additional biosecurity). 

Slaughtering Labour (Admin from arranging valuation, haulage and 
slaughter); Other costs (Destruction of contaminated slurry/ 
manure; Loss of milk output, & possible loss of market value 
on other animals); Structural (Persistent change in herd size; 
Loss of bloodlines/productivity). 

Replacement Labour (Identifying and viewing candidate animals); Other 
Costs (Staff travel and animal haulage. Temporary reduction 
in milk yield or live weight gain during settling-in); 
Structural costs (Persistent change in herd size, loss of 
bloodlines/productivity. Increased biosecurity 
expenditures). 

Cleansing and 
disinfection 

Labour (Cleansing); Other Costs (Disinfectant. Cleaning 
equipment and maintenance); Structural (Possibility of 
reinfection if cleansing imperfect). 

Movement 
restrictions 

Labour (Additional animal handling); Other Costs 
(Additional housing, bedding and feed requirements. 
Disruption to planned animal purchases and sales. Loss of 
market value.); Structural costs (Delay or abandonment of 
planned investments/expansion). 

Output Losses Expected sales against actual sales but category of output. 
Staffing changes Labour (Attracting and interviewing replacement staff); 

Other Costs (Redundancy pay); Structural Costs (Persistent 
loss of skilled labour reduces animal welfare & 
productivity). 

Changing debt levels Labour (Arranging finance for cash flow/investment needs); 
Other Costs (Interest payments and fees for additional 
finance) structural costs (Delays/abandonment of planned 
investments/expansion).  1 Monthly compensation payments from Defra are available here: https:// 

www.gov.uk/government/publications/bovine-tb-historical-compensation- 
value-tables 
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categories); and number of breakdowns experienced over the period 
2012–2018 (1, 2, >2). The choice of a six-way classification was guided 
by previous studies, expert opinion, initial investigation of data from 
APHA and the sponsors’ views. More detailed information on the sam-
pling strategy is given in Supplementary Materials, as well as Barnes 
et al. (2020). 

A market research firm administered the questionnaire between 
August and October 2019, attempting to call each farmer six times 
before classifying them as ‘refused’. On a first call, farmers were asked to 
arrange a convenient time for a second call to conduct the actual 
interview. The final achieved sample was 1,604, slightly over the 1,500 
target due to a government policy requirement to interview all willing 
participants even if the sub-quota for their class was already filled. 
Overall, all marginal sub-quotas within the six-way stratification were 
achieved, except for two which were close to being fulfilled (see Sup-
plementary Materials), giving confidence that the sample is statistically 
representative. 

2.3. Data processing 

Survey participants were asked to report financial values for costs 
incurred but where they were unable to express costs in financial terms 
they were invited to answer in physical units, which were converted to 
financial values. More information on survey and APHA data processing, 
which was extensive, is contained in Supplementary Materials, with 
more detail in Barnes et al. (2020) along with definitions of the resulting 
subset of data fields that are analysed here (see Supplementary 
Materials). 

2.4. Data analysis 

Summary statistics were estimated for the total costs and for costs per 
breakdown for 9 different cost categories, and for key variables that 
characterize herds and breakdowns, for the combined data set of 1,604 
surveys linked with the APHA data, both overall and by key risk factors. 
These exploratory statistics included quartiles, as well as percentage of 
missing values and zero costs. Means and standard deviations were also 
calculated but because the cost data are skewed some results focus on 
the median and interquartile range. Spearman’s correlation coefficients 
were calculated to investigate association of costs and key risk factors. 
All data processing and statistical analyses were carried out using 
Genstat 18th Edition (VSN International, 2015). 

3. Results and discussion 

3.1. Consequential costs and cost component shares 

Significant variation across the sample is apparent in CCs in each of 9 
cost categories (Table 2 and see Supplementary Materials) and total CCs 
(Table 3 and see Supplementary Materials). This is evident in both the 
inter-quartile ranges and standard deviations, which, relative to the 
median or mean, are consistently large for all categories. This variation 
reflects differences across the sample in terms of farm and breakdown 
characteristics. The survey results confirm findings reported in the 
literature and expert opinion that both the composition and magnitude 
of consequential costs vary greatly across breakdowns, reflecting het-
erogeneity both in the circumstances of the farm and in the timing, size 
and duration of breakdowns. Significant variation in costs associated 
with different farms (Bennett and Cooke, 2006) make it difficult to 
characterise a “typical” cost because few farms incur very high costs and 
most suffer more modest costs. 

