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Introduction: The Pig Chain as an Example of 
Efficiency Optimization

At the time of writing, the global COVID-19 pandemic is hap-
pening in conjunction with the African swine fever (ASF) pandemic 
(Blome et al., 2020). Both pandemics have proven to be a challenge 
for pig production. Intensive pig production is an example of a 
cost-efficient production system, namely an optimized meat chain 

with highly specialized links. It includes genetic, pharmaceutical, 
and feed companies, pig producers, transportation companies, 
slaughterhouses, processers, and retailers (Rodríguez et al., 2013). 
Over the years, genetic selection, optimized feeding, and improved 
farm management practices have decreased the inputs per kilo-
gram of pork (Patience et al., 2015). Industrial slaughterhouses 
and processers have also optimized their processes. Characterized 
by high efficiency, the European pork production chain has main-
tained its position as the largest exporter of pork and pork prod-
ucts at competitive prices in spite of high labor costs (Popescu, 
2020). However, industrial pig production as a concept has been 
challenged (Sørensen et al., 2006). The current double pandemic 
has revealed not only that the industrialization of pig production 
is an issue of consumer perception but also that risk factors are 
inherent to the system. These recent pandemics, like other unex-
pected events in the past, have revealed the vulnerabilities inherent 
to the system that we highlight here.

Vulnerability of the Pig to Pork Chain in Times of 
Pandemics

Prices on the world market are volatile and subject to external 
factors although local calamities may be balanced out by global 
supply and demand. The ASF crisis has had a clear impact on 
pork prices: in European countries with positive cases, prices 
dropped quickly because of an export ban to countries outside 
Europe, such as China. In contrast, the massive outbreak of 
ASF in China led to a shortage of pork on the world market, 
with price increases in other parts of the world (Mason-D’Croz 
et al., 2020). This may have stimulated farmers to inseminate 
more sows or invest in larger farms as expected according to 
the cobweb theorem (Ezekiel, 1938). With a 9- to 10-month 
period between insemination and slaughter, the pig chain 
cannot adapt quickly to an increasing or decreasing demand. 
This became painfully clear during the COVID-19 pandemic: 

Implications

• Intensive pig production is an example of a cost-
efficient production system: an optimized meat chain 
with highly specialized links.

• External factors, such as the COVID-19 and African 
swine fever pandemics, are having an immense impact 
on the chain and farmers’ income.

• These crises may exacerbate societal concerns about 
industrialized production, especially when linked with 
poor animal welfare and the risk for future pandemics.

• Transition from a supply-driven to a demand-driven 
market may result in more sustainable business 
models.
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with the closure of restaurants and the ban on group events, 
the demand for pork decreased (European Commission, 2020). 
Additionally, large slaughter and processing plants (mainly in 
the United States) had to close due to COVID-19 outbreaks 
and labor shortages because of quarantine measures, leading 
to a shortage in slaughter capacity (McEwan et al., 2020). As 
a result, not all pigs could be brought to the slaughterhouse 
as planned. This has led to overstocking, reduced production 
efficiency, and eventually even euthanasia of pigs on farm. 
Outbreaks of COVID-19 in slaughterhouses and meat pro-
cessing companies also occurred in a number of European 
countries, particularly in Germany. This raised awareness of 
the poor working conditions of meat workers across Europe, 
especially because the sector depends to a large extent on mi-
grant and cross-border workers. Closed borders also caused 
labor shortages during the COVID-19 pandemic (European 
Federation of Food, Agriculture and Tourism Trade Unions, 
2020). Most outbreaks in European slaughterhouses have been 
small in comparison to those in the United States. Prices did rise 
again after confinement measures against COVID-19 were pro-
gressively lifted (European Commission, 2020). Nevertheless, 
the events raised awareness of the sector’s dependency on suffi-
cient slaughter capacity.

Biosecurity in Intensive Pig Production

The high stocking density in intensive animal farming makes 
biosecurity a key factor. Biosecurity measures can be more 
easily implemented in intensive compared to extensive systems 
(Maes et al., 2019). As such, the risk of contracting diseases 
such as ASF is probably lower in intensive systems, as indi-
cated by the higher prevalence of ASF outbreaks in backyard 
and small-scale herds (Costard et al., 2015). While modern in-
tensive pig farms focus on strict biosecurity, high population 
density dramatically increases the risk of the rapid spread of 
disease if  biosecurity measures fail. Biosecurity measures can 
reduce the impact of diseases such as ASF but some endemic 
diseases cannot be prevented in areas of high pig density and 
can only be controlled by vaccination programs or destocking 

