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* In the debate on how to manage antimicrobial resistance (AMR) there
is a consensus on the need to reduce antimicrobial use (AMU)

* A goal is to largely eliminate the use of antibiotics in livestock
production, and other pharmaceuticals and active agents that would
promote AMR

 Whether this is possible initially is a technical question

* Whether Antibiotic free pork production is economically sustainable
is an economic, social and political question
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* To explore this question we will discuss and describe:
* Context of pig production and the resulting benefit from those systems

Difference between an economic and technical approaches and how to
explore the economics of antimicrobial use and resistance in pigs

Targeted review of studies on the economics of antimicrobial use

A potential way to approach interventions for an economic perspective in
order to inform policy

Reflections on whether antibiotic free pork production is economically
sustainable in the current social, economic and political context
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* Changes in food systems are linked to supply and demand and the
attitude to profits of food companies

* These companies have the power to influence behaviours,
particularly at farm-level

* Food systems companies are generally stock listed and therefore
report and respond to the stock markets — they are primarily profit
driven and these profits depend on how markets and prices are
regulated

* These companies hold political power
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Major shift in food production
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There have been three agriculture revolutions
green, oil crop, livestock

Animals have become less relevant as a source of power replaced by
the combustion engine and non-renewable fossil fuels with CO2

Cheap feed grains, Cheap food

Different soil types coming under crop management
More land coming under cultivation

Less dependency on animal manure which has largely been replaced
by chemical fertiliser
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The impacts of the food systems changes
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Global meat production (mn tonnes) from Financial
Times based on FAOSTAT data
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Americans’ changing diet (NY Times Dec 2023)
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* Rich countries spend between 6 to
10% of income on food

° In Australla "the Sha re Of household Share of expenditure spent on food vs. total consumer ur Wod

(\|)tll(|llll| ¢, 2021
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Food has never been so cheap relative to other
goods and services

Price of a whole chicken (£ per kg)
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10

The 46p needed to buy a chicken
in 1971 would be equivalent
to £8.96 in today's values®

.
2
Latest avg. price
=£3.84
0
1971 1980 1990 2000 2010 2020 2023

* Adjusted using RPI
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©FT Financial Times, 2024
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Share of meat in the Australian expenditure 1962-
2011 (Wong et al, 2013)
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Basis of economics
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* A strict definition of economics would be the study of the use of scare
resources with competing demands

* The starting point when using an economic approach would be to
develop an understanding of the allocation of resources in the
system of interest, in order to:

* Describe current allocation of resources
* Determine if the allocation is optimal
* Assess if the reallocation will lead to a situation closer to optimality

* Good economics looks at trade-offs, it explores prices, rules of
exchange and the existence of unintended consequences
(externalities)
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Impacts of Antimicrobial Use
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Do we have enough evidence on whether antibiotic free
pork is economically sustainable? - A brief review of the
literature
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* Legislation exists for pig health and welfare, but management
remains poor

* Pigs are frequently kept in barren environments, at high stocking
densities

* Legislation does allow sows to be kept in stalls for the first four weeks of
pregnancy, which are often narrow steel cages

* Piglets are weaned from their mothers far too soon, leading to stress and
diarrhoea

* Overall these conditions do not encourage or even allow pigs to
raised, or cared for, in antibiotic free systems, in fact the systems
incorporate antibiotics in pig management

https://epha.org/wp-content/uploads/2022/02/report-ending-routine-farm-antibiotic-use-in-europe-final-2022.pdf
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* In Sweden antimicrobial use was nearly seven times lower
than in France, and use in Belgium and Germany was even
higher than in France (Sj6lund et al. 2016)

* Most of the difference in use occurred in weaners

* In Belgium, France and Germany, antibiotic use increased
sharply at weaning time, but in contrast in Sweden it fell