Overall, the bulk of consequential costs are direct (but uncompen-
sated) costs. Testing costs dominate (see the % of total CCs shown in 
Table 2), followed by output losses and costs due to movement re-
strictions, with these three cost categories accounting for more than 
three quarters of consequential costs overall. This pattern is also evident 
from the percentage of farms reporting zero costs for different cate-
gories, for example, output losses (56%) and movement restrictions 
(35%) have more zeros than testing (5%). The large percentage of farms 
reporting zero output losses along with the high output loss share ac-
cording to the means (36.5% of Total Costs) being very different to the 
median (0% of Total Costs) suggest this is heavily skewed: some farms 
experienced gross output losses (4.4% of farms reported output losses in 
excess of £50K) whilst others (4.7% of farms) reported output gains. Not 
all farms experience all cost categories, either because they do not arise 
(e.g., a short duration outbreak may not impose any movement re-
striction or costs from an output loss if it does not interfere with normal 
trading patterns) and/or because farmers do not perceive any additional 
burden (e.g., if routine cleansing would have occurred anyway). Less 
than 1% of farms reported zero total costs (Table 3). 

Direct comparisons with results from previous empirical studies are 
hampered by variation in how costs are defined (Saatkamp et al., 2006); 
differences in presentational approach are impactful, but so is their 
vintage, given that farming practices and structures have changed over 
time, as have policy measures. Sheppard and Turner (2005) imply costs 
per farm per breakdown of up to c.£11,000 for dairy farms and up to £5, 

Table 2 
Estimated consequential costs (£) per breakdown, per business by cost category (n = 1,519–1,592) with cost component shares shown in brackets (%).  

Cost Category 25% 
tile 

Median (%a) 75% 
tile 

Inter-quartile 
Range 

Mean (%a) Standard 
Deviation 

Missing 
Values (%)b 

Zero Costs 
(%) 

(% of Total 
CCsc) 

Testing Costsd 540 1,475 (63.7) 3937 3,397 6,323 (25.2) 24,823 3.1 5.0 (36.7) 
Costs of Isolating Animals 51 204 (8.8) 583 532 847 (3.4) 2,667 1.6 15.6 (8.0) 
Costs of Slaughtering Animalse 0 27 (1.1) 100 100 146 (0.6) 428 5.3 27.2 (2.2) 
Costs of Replacing Animals 0 0 (0.0) 208 208 523 (2.1) 2,148 3.2 61.4 (4.2) 
Costs of Cleansing and 

Disinfecting 
59 127 (5.5) 278 219 299 (1.2) 593 1.4 7.1 (5.9) 

Costs of Movement Restrictionse 0 484 (20.9) 3749 3,749 5,369 (21.4) 15,694 3.6 34.6 (19.3) 
Gross Output Lossesf 0 0 (0.0) 4318 4,318 9,150 (36.5) 32,520 2.3 55.7 (20.0) 
Costs of Staffing Changes 0 0 (0.0) 0 0 159 (0.6) 1,663 0.7 92.8 (0.4) 
Costs of Changing Debt Levels 0 0 (0.0) 14 14 2,282 (9.1) 41,726 1.7 73.2 (3.2)  

a median and mean also expressed as a percentage relative to the total median and mean over the cost categories. 
b ‘missing’ values indicate the percentage of respondents who did not provide a direct financial cost or physical estimate (i.e. Don’t know or Refused) for > 50% of 

the data columns that contribute to the aggregate and gross outliers identified and omitted using a systematic approach. 
c this is the mean over respondents of the percentage of each cost category expressed relative to the total cost per respondent, for those who reported no negative 

costs, and who had no missing cost categories (n = 1237) 
d Testing costs have been estimated using survey responses for the first test, scaled-up by the estimated ‘test load coefficient’ derived from total number of test days 

