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ARTICLE INFO ABSTRACT

Keywords: Livestock health is a key concern for all food system stakeholders and has considerable impacts upon sustainable
Disease o food production. Improving productivity means that a set quantity of milk or meat may be produced at a lower
gre?n]imuse 8as emissions economic cost, using fewer resources and with reduced greenhouse gas emissions (GHGe); however, diseases that
ealt . reduce yield, growth or fertility have the opposite effect. The purpose of this narrative review was to assess the
Technologies . . . e . . 1 .
Vaccines breadth of economic and environmental sustainability information relating to cattle health within the literature

and to discuss related knowledge gaps within the literature. The mechanisms by which improved awareness and
investment can lead to improved cattle health both on-farm and across the wider cattle industry are also
appraised; concluding with the opportunities and challenges still outstanding in improving sustainability through
livestock health. The economic and environmental impacts of cattle health have not been sufficiently quantified
in the literature to draw valid conclusions regarding the sustainability impact of different diseases. Where
available, economic data tended to be dated or extremely variable. Furthermore, environmental analyses did not
use consistent methodologies and principally focused on GHGe, with little attention paid to other metrics.
Although reducing disease severity or occurrence reduced GHGe, published impacts of disease varied from 1% to
40% with little apparent association between GHGe and industry-wide economic cost. An urgent need therefore
exists to standardise methodologies and quantify disease impacts using a common baseline with up-to-date data
inputs. Given the threat of antimicrobial resistance, improving cattle health through technology adoption and
vaccine use would be expected to have positive impacts on social acceptability, especially if these improvements
rendered milk and meat more affordable to the consumer. Therefore, it is important for cattle producers and
allied industry to take a proactive approach to improving cattle health and welfare, with particular focus on
diseases that have the greatest implications for sustainability.

1. Introduction

The world population currently stands at over 7.2 billion people and,
by 2050, is predicted by the United Nations' to rise to 9.6 billion people,
of which the majority will live in the developing world and will have a
considerable increase in income per capita compared to the present day.
The demand for animal-source foods (milk, meat and eggs) increases
linearly with household income, thus the Food and Agriculture Orga-
nization (FAO) of the United Nations predicts a 48.6% increase in food

* Corresponding author.
E-mail address: jcapper@harper-adams.ac.uk (J.L. Capper).

requirements to fulfil global demands in 2050.? Projected population
gains will also intensify competition for resources (land, water, energy),
therefore the livestock industry faces a substantial challenge in
concurrently increasing food production, reducing environmental im-
pacts and improving animal health and welfare (Buller et al., 2018).
Sustainability is commonly defined as a balance between three pil-
lars: environmental responsibility, economic viability and social
acceptability (de Wit et al., 1995; United Nations®). All three factors are
interdependent, varying in importance according to temporal challenges

1 See: United Nations, 2017. World Population Prospects: The 2017 Revision, Key Findings and Advance Tables. Working Paper No. ESA/P/WP.248. https://
population.un.org/wpp/publications/files/wpp2017_keyfindings.pdf (accessed 2 May 2023).

2 See: FAO, 2017. The Future of Food and Agriculture. https://www.fao.org/3/i6583¢/i6583e.pdf (accessed 2 May 2023).

3 See: United Nations, 2005. 2005 World Summit Outcome. https://www.un.org/en/development/desa/population/migration/generalassembly/docs/global-

compact/A_RES_60_1.pdf (accessed 2 May 2023).
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arising from markets, government, climate or resource use. For example,
without financial security and the ability to secure adequate return on
investment, few farming operations will succeed. However, failing to
take responsibility for environmental impacts of livestock production
may have direct (e.g. penalties for pollution incidents) or indirect (e.g.
reductions in animal or crop performance) economic consequences, in
addition to reducing consumer confidence and therefore social accept-
ability of the production system.