and repopulation (Sørensen et al., 2006). Pig production is also 
considered a potential risk factor for future human pandemics, 
in particular those caused by influenza viruses. Pigs are suscep-
tible to both avian and mammalian influenza viruses, and pig 
farms are, therefore, considered as potential “mixing vessels” 
for new viruses with the potential to cause human pandemics 
(Kahn et  al., 2014; FAO, 2020). Still, with high biosecurity 
measures, the risk of contact between pigs and (wild) birds 
is probably either absent or low in intensive pig production 
and risks occur most from pig/human contact. Pigs have ex-
perienced influenza outbreaks from human origin, but so far 
only one case of influenza transmitted from swine to humans 
has been reported to cause an influenza pandemic in humans 
(Trovão and Nelson, 2020).

To date, strict biosecurity has resulted in increased control 
of several pathogens but full control of pathogens is impos-
sible. Intensive pig production may especially be vulnerable to 
airborne viruses with potential risk for causing human pan-
demics (Davies, 2011; VanderWaal and Deen, 2018).

Farmer Income in a Supply-Driven Market

Specialization in the pig to pork production chain can be 
considered as an example of the treadmill theory (Levins and 
Cochrane, 1996). According to this theory, technological in-
novations are a driving force behind the growing scale of oper-
ations: with the introduction of new technologies (e.g., better 
management and better genetics), early adopters benefit from 
the reduced costs of production for an initial period. However, 
this temporary benefit declines as increasing numbers of 
farmers adopt the technology, leading to increased produc-
tion and outputs, followed by a decrease in output prices. As 
a result, profitability declines and farmers are urged to adopt 
the technology to reduce their production costs under the cur-
rent market conditions in order to stay in business (Levins and 
Cochrane, 1996). Indeed, intensive pig production is charac-
terized by efficiency improvements, large numbers of pigs, and 
relatively small and volatile margins. Thus, small differences in 
pig prices and market disruptions have large effects on farmer 
income. As the number of slaughter pigs is determined almost 
a year ahead, and the pig production chain can be considered 
to be a supply-driven market, a sudden disruption, such as 
slaughterhouse closures, caused by the COVID-19 pandemic 
may have a major impact not only on the received price per pig 
but also on the cost of production because of decreased feed 
efficiency with higher slaughter weights (Van den Broeke et al., 
2020). In particular, for “Protected Designation of Origin” 
products, a specific weight range is requested and deviations 
may lead to price penalties and inefficiencies along the chain 
(Parma Ham Specifications, 1992). Farmers have little room 
for short-term adjustments. One possible measure is to slow 
down growth rates, thus extending the time required to reach 
slaughter weight. Despite the higher feeding cost because of 
decreased feed efficiency, with possibly also a negative effect 
on the nutrient excretion to the environment, this option may 
be the only viable alternative. It may also be the best option for 

Figure 1. In 6 months’ time, this newborn piglet will be a slaughter pig.
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animal welfare if  slower growth is obtained by adapting the 
diet rather than through management measures, such as water 
restriction (for more information on this strategy, see Tokach 
et al., 2021). Optimal space allocation is traditionally one of the 
key factors in efficiency optimization. More pigs occupying the 
same space decreases the fixed cost per pig (Powell et al., 1993). 
Only in small segments—in niches that can be considered de-
mand driven—are farmers paid extra for giving their pigs more 
space, mostly in light of improved welfare.

Animal Welfare

Good animal welfare is a prerequisite for society and animal 
welfare concerns have been increased since the 1960s (Maes 
et  al., 2019). This concern has become even more apparent 
during a pandemic. In the case of ASF or other infectious 
diseases that need to be eradicated, a major focus is to elim-
inate the pigs on infected farms to prevent the disease from 
spreading to other farms. Consumers were particularly out-
raged about the practice of burning and burying live pigs in 
China during the ASF crisis (Loeb, 2019). Many risk factors 
are associated with on-farm killing of animals, both during the 
handling and moving of pigs before slaughter and during the 
slaughter process itself  (EFSA Panel on Animal Health and 
Welfare et  al., 2020). Societal acceptance of pig production 
clearly depends on the perception of extreme care for humane 
handling of animals during rearing and slaughtering and the 
transparency regarding these procedures. If  a drop in slaughter 
capacity prohibits pigs from reaching the slaughterhouse in a 
timely way, there is an evident risk of overstocking, with con-
comitant welfare problems and disease risks. On-farm killing 
of healthy animals is a last resort that has serious implications 
for all three pillars of sustainability but keeping pigs on farm 
may not always be possible. The pig chain is, therefore, obliged 
to find strategies to avoid these bottlenecks in the future.