and animals tested over the breakdown. 
e net of savings. 
f including carcass condemnation at abattoir for animals sent prior to breakdown. 
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500 for beef farms, but with medians of c.£1,100 and £600 respectively, 
and costs of movement restrictions of up to £14,000 for dairy and c.£4, 
000 for beef per breakdown, but with a median around zero for both 
farm types. Bennett et al. (2004) report testing costs of up to £11,000 per 
breakdown, but medians of £1,350 and £800 for dairy and beef farms 
respectively, costs of isolating animals of up to £6,000 per breakdown, 
but a median of about £200. 

Fig. 1 presents how the share of total CCs contributed by each cost 

category changes as total CCs increase. For lower total CCs testing costs 
dominate, however, output losses and movement restrictions become 
relatively more important as total CCs increase, whilst testing, isolation 
and cleansing costs become relatively less important, reflecting differ-
ences across the sample in terms of farm and breakdown characteristics. 
Whilst other cost categories consistently represent a relatively small 
share of the overall cost, relative costs of replacing or slaughtering an-
imals decrease with increasing total costs, and relative costs due to debt 

Table 3 
Estimated total consequential costs (£) per breakdown, per business (n = 1,558).  

Cost Category 25%tile Median 75%tile Inter-quartile Range Mean Standard Deviation % Missing Values % Zero Costs 

Total Consequential Costs 1,750 6,554 22,518 20,768 23,636 52,233  2.9  0.8 

Note that the values in each column of Table 2 cannot be summed to the overall total CCs in Table 3. This is because of variation in the number of missing values in each row but 
also because the percentile ranking of observations varies across the rows, since the ranking process is carried out independently for each cost category. 

Fig. 1. Share of estimated total CCs contributed 
by each cost category as total CCs increase. Cost 
component shares of consequential costs, for 
each decile of total costs (£s). (a). In each decile 
the mean of each cost category is expressed as a 
percentage relative to the total mean over the 
cost categories (n = 127–156 per decile, 
n = 1,485–1,558 over all deciles). (b). In each 
decile the mean over respondents of the per-
centage of each cost category expressed relative 
to the total cost per respondent, for those who 
reported no negative costs, and who had no 
missing cost categories (n = 90–134 per decile, 
n = 1,237 over all deciles). All plots are spline 
smoothed (df=20).   
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or staffing changes increase. 

3.2. Consequential costs and key breakdown and herd characteristics 

The variation in total CCs is explored further in Table 4 (see Sup-
plementary Materials) for different classifications within the data set. 
Sampling for the survey was stratified by classifications of six key var-
iables identified as being of policy relevance so here we summarize the 
effect of these: geographic risk area, herd type, herd size, number of 
confirmed animals, breakdown duration and number of previous 
breakdowns. In all cases, the high variation apparent within the overall 
results presented above (Table 2) is also present within different levels of 
each of these six key variables presented below (Table 4), but with 
variation increasing markedly with the medians and means. 

Differences between risk areas are small in comparison to the vari-
ation within a risk area. Dairy herds typically have higher CCs than beef 
herds but both exhibit considerable variation in costs. The broad mag-
nitudes and patterns of variation in cost as reported in our results are 
consistent with previous studies. For example, Bennett et al. (2004) 
report total costs varying between about £300 and £143,000, with the 
distribution being highly skewed around medians of about £7,000 for 
dairy farms and £3,750 for beef farms; Sheppard and Turner (2005) 
report total costs of up to £162,000, but with two-thirds of farms 
reporting less than £27,000 and the medians for dairy and beef farms 
being around £10,000 and £2,700, respectively. Although variation in 
total CCs occurs within each herd size class both costs and variation 
increase markedly with herd size and also with breakdown duration and 
number of confirmed animals (although notably not between OTF status 
suspended and no confirmed animals and OTF status withdrawn and 
only 1 confirmed animal). Herd size is one of the biggest risk factors for 
bTB (Carrique-Mas et al., 2008). The susceptibility of a larger size herd 
to bTB breakdown is also associated with correlated patterns in pur-
chasing activity, farm size and number of premises and neighbouring 
herds (Broughan et al., 2016). Higher dairy CCs are likely due to dairy 