Excellent animal health is the foundation of successful, sustainable
livestock farming systems as defined by the three pillars. Diseased
livestock do not perform as well as their healthy cohorts, leading to
important consequences for herd or flock efficiency, either through
subtle sub-clinical diseases that may have insidious productivity im-
pacts, or clinical diseases with visible short or long-term effects on
growth, yield, reproduction or mortality. However, as cited by the OIE,*
over 20% of global animal protein is lost to disease. This efficiency loss
increases resource use (feed, water, land, crop inputs), greenhouse gas
emissions (GHGe) and the economic cost per unit of food produced
(Capper and Bauman, 2013). The effects of poor livestock health may
further impact on social acceptability through consumer concerns and
perceptions regarding antimicrobial resistance (AMR), zoonotic disease
and other public health concerns. Although sustainability is an impor-
tant issue for all food production stakeholders, the specific impacts of
livestock health have seldom been discussed in any detail.

The purpose of this narrative review was to assess the breadth of
economic and environmental sustainability information relating to
cattle health within the literature and to discuss the current knowledge
gaps within the literature. The mechanisms by which improved aware-
ness and investment can lead to improved cattle health both on-farm and
across the wider cattle industry are also appraised; concluding with the
opportunities and challenges still outstanding in improving sustain-
ability through livestock health.

2. The evidence basis for improving health as a mechanism to
enhance sustainability

2.1. Productivity and the dilution of maintenance concept

Multiple studies have described the role of improved cattle produc-
tivity in improving economic or environmental sustainability via the
‘dilution of maintenance’ effect (Capper, 2011; Capper, 2012; White and
Capper, 2014; Hyland et al., 2016; Capper and Cady, 2020; Capper et al.,
2021). In brief, the daily maintenance nutrient requirement of an indi-
vidual animal or entire herd can be considered one of the ‘fixed’ costs of
livestock production, in that it must be met before nutrients can be
partitioned into lactation or growth. If productivity (milk yield or live-
weight gain) improves, the daily nutrient requirement increases
accordingly, but the proportion of nutrients apportioned to maintenance
are diluted out over a greater number of production units. If a dairy cow,
for example, increases milk yield per day from 15 L to 45 L, the total
daily energy cost rises from 140 MJ/day to 282 MJ/day, yet the energy
needed per unit of milk decreases from 9.4 MJ/L milk to 6.3 MJ/L milk.
We can apply the same dilution concept to both resource use and GHGe
per L of milk, all of which have an economic and environmental cost.

As shown in Table 1, cattle diseases may decrease milk or meat
yields; reduce liveweight gains (therefore requiring more time to reach
puberty, slaughter or mature weight), delay conception or parturition;
increase abortion/stillbirth; cause premature culling or mortality;
reduce feed efficiency; or result in condemnation of organs and car-
casses. These may all be regarded as operational economic losses, yet
also have considerable impacts on resource use and GHGe, as either

4 See: OIE, 2015. Animal Health - A Multifaceted Challenge. https://www.
oie.int/fileadmin/Home/eng/Media_Center/docs/pdf/Key_Documents/
ANIMAL-HEALTH-EN-FINAL.pdf (accessed 2 May 2023).
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Table 1
Potential economic and environmental effects of performance impacts imposed
by cattle diseases.

Performance impact Potential economic and environmental effects

Resources and GHGe divided over fewer units of
production

Proportion of non-productive time within lifespan
increased, thereby increasing resource use and
GHGe

Resources and GHGe invested in conception and
pregnancy not recouped by producing viable
offspring, therefore divided over fewer units of
production

Greater time to reach puberty or target weight
with consummate increases in resources and
GHGe