* As a result, weaning piglets in the first three countries received 20
to 30 times more antibiotics than they did in Sweden

https://animalhealthmetrics.org GBAD
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* The most obvious explanation for the large difference in
antibiotic use at weaning was the later weaning of piglets in
Sweden where the median age of weaning was 35 days,
whereas in France, Belgium and Germany it was between 22

and 25 days

* In the latter three countries, some farms even began
weaning at 19 days, earlier than the 21 days permitted by EU
legislation

* Shortening the time from birth to weaning increases the
litters and piglets per sow per year

https://animalhealthmetrics.org GBAD
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* Reduction of AMU in livestock is a broad strategy

* |t assumes that AMU is at an inappropriate level and one that can be reduced

with t . . |, 2015
~ AM free systems are possible in some parts )
* Yet it . lew
) of the broiler sector, but o
o US . icrobials
(S AM free systems are more difficult to
* Al shed of birds

e achieve in the pig sector

* A company in Indonesia report that the change in AMU increases production costs
and mortality rates in broiler chickens

* Our modelling work indicates significant impacts of coccidiosis (Gilbert et al 2020)

https://animalhealthmetrics.org GBAD



https://animalhealthmetrics.org/

* The types of interventions employed by Danish pig farmers after the
introduction of the “Yellow Card” scheme were: vaccination, reduced
group use of AMs and staff education (Dupont et al. 2017)

* This was associated with a steep decline in AMU (Jensen et al. 2014)

* In our opinion there appears to have been minimal impact on the
production and productivity of these systems, but antibiotic use is still
present

https://animalhealthmetrics.org GBAD
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* Alternatives to AMs in pig production
based on expert opinion in 6 European
countries developed a prioritised list

70,00
60,00

without any detail on costs (Postma et so001 :
al. 2015) 40,00+ E ¢
A field study of Belgian pig farmers I B T
defined an overall intervention of ool o -
vaccination and biosecurity changes R =R 5
leading to reduced AMU (Rojo-Gimeno w -t \ '
et al. 2016) and suggested that el
intervention reduced AMU, maintained 4000 i
or improved farm profits 5000 o o
e A summary of measures taken to reduce :EEE
AMU in plg syStemS in 4 European Biosecurity Vaccination Antbiofics® Prophylactic Curative  Total
countries provides costs of the changes antlaotcs  ansbiotics”
and the benefits (Collineau et al. 2017) Type ofcosts

(Rojo-Gimeno et al. 2016)
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* The Raised without
antib I'O tiCS SySte m h a S I OWE r Table 6. Costs of producing a finisher at 115kg live weight in the five production systems,

€ per pig.

CO Sts fo r a nti b i Oti CS b ut h ig h e r Standard, no Animal Raised without  Free Organic

technology adoption welfare antibiotics range

wage costs and raised costs for ... e
VvVacCcC | nes Antibiotics costs 16 16 11 1.2 11

Other unit costs 10.9 121 15.0 153 17.4

* Wage bills rise as a result of fabour st

Straw and other 03 15 0.3 3.2 3.9

higher levels of management, e o
handling of ear tags and
hygiene (Vesterlund Olsen et !

Includes energy, maintenance, insurance, and miscellaneous fixed costs.
al, 2023)
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* Breeding sows kept in separate farm units

* Weaned pigs are separated and moved to geographically different
units using an all-in all-out system

* They are then moved again to another geographically different unit to
finish —all-in all-out

* Finally moved to slaughter

* This system produces pigs raised without antibiotics with two caveats
* Some farm units have difficulty in maintaining health status — environment
* Some farmers are not good at health management—human behaviour

* Overall this requires major shift in infrastructure and management
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* In Europe people say they want
high animal welfare standards
and in willingness to pay studies
say they will pay more, yet most
shop on price

* In China people want food
safety and state they would pay
a premium (6-20% more) for
lower antibiotic use (Denver et
al, 2023)

https://animalhealthmetrics.org

Table 1. Categorization of respondents in the four countries according to
whether they eat pork and the price premium they were willing to pay for
more sustainable pork (shown as column?% within countries).