herds being much larger than beef herds (see Supplementary Materials) 
and also having slightly longer and more severe breakdowns (see  
Table 5) rather than difference in farm type per se. The duration of a 
breakdown depends on the efficacy of measures to clear the infection. 
This is likely to be affected by a number of factors including breakdown 
management, within-herd prevalence at the outset of a breakdown, 
cattle-to-cattle transmission and continued reinfection (Lawes et al., 
2016). Dairy herds also have a tendency for more repeat breakdowns 
compared to beef herds. Having said that, these associations of herd and 
breakdown characteristics with herd type exhibit wide variation which 
increases with the larger means and medians seen for dairy herds – 
although variation relative to the means and medians is much smaller 
than the variation seen in CCs (Tables 2 and 4). 

Examining associations of CCs with APHA data using correlations 
(see Supplementary Materials), total CCs are correlated with the 
maximum herd size at the time of the breakdown (ρ = 0.46) as are 
testing costs (ρ = 0.57). Correlations of costs due to isolating animals 
and movement restrictions with herd size are more marginal (ρ = 0.27, 
ρ = 0.26, respectively). Correlations with breakdown duration are lower 
than those seen with herd size (total CCs: ρ = 0.28; testing costs 
ρ = 0.36; isolation ρ = 0.13; output losses ρ = 0.14). Correlations with 
the number of previous breakdowns and with number of confirmed 
animals are even lower (total CCs: ρ = 0.17; testing costs ρ = 0.22, 0.21, 
respectively). Notably, several potential explanatory variables are 
correlated with herd size (see Supplementary Materials Correlations, 
breakdowns in previous 5 years ρ = 0.38, proportion of overlap of 
calving with breakdown ρ = 0.33, breakdown duration ρ = 0.30, pro-
portion of overlap of selling animals with breakdown ρ = 0.29, and 
average annual milk yield per cow ρ = 0.28) whilst confirmed animals 
and breakdown duration are more strongly correlated (ρ = 0.47). 

All of this suggests that while there are clearly some associations 
between costs and herd and breakdown characteristics, complex statis-
tical modelling is needed to investigate whether it is possible to identify 
which potential risk factors have the most impact. For example, see 

Table 4 
Estimated total consequential costs (£) and variation across the full survey sample by six key variables (risk area, herd type, herd size, number of confirmed animals, 
duration of breakdown and number of breakdowns in previous 5 years).   

n (%) 25%tile Median 75%tile Inter-quartile Range Mean Standard Deviation % Missing Values % Zero Costs 

Risk Areaa 

E HRA 1,131 (71) 1,684 6,103 21,205 19,521 22,048 48,343 2.65 0.62 
W HTBA 247 (15) 2,361 7,205 22,559 20,198 27,441 66,368 2.43 2.43 
E EDGE 174 (11) 2,519 7,382 28,118 25,598 28,643 55,947 5.17 0.00 
W ITBA 52 (3) 1,781 7,208 29,661 27,880 23,725 43,896 1.92 0.00 
Herd Type 
Beef 1,006 (63) 1,377 4,348 15,914 14,537 15,952 34,337 2.68 0.99 
Dairy 598 (37) 3,837 11,472 35,612 31,775 36,627 71,312 3.18 0.50 
Herd Size 
1–74 412 (26) 761 1,895 7,253 6,492 8,068 18,017 2.91 1.94 
75–161 427 (27) 1,582 4,572 15,669 14,087 14,741 31,654 2.34 0.47 
162–308 381 (24) 3,055 9,374 25,993 22,938 25,122 45,237 2.89 0.79 
> 308 382 (24) 6,209 18,643 52,203 45,993 48,935 83,476 2.88 0.00 
Number of Confirmed Animalsb 