Resources and GHGe invested are not recouped by
milk or meat output

Resources and GHGe invested are not recouped by
milk or meat output

Reduced milk yield or carcase
weight
Failure to conceive

Abortion or stillbirth

Reduced growth rates

Increased mortality

Milk residue failures,
condemned organs or
carcases

Reduced feed efficiency Increased resources required to maintain output

GHGe, Greenhouse gas emissions

more animals or a greater amount of time is required to maintain pro-
duction (Wall et al., 2010; Wall et al., 2012). For example, calving rate
(the proportion of cows producing a live calf) is a key beef productivity
metric, which may be substantially affected by diseases that affect
fertility or cause abortion (e.g. neosporosis). In an ideal system, with
perfect reproductive health, nutrition and management, cows would
calve every twelve months, weaning a live calf each year. However, in
reality, beef calving rate varies considerably across global regions and
may be as low as 60% in extensive beef systems. Capper (2013) reported
that improving calving rate from the U.S. average of 90-100% reduced
economic costs and GHGe per kg of beef by 5.3% and 6.5%, respectively;
whereas a calving rate of 60% conferred a 36.2% increase in economic
cost and a 45.5% increase in GHGe per kg of beef compared to the ideal.
Indeed, Skuce et al.” calculated that eliminating neosporosis from a beef
herd with a 10% prevalence would reduce GHGe by 2.2%. There are
therefore considerable economic and environmental opportunities
associated with ensuring that a high proportion of cattle produce a calf
each year.

2.2. The impacts of specific diseases on economic costs and environmental
impact

The impacts of livestock disease on economic viability are important
concerns for the producer, yet the literature relating to the economic or
environmental consequences of cattle diseases is sparse, and often dated.
For example, the economic costs of endemic livestock diseases in the UK
were calculated by Bennett (2003), who reported that mastitis, lame-
ness, fasciolosis and bovine viral diarrhoea virus (BVD) had the most
substantial economic impacts (at £121 million,® £48 million®, £29
million® and £18 million® annual cost to the industry, respectively, at
1996 values) with lesser impacts attributed to leptospirosis (£12
million6), summer mastitis (£10 million6), parasitic bronchitis (£8
million6) and infectious bovine keratoconjunctivitis (£6 milli0n6). This
provides a useful ranking by which to compare diseases, however, given
the time elapsed since the analysis was conducted, does not account for
advances and improvements in animal health over the past two decades.
Even when current, economic analyses of livestock health within the
literature tend to focus on short-term direct impacts (e.g. reduced sales,

5 See: Skuce, P.J., Bartley, D.J., Zadoks, R.N., MacLeod, M., 2016. Livestock
Health and Greenhouse Gas Emissions. https://www.climatexchange.org.uk/
media/2031/livestock_health_and_ghg.pdf (accessed 2 May 2023).

6 £1 = Approximately US$1.25, €1.14 at 2 May 2023.



J.L. Capper and P. Williams

need for more replacement animals) rather than considering the wider
implications of disease on consumer price, trade and indirect costs. As a
rare exception, Barratt et al. (2019) estimated the indirect costs of cattle
disease control strategies, using a large foot and mouth disease (FMD)
outbreak in Scotland as an example, and demonstrated that when the
economic analysis was extended beyond direct costs to effects on in-
ternational trade and other commodity sectors, FMD vaccination pro-
vided a more cost-effective strategy than culling.

The literature relating to the sustainability impacts of cattle diseases
is sparse, yet it’s worth examining the economic and environmental data
relating to some of the most important cattle diseases endemic in the UK
(Table 2). According to a recent report from the Moredun Research
Institute (2022), effective control of the following diseases or syndromes
confers important opportunities to mitigate methane emissions: bovine
tuberculosis, BVD, Johne’s disease, bovine respiratory disease, infec-
tious bovine rhinotracheitis (IBR) and dairy cow lameness. It’s notable
that this list does not include mastitis. As one of the most common
disease issues on dairy farms (and to a lesser extent, in beef herds), with
an average incidence of 59.5 (18-164 range) clinical cases per 100 dairy
cows (Down et al., 2016), mastitis-induced yield reductions are associ-
ated with an inevitable economic cost. This cost is highly variable
however, with estimates ranging from £ 111° to £ 341° per clinical case
according to Down et al. (2013). This variation may partially be
explained by the range in milk loss per cases, cited by Wapenaar et al.
(2017) as ranging from a negligible amount to 1050 kg.