Group of respondents Denmark Germany UK China
Don't eat or buy pork 7 16 20 10

No WTP 8 5 11 11
Low WTP (1-5%) 20 18 26 26
Medium WTP (6-20%) 46 43 28 44
High WTP (over 20%) 11 13 8 8
Don't know 8 7 8 2

Note: Based on weighted data. WTP=willingness-to-pay. ‘Don't know' refers to the share
of the respondents answering ‘Don't know' to their WTP for more sustainable pork.
Percentages are rounded to integers, meaning that they do not necessarily sum to 100.
Number of respondents: Denmark=1504; Germany=1513; the UK=1501; China=1511.
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* The literature is messy in the area of the AMU/AMR complex in
livestock

* You can find good and bad news on antimicrobial use in pig systems in
the literature

* Evidence has to be interpreted depending on who has generated it

* The way we are measuring production, burdens of disease, public
health externalities needs some further thought

https://animalhealthmetrics.org GBAD
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A more structured approach
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Reduce AMU in livestock
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v | R T
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* Need to break up the additional costs and additional benefits from
AMU changes

* Additional benefits
* Costs saved in antimicrobials
* New revenue with sale of product to AM free product lines Costs Benefits

* Additional costs ¥ e
* New costs
* Vaccination
* More feed due to higher FCR Foregone revenue
* Lost revenue
* Losses of animals due to higher mortality

https://animalhealthmetrics.org GBAD
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Potential vaccination intervention
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Potential housing intervention
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Marginal abatement cost curve to inform policy
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Relationship between AMU and AMR in livestock

Relationship could be
expressed
as a function, table or
graphic

Critical level
for AMR?**

AMR*

Safe range for
AMU in livestock

* Need to define in which
Background range animal or what environment
of AMR ** Informed by public health
impact assessment and
livestock production

. . Antimicrobial use in livestock
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* Age and parity influence the viability and robustness of offspring
* Not all farms are equal in terms of disease challenge

* Not all farmers are equal with regards their ability to manage the
health and welfare of animals

Summary

* Even within the best farms with the best farmers not all batches of
pigs will be disease free and therefore not requiring antibiotics

* Within the population of farms there will be a proportion who cannot
and do not manage disease well and will need antibiotics

https://animalhealthmetrics.org GBAD
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* Our food systems are driven by policies that generate cheap food

* Cheap food is too often taken for granted, and politically dangerous
to change

* Yet our current food systems generate major negative externalities:
* Animal welfare

* Environment
e Public health

* The costs of these externalities are not borne by the food system
* Antibiotic use is generally not a barrier to entry to markets
* Low or no use of antibiotics is not generally rewarded by the market

https://animalhealthmetrics.org GBAD
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* Technically it seems feasible to have antibiotic free pork with some
caveats

* To achieve widespread antibiotic free intensive pig production
systems requires major shifts in management and investment in
infrastructure

* Prices currently paid for pork would probably put such changes out of
reach of the majority of producers

* widespread change is unlikely to be economically feasible

* Social and political context matter when thinking of change and
particularly sustainable change

https://animalhealthmetrics.org GBAD
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* Laissez faire food policies have led to food systems being
driven economic efficiency resulting in “food at any cost”
that generates major negative externalities

* We need food ministries with monitoring systems to assess
these externalities

* A paradigm shift is needed towards a One Health framework
in order to improve the food system through a mix of
behavioural and systemic changes

https://animalhealthmetrics.org GBAD 52



https://animalhealthmetrics.org/

Global Burden of ]
ABHTAL D)5 aape s - Global Burden of Disease (GBD)

GBADS WILL MEASURE AND IMPROVE SOCIETAL
OUTCOMES FROM LIVESTOCK AND HAVE A POSI The Global -
TIVE IMPAC JSTAIN i &:‘ (ew,
E IMPAC L - o
mortality and disability across countries, time, mwmnmﬁummm