0 522 (33) 1,537 5,102 16,283 14,745 19,017 46,555 2.30 0.19 
1 589 (37) 1,501 5,147 18,975 17,474 17,892 34,915 3.06 1.36 
2–3 264 (16) 2,853 9,618 26,717 23,864 29,250 62,272 2.65 1.14 
> 3 229 (14) 4,030 15,524 44,349 40,319 42,694 78,205 3.93 0.44 
Duration of Breakdown (days) 
≤ 150 355 (22) 1,380 4,554 15,460 14,080 14,652 32,109 3.38 0.56 
151–184 453 (28) 1,306 3,805 11,837 10,531 12,174 22,131 2.87 1.55 
185–273 418 (26) 1,977 7,686 24,215 22,239 28,063 64,094 2.63 0.24 
>273 378 (24) 4,688 15,953 45,705 41,018 40,817 70,234 2.65 0.79 
Breakdowns in Previous 5 Years 
0 534 (33) 1,122 4,572 14,698 13,576 16,095 35,319 3.56 1.50 
1 500 (31) 1,884 7,073 24,938 23,054 24,781 48,135 2.40 0.60 
> 1 570 (36) 2,606 8,821 27,122 24,516 29,626 66,209 2.63 0.35  

a England High Risk Area (E HRA), Wales High TB Area (W HBTA), England Edge Area (E EDGE), Wales Intermediate TB Area (W ITBA). 
b This variable also indicates the final Officially Tuberculosis Free (OTF) status associated with the breakdown, that is suspended (confirmed animals=0) or 

withdrawn (confirmed animals>0) 
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Supplementary Materials Scatterplot matrix shows the association be-
tween herd type, herd size and duration. This indicates that CCs vary to 
some extent with all these variables but these three risk factors are 
clearly confounded suggesting it may not be possible to disentangle their 
effects. 

The exploratory analysis presented here thus needs to be interpreted 
with caution. Identifying risk factors driving the CCs of bTB is chal-
lenging given that the cost data is heavily skewed and very variable, and 
given the confounding nature of different aspects of a disease break-
down and herd characteristics. The variation in farming systems and 
breakdowns make it difficult to understand drivers of economic impact 
of a bTB breakdown (Sheppard and Turner, 2005). 

3.3. Qualitative survey data 

When asked about the impact of culling and movement restriction 
during the breakdown (see Supplementary Materials) 20% said there 
was no impact, around 50% of respondents said they had delayed or lost 
sales of store animals whilst 26–16% said they had delayed or lost sales 
of breeding animals, delayed buying-in of replacement breeding ani-
mals, lost milk sales, delayed buying-in of store animals for finishing, 
delayed or lost sales of finished animals. 

About 1 in 10 said they did not experience impacts beyond the end of 
the breakdown (see Supplementary Materials), whereas the most 
commonly reported impact (70% of survey respondents) was the 
increased use of biosecurity. This echoes findings from previous work 
and wider animal health behavioural studies (e.g., Nöremark et al., 
2009; Toma et al., 2013) that exposure to a breakdown leads to more 
acute perception of ways to manage animal health and disease. Other 
reported effects show impacts on growth in terms of business potential 
and productivity. For example, 30–36% reported delayed or abandoned 
expansion plans, loss of better-quality breeding stock (including health 
status), reductions in herd size and carrying more young stock to hedge 
against losing some breeding replacements. More extreme examples 
such as exiting from beef or dairy enterprises as a whole were reported 
(3–12%). A history of bovine TB on farm can affect the well-being of 
farmers (Crimes and Enticott, 2019). Our study supports this: a small 
number (6%) stated other effects including psychological and emotional 
stress of the outbreak, more pessimism but also more working on 
non-farm enterprises. 

3.4. Further discussion 

Farmers have a responsibility to generate and maintain records to 
comply with legal obligations in relation to disease control. As such, 
farmers have an important role to play in recording data which not only 
contributes to more efficient farm management but also informs surveys 
such as that described in this paper. As with previous surveys and case- 
studies of bTB costs on UK farms (Bennett et al., 2004; Butler et al., 
2010) this study relied upon self-reporting by farmers. Pragmatically, 

this was unavoidable within the time and budget constraints available. 
However, the accuracy of self-reporting is often questioned; future 
standardised data collection via third-party monitoring could address 
this concern and better data will help assess the cost-sharing balance of 
zoonotic diseases between Government and farmers. 