Given the importance of this disease to dairy producers, the impacts
on GHGe are surprisingly modest, hence mastitis not being included in
the list within the Moredun Research Institute (2022) report, yet this
should not be an unexpected finding, as the clinical effects of mastitis are
relatively minor and short-lived compared to other diseases. Statham
et al.” reported that mitigating mastitis in the average UK dairy herd
could reduce GHGe by 6%, although a greater effect (12%) was revealed
by implementing health improvement measures in the worst 10% of
herds. Hospido and Sonesson (2005) showed that reducing the incidence
of clinical mastitis from 25% to 18% and reducing sub-clinical mastitis
incidence from 33% to 18%, cut GHGe by 2.5% per kg of farm output
(milk and meat). Similarly, Ozkan et al. (2015) modelled the effects of
reduced mastitis occurrence (11% vs. 18%), lower somatic cell count
(SCC; 86,000 cells/mL vs. 217,000 cells/mL) and increased milk yield
(27.8 kg/day vs. 25 kg/day). In that scenario, dairy producers could
realise an increased gross margin per year equal to £ 253%/cow or £
0.014%/kg energy-corrected milk (ECM), an 11% reduction in involun-
tary culling and 0.02 kg (5.0%) decrease in GHGe per kg ECM. Using a
complex dynamic simulation model, Mostert et al. (2019) reported that,
on average, clinical mastitis increased GHGe per kg of
fat-and-protein-corrected milk (FPCM) by 6.2%, primarily resulting
from disease impacts on culling, yield losses and discarded milk. Within
a single lactation however, GHGe per kg FPCM increased by 5.2% in
cows with one case of clinical mastitis, to 7.5% and 10.0% in cows with
two or three cases, respectively, showing the relative importance of
repeated cases.

One of the most often investigated cattle diseases is the highly con-
tagious pestivirus BVD, which is shed by persistently infected cattle
throughout their lifetime, increasing both morbidity and mortality
(Richter et al., 2017). Control schemes have been implemented in
various countries where the disease is endemic, however, in one study of
non-vaccinated herds in Northern Ireland, Cowley et al. (2014) reported
that the herd-level prevalence of BVD was 98.5% in dairy herds and
98.3% in beef herds. Yarnall and Thrusfield (2017) suggested that BVD

7 See: Statham, J., Scott, H., Statham, S., Acton, J., Williams, A., Sandars, D.,
2020. Dairy Cattle Health and Greenhouse Gas Emissions Pilot Study: Chile,
Kenya and the UK. https://dairysustainabilityframework.org/wp-content/
uploads/2020/10/Dairy-Cattle-Health-and-GHG-Emissions-Pilot-Study-Report.
pdf (accessed 2 May 2023).
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costs up to £ 252° per cow (with an average of £46.50° per cow), which
would be equivalent to an annual total cost of £ 162° million to the UK
cattle industry, yet, as discussed by Stott et al. (2010), the impact of
secondary infection from immune suppression may substantially in-
crease this cost. Indeed, in a systematic review of economic impacts of
BVD, Richter et al. (2017) reported that the direct costs varied from £
1.93%-£ 578° per animal across regions — a huge range. The importance
of accurate economic data on disease control was highlighted specif-
ically by Pinior and Firth (2017), who commented that countries that
had economically assessed the impact of BVD were up to 10 times more
likely to implement an eradication programme. Chatterton et al. (2015)
showed that BVD could increase the GHGe per kg of beef by 12.9%, a
2.2 kg increase compared to the baseline (17.1 kg COse per kg beef
carcass), although this impact was not adjusted for disease prevalence.
Furthermore, in a pilot project examining the effects of dairy cattle
disease on GHGe, Statham et al.” reported that eradicating BVD would
cut GHGe by 4% in average UK herds, but 11% in the worst 10% of
herds. In a comparative study published by ADAS,® BVD did not have the
greatest impacts on GHGe of the cattle diseases studied, however, its
relatively high prevalence in English herds (Prosser et al., 2022) in-
dicates that its elimination would have considerable benefits. This may
be achieved, in part through implementation of government policy. For
example, Scotland’s BVD eradication scheme, which began as a volun-
tary programme in 2010 before becoming mandatory in 2013, has, to
date, resulted in 91% of Scottish herds being classified as BVD-negative
though a stringent screening programme.’ Extension of the current
BVDFree England'’ programme to become mandatory, potentially in
conjunction with the Animal Health and Welfare Pathway,'' could
therefore mitigate the impacts of the disease.