Conclusion

The pig to pork chain—with its highly specialized and opti-
mized links—is an example of a cost-efficient production system. 
Maximizing stocking density within legal limits and process op-
timization lead to minimal costs per animal in the farm or per 
carcass in the slaughterhouse. Recent pandemics show the vul-
nerability of this pig chain as a whole and, especially, the po-
tential risk exposure of the farmers and their animals. External 
factors, such as disease outbreaks or reduced slaughter capacity 
have an immense impact on the farmers’ income. At the same 
time, these crises may augment societal concerns about indus-
trialized production, especially when a crisis is linked to poor 
animal welfare and the risk for future pandemics. The awareness 
of these risks should be a driver toward a transition in the pig 
chain from a supply-driven to a demand-driven market with a 
built-in flexibility to anticipate market requirements. To allow 
flexibility, more housing space and higher slaughter capacity 
will be necessary. This will imply higher costs per unit of pro-
duction and will require cooperation throughout the chain with 

clear arrangements between all partners in the chain. This must 
finally result in sustainable business models and a fair income 
for each partner in the value chain. A high level of optimization 
and specialization can still be useful in the future, but the focus 
should shift to optimal instead of maximal production.

About the Authors
Dr. Sam Millet (DVM, PhD) is senior re-
searcher in the pig husbandry group of 
ILVO (Flanders Research Institute for 
Agriculture, Fisheries and Food) and 
visiting professor of pig nutrition at the 
Faculty of Veterinary Medicine of Ghent 
University. He obtained his PhD in veter-
inary sciences from Ghent University. His 
research covers various topics in the hus-
bandry of pigs, with a special emphasis on 
animal nutrition. Corresponding author: 
sam.millet@ilvo.vlaanderen.be

Dr. Sarah De Smet (DVM, PhD) is co-
ordinator of the Pig Information Center 
within the ILVO Living Lab Animal 
Husbandry (member of ENoLL). Her 
main area of expertise is communicating 
scientific results and tacit knowledge to 
farmers and other stakeholders, answer 
questions of stakeholders, and capture 
needs in the field and adapt future re-
search themes to these necessities in 
order to align them better with the chal-
lenges of the sector.

Dr. Egbert Frank Knol (PhD) is re-
search director for Topigs Norsvin 
International, a pig breeding company 
in Vught, NL, with its Topigs Norsvin 
Research Center based in Beuningen. 
Egbert graduated from Wageningen 
University with a PhD thesis on the 
genetics of piglet survival. His interest 
is very basic: how can genetics and gen-
omics help the pork industry in its chain 
approach of reproduction, feeding, 
health, and meat and carcass quality.

Dr. Giuseppe Bee is research leader of 
the Swine Research Unit of Agroscope, 
the Swiss center of excellence for agri-
cultural research. He obtained his PhD 
in animal science at the ETH in Zurich. 
His research focus is on pig nutrition and 
meat quality.

D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/11/1/14/6129031 by Sveriges Lantbruksuniversitet user on 18 June 2021

mailto:sam.millet@ilvo.vlaanderen.be?subject=


17January 2021, Vol. 11, No. 1

Acknowledgments

Thanks to Miriam Levenson for English language editing. 
Thanks to Marijke Aluwé and Joris Relaes for giving feedback 
on the content of the paper.

Literature Cited
Blome,  S., K.  Franzke, and M.  Beer. 2020. African swine fever—a re-

view of  current knowledge. Virus Res. 287:198099. doi:10.1016/j.
virusres.2020.198099

Costard, S., F. J. Zagmutt, T. Porphyre, and D. U. Pfeiffer. 2015. Small-scale 
pig farmers’ behavior, silent release of African swine fever virus and conse-
quences for disease spread. Sci. Rep. 5:17074. doi:10.1038/srep17074

Davies,  P.  R. 2011. Intensive swine production and pork safety. Foodborne 
Pathog. Dis. 8:189–201. doi:10.1089/fpd.2010.0717

EFSA Panel on Animal Health and Welfare. 2020. Welfare of pigs during killing 
for purposes other than slaughter. EFSA J. 18(7):e06195. doi:10.2903/j.
efsa.2020.6195

European Commission. 2020. Short-term outlooks for EU agricultural mar-
kets in 2020. Available from https://ec.europa.eu/info/sites/info/files/ 
food-farming-fisheries/farming/documents/short-term-outlook- 
summer-2020_en.pdf.