MENT GOALS CON WORLD IN s
WHICH THERE IS R, GOOD HEALTH hundreds of diseases, injuries, and risk factors, so that health systems can be improved

AND WELL-BEING, GENDER EQUALITY, DECENT - i 1 . and disparities eliminated,

WORK AND ECONOMIC GROWTH AND RESPON

SIBLE CONSUMPTION AND PRODUCTION

One Health and Food System —
the need for data to monitor and
measure the externalities

53

https://animalhealthmetrics.or


https://animalhealthmetrics.org/

Poor environmental health

Improved environmental health
|

[
Mining of
natural resources

Economically driven
food systems based

on market prices

Poor
Cheap micronutrient
Calories access

Variable
soil management

| [ |
Management of Soll
natural resources management

One Health driven

From reactive to
) .. food systems based
proactive policies :
on regulation, programs
& projects
Sensibly Adequate
Processed priced micronutrient Raw
foods Calories access ingredients

| I I |

I
Poor public health

https://animalhealthmetrics.org

Improved public health Rushton et al, 2021

GBADs


https://animalhealthmetrics.org/

Helping PEOPLE, Protecting PEOPLE
Working with PEOPLE




Backhans, Annette, Marie Sjélund, Ann Lindberg, and Ulf Emanuelson. 2016. “Antimicrobial Use in Swedish Farrow-to- Finish Pig Herds Is Related to Farmer Characteristics.” Porcine Health
Management. Porcine Health Management, 1-7. doi:10.1186/s40813-016-0035-0.

Carmo, Luis P, Liza R Nielsen, Lis Alban, Paulo M Costa, and Gertraud Schiipbach-. 2018. “Veterinary Expert Opinion on Potential Drivers and Opportunities for Changing Antimicrobial Usage
Practices in Livestock in Denmark ,” 5 (March): 1-14. doi:10.3389/fvets.2018.00029.

Carrique Mas, J. & Rushton, J. (2017) Integrated interventions to tackle antimicrobial usage in animal production systems: the ViParc project in Vietnam. Frontiers in Microbiology, section
Antimicrobials, Resistance and Chemotherapy

Carrique-Mas et al. (2018). Mortality, disease and associated antimicrobial use in small-holder chicken flocks in the Mekong Delta of Vietnam (submitted to Preventive Veterinary Medicine)
(In Review)

Choisy, M.; Van Cuong Nguyen; Truong Dinh, B.; Tuan Kiet Bach; Ve Hien Bo; Viet Thu Ho; Niwat Chansiripornchai; Setyawan, E; Thwaites, G.; Rushton, J.; Carrique-Mas, J. (under review)
Assessing antimicrobial misuse in small-scale chicken farms in Vietnam from an observational study. Veterinary Research

Collineau, L.; Rojo-Gimeno, C; Léger, A. ; Backhans, A.; Loesken, S.; Okholm Nielsen, E.; Postma, M. ; Emanuelson, U.; Grosse Beilage, E.; Sjolund, M.; Wauters, E.; Stark, K.D.C; Dewulf, J.;
Belloc, C.; Krebs, S. (2017) Herd-specific interventions to reduce antimicrobial usage in pigproduction without jeopardising technical and economic performance

Coyne L.; Latham, S. M.; Williams, N. J.; Dawson, S.; Donald, I. J.; Pearson, R. B.; Smith, R. F.; Pinchbeck, G. L. (2016), Understanding the culture of antimicrobial prescribing in agriculture: a
qualitative study of UK pig veterinary surgeons, Journal of Antimicrobial Chemotherapy, vol. 71, pp. 3300-3312.