Johne’s disease causes a protein-losing enteropathy, thus impacting
milk yield and liveweight gain (van Schaik et al., 1996). The prevalence
and economic impacts of Johne’s are difficult to quantify, nonetheless,
Garcia and Shalloo (2015) suggested that for every clinically-infected
cow within a herd, another 25 cows may be infected. If the costs of
clinical cases, estimated by Gunn et al. (2004), were correct (albeit
extremely dated) at £ 26° per dairy cow and £ 17° per beef cow, this
could be equivalent to an annual cost of £ 2.8% million to the English
cattle industry, adjusted for a 45% increase in inflation between 2004
and 2017. ADAS® reported that the presence of Johne’s disease
increased GHGe by 25% per kg of milk and up to 40% per kg of beef — the
greatest impacts of any endemic diseases investigated. The seeming
disparity between the economic costs and GHGe in this case highlight
the importance of assessing disease impacts at the appropriate level.
Johne’s may cause devastating impacts in the short-term at the farm
level if a test and cull strategy is employed and therefore have a sub-
stantial effect on GHGe, yet may be diluted out at the industry level due
to the numbers of farms with a low prevalence or risk.

The viral disease IBR has persistent effects throughout the animal’s
lifetime, with respiratory and eye symptoms, reduced milk yields and
abortion, increased mortality, and reduced liveweight gain (Nettleton
and Russell, 2017). Although effective vaccination protocols allow IBR

8 See: ADAS, 2015. Study to Model the Impact of Controlling Endemic Cattle
Diseases and Conditions on National Cattle Productivity, Agricultural Perfor-
mance and Greenhouse Gas Emissions. https://randd.defra.gov.uk/ProjectDe-
tails?ProjectID= 17791&FromSearch=Y&Publisher= 1&SearchText=AC0120&
SortString=ProjectCode&SortOrder=Asc&Paging= 10#Description (accessed 2
May 2023).

9 See: Centre of Expertise on Animal Disease Outbreaks, 2023. BVD Monthly
Summary Report: Monthly Update. https://www.epicscotland.org/resources/
bvd-monthly-summary-report-monthly-update/ (accessed 2 May 2023).

10 gee: BVDFRee, 2023. What is the BVDFree Scheme? https://bvdfree.org.uk/
(accessed 2 May 2023).

11 See: DEFRA, 2022. Policy Paper: Animal Health and Welfare Pathway.
https://www.gov.uk/government/publications/animal-health-and-welfare-
pathway/animal-health-and-welfare-pathway (accessed 2 May 2023).
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Table 2
Impacts of cattle diseases on economic cost, key performance indicators and greenhouse gas emissions.

Disease Economic cost (£/year)” Milk yield  Fertility Growth Mortality Potential effect on
rate GHGe"

Mastitis £ 125-384 million to the industry®  Reduced Reduced N/A Major cause of culling Moderate

Bovine viral diarrhoea virus £ 162 million to the industry* Reduced Reduced  Reduced Increased (calves) Moderate

Johne’s disease £ 2.8 million to the industry® Reduced Reduced  Reduced Major cause of culling High

Infectious bovine £ 200 per sub-clinically infected Reduced Reduced  Reduced Increased (calves and fattening High

rhinotracheitis cow’ cattle)
Lameness £ 155-280 per case® Reduced Reduced  N/A Major cause of culling Moderate
Bovine respiratory disease £ 60 million to the industry” N/A Reduced Increased (calves) Low

GHGe, Greenhouse gas emissions
2 £1 = Approximately US$1.25, €1.14 at 2 May 2023.