Risk-based sharing management and policy will be crucial in 
adapting to change as support mechanisms change post-Brexit. The 
Agriculture Act 2020 has replaced the Common Agricultural Policy since 
the UK left the EU. The Bill recognises animal health as a public good 
and includes measures to improve animal health and welfare. A ‘public 
money for public good’ approach will be phased in under the Bill. Under 
this new regulation, direct payments will be phased out and farmers 
incentivised to produce public goods that improve animal health and 
welfare. These improvements should contribute to improving produc-
tivity, sustainability and resilience of farms to prepare for changes 
outside of the EU. Schemes to protect animal health and welfare will also 
go some way to mitigating or adapting to the impact of climate change 
by improving the control of climate sensitive diseases, which in turn will 
strengthen food security. 

bTB fits within a complex socio-economic landscape (Robinson, 
2017) which may explain variability in farmer participation towards 
biosecurity arrangements (Hamilton et al., 2019). Nevertheless, little is 
known around UK consumer perceptions towards either the level of 
compensation payments nor awareness towards risk factors from TB 
within the meat supply chain. The majority of past work has focused on 
perceptions of control methods (Enticott, 2015; Keenan et al., 2020). 
This conflicted narrative requires a balance between Government 
pragmatism towards how it compensates farmers for losses, but also 
support for engagement in control measures from the public, farmers 
and representative bodies. 

4. Conclusions 

In this study we present updated and robust estimates quantifying 
the consequential within-breakdown costs of bTB with a large repre-
sentative survey of farmers in England and Wales. Consequential costs 
are composed of both direct and indirect costs for which producers are 
not compensated. The methodology and results presented are important 
for well-informed livestock disease policy making for bTB and other 
livestock diseases, and we believe that the exploratory identification of 
potentially important risk factors, and the relative importance of 
different types of herd, will be of general relevance outside GB. 

Here we present consequential costs in relation to key variables that 
characterise herds and breakdowns. Identifying the contribution of in-
dividual risk factors to costs is challenging however, because costs are 
heavily skewed and very variable and the numerous potential explana-
tory variables that characterise herds and breakdowns associated with 
this survey data set are confounded. Therefore, whilst the exploratory 
analysis presented here is of interest, identified associations with po-
tential risk factors should be interpreted with caution. Accordingly, 

Table 5 
Summary of sample variation in herd size, number of confirmed animals, duration of breakdown and number of breakdowns in previous 5 years by herd type.   

n (%) 25%tile Median 75%tile Inter-quartile Range Mean Standard Deviation 

Herd Type  Herd Size    
Beef 1,004 (63) 50 98 182 132 139 136 
Dairy 598 (4) 184 298 454 270 365 330 
Herd Type  Number of Confirmed Animals    
Beef 1,006 (63) 0.00 1.00 2.00 2.00 1.80 3.33 
Dairy 598 (4) 0.00 1.00 2.00 2.00 2.41 5.86 
Herd Type  Duration of Breakdown (days)    
Beef 1,006 (63) 151 176 248 97 216 114 
Dairy 598 (4) 159 203 307 148 265 170 
Herd Type  Breakdowns in Previous 5 Years    
Beef 1,006 (63) 0.00 1.00 2.00 2.00 0.98 1.04 
Dairy 598 (4) 1.00 1.00 2.00 1.00 1.52 1.12  
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more extensive examination and statistical modelling of the risk factors 
on overall and main cost categories, as well as extrapolating from the 
survey to the full population of more than 30 thousand breakdowns over 
time would provide more support for some of the risk factors identified 
here. 

As we have shown in this study, zoonotic diseases, such as bovine TB, 
have economic costs that go beyond the direct impacts compensated by 
Government. Therefore, this study contributes to the public-private cost- 
sharing debate as farmers bear some of the economic burden of a disease 
breakdown. Given the complex, but informative, findings detailed in this 
paper, there would be value in making more effort to emphasise the full 
costs of breakdowns to farmers and policy makers as well as a more 
targeted control policy and compensation which includes consequential 
impacts. 
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