Sigrid Denver, Tove Christensen, Thomas Bgker Lund, Jakob Vesterlund Olsen, Peter Sandge, (2023) Willingness-to-pay for reduced carbon footprint and other sustainability concerns
relating to pork production — A comparison of consumers in China, Denmark, Germany and the UK, Livestock Science, Volume 276, 2@®3, 105337,

Dupont, N.; Hummelmose Diness, L; Fertner, M; Sonne Kristensen, C.; Stege, H. (2016) Antimicrobial reduction measures applied in Danish pig herds following the introduction of the
“Yellow Card” antimicrobial scheme. Preventive Veterinary Medicine 138 pp 9-16

Emborg, Hanne-dorthe, Annette Kj, Ole Eske, and Henrik Caspar. 2001. “The Effect of Discontinuing the Use of Antimicrobial Growth Promoters on the Productivity in the Danish Broile
Production” 50.

Jensen, V F, LV De Knegt, V D Andersen, and A Wingstrand. 2014. “Temporal Relationship between Decrease in Antimicrobial Prescription for Danish Pigs and the ‘ Yellow Card ’ Legal
Intervention Directed at Reduction of Antimicrobial Use” 117. Elsevier B.V.: 554—-64.

FAO (2018) http://www.fao.org/antimicrobial-resistance/projects/ongoing/project-3/en/ accessed Oct 2018

Gilbert, W., Bellet, C., Blake, D.P., Tomley, F.M., Rushton, J. (2020) Revisiting the economic impacts of Eimeria and its control in European intensive broiler systems with a recursive modelling
approach. Front. Vet. Sci. 7:558182.doi: 10.3389/fvets.2020.558182

https://animalhealthmetrics.org GBAD



https://animalhealthmetrics.org/
http://www.fao.org/antimicrobial-resistance/projects/ongoing/project-3/en/

Laxminarayan, R., T. Van Boeckel and A. Teillant (2015), “The Economic Costs of Withdrawing Antimicrobial Growth Promoters from the Livestock Sector”, OECD Food, Agriculture and
Fisheries Papers, No. 78, OECD Publishing. http://dx.doi.org/10.1787/5js64kst5wvl-en

Lhermie, Guillaume, Loren William Tauer, and Yrjo Tapio Gro. 2018. “The Farm Cost of Decreasing Antimicrobial Use in Dairy Production,” PLoS ONE 13(3): e0194832.
MacLeod & Moran, D. (2017) Integrating livestock health measures into marginal abatement cost curves. Rev. Sci. Tech. Off. Int. Epiz 36 (1), 97-104
Pettigrew, J E; Baker, RB (2003) “Health Management with Reduced Use of Antibiotics in Pig Production.” In Prevention of Infectious Diseases in Livestock and Wildlife Health, 214-362

Postma, M, Stark, K D C; Sjélund, M.; Backhans, A.; Grosse, E.; Losken, S,; Catherine Belloc, et al. 2015. “Alternatives to the Use of Antimicrobial Agents in Pig Production : A Multi-Country
Expert-Ranking of Perceived Effectiveness , Feasibility and Return on Investment” 118:457-66. doi:10.1016/j.prevetmed.2015.01.010.

Rojo-gimeno, C, Postma, M.; Dewulf, J.; Hogeveen, H.; Lauwers, H; Wauters, E. (2016) “Farm-Economic Analysis of Reducing Antimicrobial Use Whilst Adopting Improved Management
Strategies on Farrow-to-Finish Pig Farms.” Preventive Veterinary Medicine 129. Elsevier B.V.: 74-87. doi:10.1016/j.prevetmed.2016.05.001.

Rushton, J. (2017). Improving the use of economics in animal health - Challenges in research, policy and education.. Preventive veterinary medicine, 137(PtB), 130-139.