b Low = <4%, Moderate = 4-8%, High = >8%; all per unit of milk or meat produced

¢ Calculated from data published by Down et al. (2013)

4 Calculated from data published by Yarnall and Thrusfield (2017) and AHDB'?

¢ Calculated from data published by Gunn et al. (2004) adjusted for prevalence and increase in inflation over time

f Statham et al., 2015
& Liang et al., 2017
h calculated from data published by Statham, 2018

to be eradicated, subclinical infection may cost up to £ 200° per infected
cow annually as a consequence of a 2.6 kg/day (up to 1000 kg per
lactation) reduction in milk yield (Statham et al., 2015). At the herd
level, ADAS® showed that IBR increased GHGe per kg of ECM by 8% and
per kg of beef by 20%; and at the industry level, Skuce et al.? reported
that eradicating IBR within the Scottish cattle herd would reduce GHGe
from cattle production by 1.5-3.0%.

Given the relatively high lameness rates within UK dairy herds
(Griffiths et al., 2018; Randall et al., 2019) and the negative effects of
lameness on milk yield, fertility, feed intake and growth, it is surprising
to note that no current, UK-specific, peer-reviewed economic data ap-
pears to exist, and only two papers have discussed the impacts of dairy
cattle lameness on GHGe. Although not directly applicable to UK sys-
tems, Charfeddine and Pérez-Cabal (2017) reported that the annual
economic cost of claw disorders in Spanish dairy herds varied from £ 45°
to £ 523 per affected cow. Similar ranges were published by Liang et al.
(2017), who used a modelling simulation to quantify total lameness
costs of £ 155° in primiparous cows and £ 280° in multiparous cows.
Mostert et al. (2018) modelled the GHG impacts of lameness due to foot
lesions, reporting that GHGe were increased by 1.5% per kg of FPCM
with a lesser impact per case of digital dermatitis (0.4% increase) than
sole ulcers (3.6%) or white line disease (4.3% increase); with the ma-
jority of the GHG impact being due to increased culling. Chen et al.
(2016) quantified the effect of lameness in cattle within a grazed dairy
operation using life cycle assessment, reporting that baseline GHGe
could be increased by up to 7.8% if the lameness rate increased from a
baseline 15%, to 70%, with a milk loss per cow of 1.80 kg/day.
Furthermore, the on-farm impacts of implementing measures to reduce
lameness incidence or severity are seldom considered. Herzog et al.
(2020), reported that introducing rubber mats to alleyways in Austrian
dairy systems increased GHGe, as although productivity improved, it
was outweighed by the environmental cost of mat procurement, instal-
lation and disposal. This shows that although the relative lack of liter-
ature on the impacts of lameness on GHGe is an important knowledge
gap, the mitigation potential of interventions also warrants further
investigation. Lameness also has potentially important social accept-
ability consequences, as many consumers only see cattle when they are
being moved on the road, with the lame animals inevitably at the back of
the herd. Lameness mitigation through proactive prevention and prompt
treatment therefore offers opportunities for a trifold sustainability
benefit.

3. How can producers be encouraged to invest in cattle health
and sustainability?

To our knowledge, only ADAS® and Statham et al.” have compared

the relative benefits of cattle disease mitigation using a common
methodology, although both studies were limited to a small selection of
diseases and the ADAS® study appeared to show only a tenuous rela-
tionship between the economic cost of disease mitigation and associated
changes in GHGe. However, ADAS® did identify three major barriers to
reducing the incidence of disease issues within cattle operations: 1)
producers lacked awareness of the economic opportunities forgone by
disease losses (e.g. being unable to accurately value the cost of a case of
mastitis); 2) there was often a lack of capacity to address the disease/
condition (e.g. vaccines or medicines being stored or used incorrectly)
and 3) there may be an unwillingness to change practices or invest in
infrastructure, veterinary advice or medicines.