European Federation of Food, Agriculture and Tourism Trade Unions. 2020. 
EFFAT Report. Covid-19 outbreaks in slaughterhouses and meat processing 
plants. State of affairs and proposals for policy action at EU level. Available 
from https://effat.org/wp-content/uploads/2020/06/EFFAT-Report-Covid-
19-outbreaks-in-slaughterhouses-and-meat-packing-plants-State-of-
affairs-and-proposals-for-policy-action-at-EU-level-30.06.2020.pdf.

Ezekiel, M. 1938. The cobweb theorem. Q. J. Econ. 52(2):255–280.
FAO. 2020. FAO/OIE/WHO tripartite statement on the pandemic risk of 

swine influenza. Available from https://www.oie.int/fileadmin/Home/
eng/Animal_Health_in_the_World/docs/pdf/Swine_influenza/2020-09_
TripartiteStatement_RiskSwineFlu.pdf.

Kahn, R. E., W. Ma, and J. A. Richt. 2014. Swine and influenza: a challenge to 
one health research. In: Influenza pathogenesis and control. vol. I. Springer. 
p. 205–218.

Levins, R. A., and W. W. Cochrane. 1996. The treadmill revisited. Land Econ. 
72(4):550–553. doi:10.2307/3146915

Loeb, J. 2019. Outrage at treatment of pigs in China. Vet. Rec. 184(23):692. 
doi:10.1136/vr.l4070

Maes, D. G. D., J. Dewulf, C. Pineiro, S. Edwards, and I. Kyriazakis. 2019. A 
critical reflection on intensive pork production with an emphasis on animal 
health and welfare. J. Anim. Sci. 98(Suppl 1):S15–S26. doi:10.1093/jas/skz362

Mason-D’Croz,  D., J.  R.  Bogard, M.  Herrero, S.  Robinson, T.  B.  Sulser, 
K.  Wiebe, D.  Willenbockel, and H.  C.  J.  Godfray. 2020. Modelling the 
global economic consequences of a major African swine fever outbreak in 
China. Nature Food 1(4):221–228. doi:10.1038/s43016-020-0057-2

McEwan, K., L. Marchand, M. Shang, and D. Bucknell. 2020. Potential impli-
cations of COVID-19 on the Canadian pork industry. Can. J. Agric. Econ. 
68(2):201–206. doi:10.1111/cjag.12236

Parma Ham Specifications and Dossier pursuant to Article 4 of Council 
Regulation EEC no. 2081/92 dated 14 July 1992.

Patience, J. F., M. C. Rossoni-Serão, and N. A. Gutiérrez. 2015. A review of 
feed efficiency in swine: biology and application. J. Anim. Sci. Biotechnol. 
6:33. doi:10.1186/s40104-015-0031-2

Popescu, A. 2020. Trends in pork market in the European Union and in its 
main producing countries in the period 2007–2018. Sci. Papers Manag. 
Econ. Eng. Agric. Rural Develop. 20(1).

Powell, T. A., M. C. Brumm, and R. E. Massey. 1993. Economics of space al-
location for grower-finisher hogs: a simulation approach. Rev. Agric. Econ. 
15(1):133–141.

Prof. Paolo Trevisi is associate professor 
in the livestock husbandry group of the 
DISTAL (University of Bologna). He 
obtained his PhD on piglet nutrition 
from the University of Bologna. His re-
search aims to develop gut health con-
cept in piglets, to understand the ways 
to increase the natural resistance of 
young animals against illnesses even by 
an in-depth understanding of the role of 
microbiota and environmental factors in 
connection with the host.

Dr. Stafford Vigors (PhD) is an 
Assistant Professor at the School 
of Agriculture & Food Science, 
University College Dublin, Ireland. 
Dr. Vigors obtained his PhD exam-
ining the factors impacting feed ef-
ficiency in pigs. His current research 
interests examine the key interactions 
of nutrition, microbiome, and gut 
function in animal phenotypes, such as 
feed efficiency, nutrient supplementa-
tion, and methane emissions

Dr. Katja Nilsson (PhD) is a researcher in 
applied animal breeding at the Swedish 
University of Agricultural Sciences. She 
received her PhD from the same university 
with a thesis on the genetic background of 
maternal ability and piglet survival. Her 
main research interest is genetics of be-
havior and health.