Rushton, J.; Bisdorff, B.; Call, D.; Carrique-Mas, J.; Erlacher-Vindel, E.; Gochez, D.; Lees, P.; McMahon, B.; Matthews, L.; Pelligand, L.; Stabler, R.; Stark, K.; & Redmond, E.F. (2016) An analysis
of the animal/human interface with a focus on low- and middle-income countries: Fleming Fund project to tackle global AMR. Report for the Wellcome Trust, London, UK. 80 Pages
Rushton, J.; Bruce, M. (2016) Using a One Health approach to assess the impact of parasitic disease in livestock —how does it add value?. Parasitology 144(1):15-25

Rushton, J., Bruce, M., Bellet, C., Torgerson, P., Shaw, A.P.M., Marsh, T.L., Pigott, D., Stone, M., Pinto, J., Mesenhowski, S., Wood, P. (Forthcoming) Initiation of the Global Burden of Animal
Diseases (GBADs) Program. Submitted to the Lancet

M. Sjélund, M. Postma, L. Collineau, S. Losken, A. Backhans, C. Belloc, U. Emanuelson, E.GroBe Beilage, K. Stark, J. Dewulf, (2016) Quantitative and qualitative antimicrobial usage patterns in
farrow-to-finish pig herds in Belgium, France, Germany and Sweden, Preventive Veterinary Medicine, Volume 130, 2016, Pages 41-50,

Sneeringer, S., MacDonald, J., Key, N, McBride, W. and Mathews, K. (2015). Economics of Antibiotic Use in U.S. Livestock Production. United States Department of Agriculture. Economic
Research Service Economic Research Report Number 200, November 2015.

Sucena Afonso, J., El Tholth, M, Mcintyre5, K.M., Luis Pedro Carmo, Coyne, L., Manriquez, D., Raboisson8, D., Lhermie, G., Rushton, J. (2023) Strategies to reduce antimicrobials in livestock
and aquaculture, and their impact under field conditions: a structured scoping literature review. J Antimicrob Chemother https://doi.org/10.1093/jac/dkad350

Jakob Vesterlund Olsen, Heidi Mai-Lis Andersen, Troels Kristensen, Sisse Villumsen Schlaegelberger, Finn Udesen, Tove Christensen, Peter Sandge, (2023) Multidimensional sustainability
assessment of pig production systems at herd level — The case of Denmark, Livestock Science, Volume 270, 2023, 105208,

Woodside, J., Sun, Q., De Roos, B., Rimm, E., Hu, F., Heinen, M., McEvoy, C.T., Piernas, C., Scheelbeck, P.F.D., Rushton, J., Ensaff, H., Brennan, S.F. Brennan, L. (2022). Meeting report:
Plant-rich dietary patterns and health. Proceedings of the Nutrition Society, 1-18. doi:10.1017/S002966512200266X

World Bank. 2017. “Drug-Resistant Infections: A Threat to Our Economic Future.” Washington, DC: World Bank. 172 pages

https://animalhealthmetrics.org GBAD



https://animalhealthmetrics.org/
https://doi.org/10.1093/jac/dkad350

GBADs funders, partners, collaborators

NN L7
vahhwx BILL¢ MELINDA N8

S uKaid GATES foundasion [ Erorean | gRooke  (\DAgriFood
A IAR S S S pev HORSES AND DONKEYS

World_Orgcnisation UNIVERSITY OF
for il Health LIVERPOOL

o tate [l
I penns UF URIVERSITY @ >  ®ISTIE & IHME ILRI

FIORIDA Murdoch o
b Uni.verSitYOf ‘ 1 w Food and Agriculture Organization E Y/ -
> Zurich CI ra d Q‘:@ of the Unitegd Na:ions S -/S_C lensano //M
+Te
trecht Universit PR eterinaerinstitutte
Utrecht U y 1 Global Burden SR C e Vet tituttet
Fraleindse Of Crop LOSS U - Norwegian Veterinary Institute
Pll‘brlght ass | pomoboucy  The Simpson Centre

https://animalhealthmetrics.org g s ool i s G BADS



https://animalhealthmetrics.org/