Reducing the incidence and severity of cattle diseases should
improve both profitability and GHGe, yet considerable variation in
economic consequences and relatively low GHG impacts make these
benefits relatively difficult to justify to producers. For example,
although liver fluke is a considerable concern within UK livestock pro-
duction, Jonsson et al. (2022) reported that the GHGe from a beef herd
with no fluke were only ~1.5% lower than those of an uninfected herd,
therefore producers would be unlikely to implement preventative
measures based on GHGe alone. Moreover, as noted by Bartley et al.
(2016), many diseases co-exist and interact on-farm, therefore it is
difficult to quantify the effects of implementing a prevention or control
strategy. The relationship between resource use, GHGe and livestock
health appears clear, yet the association with economic parameters may
more complex, as excellent livestock health cannot be achieved without
some degree of economic investment, whether overt (e.g. medicines) or
less tangible (e.g. time invested in surveillance and data recording).
Given the risk of AMR, a strong argument can be made for the adoption
of vaccines, wherever possible, to safeguard animal, human and
ecosystem health. However, the real problem is that most producers do
not measure or monitor disease levels on farm so they cannot attribute
the true economic cost to their herd and therefore quantify the
cost-benefit of preventative health measures. Moreover, the costs of
sub-clinical infection and failure to reach optimal performance are
largely ignored. In the short term, it might therefore seem economically
advantageous to use an antimicrobial in a small proportion of animals at
a relatively lower cost than vaccinating the entire population. However,
vaccination is accompanied by the assurance that future disease inci-
dence should be considerably lower, thus reducing the need for further
AMU - a clear economic and AMR benefit (Jansen et al., 2018).

The poultry and aquaculture industries display progressive attitudes
to disease prevention. This is evidenced by the concerted efforts of the
poultry industry in implementing the national salmonella reduction
programme (a combination of routine testing, vaccination and welfare
and husbandry improvements) such that over 90% of UK eggs are now
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produced under the Red Lion code. Sustainability benefits could be
gained from the ruminant sector adopting a similar approach to reduce
endemic disease. This approach may partially be implemented by
shifting the emphasis from a reactive therapeutic approach to disease
control to focus on prevention. This encompasses changes in manage-
ment practice, biosecurity, surveillance and prophylaxis — vaccines have
a critical role to play in this strategy. However, although vaccines are
available to aid the control of many endemic diseases, their uptake in the
ruminant sector remains comparatively low. In the UK, Bovine Herpes
Virus Type 1 (BoHV-1; the causative agent of IBR) is estimated to be
present in over 70% of herds (Nettleton and Russell, 2017), yet only 30%
of cattle are estimated to have been vaccinated.'?

Most vaccines are administered by producers, on-farm studies re-
ported that vaccines are often stored and used incorrectly, which might
compromise efficacy (Meadows, 2010; Rees et al., 2018; Williams and
Paixao, 2018). This could be rectified at the producer level by incor-
porating vaccine-specific training into apprenticeships and educational
courses, as well as Red Tractor and other relevant standards. The rela-
tively new veterinary technician apprenticeship standard could also
increase the capacity of vet-led teams to vaccinate greater numbers of
cattle, which could help address the shortage of the relevant skills and
labour on many farms.

4. How can the wider industry be encouraged to invest in cattle
health and sustainability?

One of the biggest barriers to the animal health industry investing in
sustainability is that understanding the true impact of animal health on
GHGe is hampered by a lack of substantial, joined-up data. Although
modelled data relating to mortality or culling are often available, the
impact of morbidity, and particularly sub-clinical disease, is very
limited, especially when relating to real-time impacts rather than
modelled simulations (Macleod and Moran, 2017). This means that true
disease prevalence and therefore performance and sustainability im-
pacts, are underestimated at farm and population level. Investment in
improved disease surveillance, detection and recording would help
establish a reliable benchmark from which to track and monitor im-
provements in health and the associated reduction in GHG. However,
many existing GHG assessment models and tools do not have the ca-
pacity to assess the implications of livestock disease, and require further
model development (Ozkan et al., 2016; Kipling et al., 2021).