Dr. Jef Van Meensel (PhD) is agricul-
tural economist and senior researcher 
at the Social Sciences Unit of  ILVO. 
He obtained a PhD in bioscience 
engineering from Ghent University. 
At ILVO, he is responsible for the re-
search cluster “Business Economics,” 
focusing on the analysis of  farm 
performances, the identification of 
business model improvements in the 
agricultural sector, and the develop-
ment of  decision support tools. In 
order to achieve these goals, participa-
tory modeling and operations research 
methods are used.

D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/11/1/14/6129031 by Sveriges Lantbruksuniversitet user on 18 June 2021

https://doi.org/10.1016/j.virusres.2020.198099
https://doi.org/10.1016/j.virusres.2020.198099
https://doi.org/10.1038/srep17074
https://doi.org/10.1089/fpd.2010.0717
https://doi.org/10.2903/j.efsa.2020.6195
https://doi.org/10.2903/j.efsa.2020.6195
https://ec.europa.eu/info/sites/info/files/food-farming-fisheries/farming/documents/short-term-outlook-summer-2020_en.pdf
https://ec.europa.eu/info/sites/info/files/food-farming-fisheries/farming/documents/short-term-outlook-summer-2020_en.pdf
https://ec.europa.eu/info/sites/info/files/food-farming-fisheries/farming/documents/short-term-outlook-summer-2020_en.pdf
https://effat.org/wp-content/uploads/2020/06/EFFAT-Report-Covid-19-outbreaks-in-slaughterhouses-and-meat-packing-plants-State-of-affairs-and-proposals-for-policy-action-at-EU-level-30.06.2020.pdf
https://effat.org/wp-content/uploads/2020/06/EFFAT-Report-Covid-19-outbreaks-in-slaughterhouses-and-meat-packing-plants-State-of-affairs-and-proposals-for-policy-action-at-EU-level-30.06.2020.pdf
https://effat.org/wp-content/uploads/2020/06/EFFAT-Report-Covid-19-outbreaks-in-slaughterhouses-and-meat-packing-plants-State-of-affairs-and-proposals-for-policy-action-at-EU-level-30.06.2020.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Swine_influenza/2020-09_TripartiteStatement_RiskSwineFlu.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Swine_influenza/2020-09_TripartiteStatement_RiskSwineFlu.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Swine_influenza/2020-09_TripartiteStatement_RiskSwineFlu.pdf
https://doi.org/10.2307/3146915
https://doi.org/10.1136/vr.l4070
https://doi.org/10.1093/jas/skz362
https://doi.org/10.1038/s43016-020-0057-2
https://doi.org/10.1111/cjag.12236
https://doi.org/10.1186/s40104-015-0031-2


18 Animal Frontiers

Rodríguez, S. V., L. M. Plà, and J. Faulin. 2013. New opportunities in oper-
ations research to improve pork supply chain efficiency. Ann. Oper. Res. 
219(1):5–23. doi:10.1007/s10479-013-1465-6

Sørensen,  J.  T., S.  Edwards, J.  Noordhuizen, and S.  Gunnarsson. 2006. 
Animal production systems in the industrialised world. Rev. Sci. Tech. 
25:493–503.

Tokach,  M.  D., B.  D.  Goodband, J.  M.  DeRouchey, J.  C.  Woodworth, and 
J. T. Gebhardt. 2021. Slowing pig growth during COVID-19, models for use 
in future market fluctuations. Anim. Front. 11(1):23–27.

Trovão,  N.  S., and M.  I.  Nelson. 2020. When pigs fly: pandemic influenza 
enters the 21st century. Plos Pathog. 16:e1008259. doi:10.1371/journal.
ppat.1008259

Van den Broeke, A., F. Leen, M. Aluwé, J. Van Meensel, and S. Millet. 2020. 
The effect of sex and slaughter weight on performance, carcass quality and 
gross margin, assessed on three commercial pig farms. Animal 14:1546–
1554. doi:10.1017/S1751731119003033

VanderWaal, K., and J. Deen. 2018. Global trends in infectious diseases of swine. 
Proc. Natl. Acad. Sci. USA 115:11495–11500. doi:10.1073/pnas.1806068115

D
ow

nloaded from
 https://academ

ic.oup.com
/af/article/11/1/14/6129031 by Sveriges Lantbruksuniversitet user on 18 June 2021

https://doi.org/10.1007/s10479-013-1465-6
https://doi.org/10.1371/journal.ppat.1008259
https://doi.org/10.1371/journal.ppat.1008259
https://doi.org/10.1017/S1751731119003033
https://doi.org/10.1073/pnas.1806068115