The data collection issue may be partially facilitated by advances in
sensor and digital technology that enable precision livestock farming
(PLF), which has considerable sustainability benefits for the livestock
producers in terms of easier, data-driven health management and
monitoring, as reviewed by Lovarelli et al. (2020). A wide array of
different technologies are available, from sensors such as collars,
ear-tags, pedometers and rumen boluses through to remote camera and
neural programming systems, with each system tracking different pa-
rameters linked to animal health. This allows daily health monitoring to
be linked to data-driven insights for the whole herd, leading to more
efficient and timely decision making and subsequently improved animal
health. Opportunities for PLF offered by a combination of sensor data
collection, data integration and analysis, machine learning and event
detection were comprehensively discussed by Niloofar et al. (2021),
who concluded that PLF was a viable mechanism for improving pro-
ductivity, reducing GHGe and improving marketing. However, at pre-
sent, the uptake of these technologies may be limited by producer
concerns that technology may replace contact with and understanding
of livestock, in tandem with the financial investment required for an
integrated system (Abeni et al., 2019). Furthermore, many existing apps

12 gee: AHDB, 2020. Vaccine uptake report for cattle and sheep. https://ahdb.
org.uk/knowledge-library/vaccine-uptake-report-for-cattle-and-sheep
(accessed 2 May 2023).
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or systems do not communicate across platforms, leading to repetitive
data entry and individual data set interrogation. According to Tedeschi
et al. (2021), artificial intelligence may play a considerable role in
overcoming this barrier, yet more research is required to assess the
factors that influence farmer adoption of new PLF technologies and
therefore encourage behavioural change.

5. Unanswered questions

Cattle diseases have clear and profound impacts upon sustainability,
however, understanding these impacts is only one point of leverage for
improving animal health — attention must also be paid to the underlying
mechanisms behind this variation. For example, producer perceptions
and behaviours that impact prophylactic vs. therapeutic medicines use
(e.g. the perception that vaccines are more expensive or less effective
than antimicrobials or that the veterinarian shares the producer’s
values) may have a substantial impact on the observed effects of diseases
on productivity (Bard et al., 2019). Furthermore, although controlling or
eliminating endemic diseases would be a logical utopian desire, the
degree to which this might occur will, in reality, be influenced by
multiple factors, with some diseases being more tractable than others.
Further research into the potential variation in disease control and
elimination and therefore the potential for environmental and economic
costs to be mitigated would therefore be extremely valuable.

Aside from consumers’ obvious desire for livestock to be healthy and
kept in high welfare systems, there is little published literature relating
to the social sustainability impacts of cattle disease. Although consumer
trust is imperative for livestock system resilience, the social accept-
ability of livestock products is not unwavering — the impact of a sudden
disease outbreak may have critical impacts upon consumer acceptance,
regardless of the relative risk to human health, as evidenced by the
British BSE Crisis (Ashworth and Mainland, 1995). These crises of con-
fidence may partially be mitigated by placing a greater focus on new and
emerging diseases, especially zoonoses, and diseases that result in
considerable changes in food security (e.g. the impacts of recent out-
breaks of African swine fever on global pork production) and focusing on
effective communication. Examining the impacts of diseases using a One
Health approach and using the same lens to assess current and future
management practices and production systems with a view to improving
animal, human and ecosystem health should improve sustainability.
This will only be successful however, if the importance of improving
cattle health as a means to enhance sustainability is effectively
communicated to all stakeholders.

6. Conclusions

Sustainable livestock production can only be achieved in tandem
with excellent animal health and welfare. An urgent need therefore
exists to accurately quantify the sustainability impacts of animal health,
to benchmark performance and to implement a culture of continuous
improvement. At the farm level, the impacts of a specific disease vary
widely, affected by myriad animal, climatic and human factors. Future
research should therefore concentrate on consistent methodologies and
comparative studies that can attempt to assess relative disease impacts
within and across systems. This will allow producers, veterinarians,
animal health companies and policy makers to focus their efforts on
those diseases that have the greatest implications for both animal wel-
fare and economic and environmental sustainability.
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