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Introduction
Pig meat is the most widely-consumed meat in the world, accounting for 40% of the world’s 
overall meat consumption. The leading producers are China, the EU, USA, Brazil, Russia, 
Vietnam, Canada, Japan, the Philippines and Mexico. Consumption is growing, both in 
developed markets such as the United States and particularly in developing countries in 
Asia. Previous growth in pig production has been driven primarily by developments in 
breeding and the shift to larger, more intensive systems. These systems face a range of 
challenges in increasing production sustainably to meet rising demand. Pig production 
remains vulnerable to zoonotic and other diseases affecting pigs as well as the problem 
of antibiotic resistance. There is growing pressure to improve feed efficiency in the face of 
competition for raw materials and rising feed costs. At the same time, there is an increasing 
focus on reducing the environmental impact of animal production. Finally, consumers are 
increasingly concerned about animal welfare in intensive systems.

These challenges are addressed by Achieving sustainable production of pig meat. The 
three volumes are:

•• Volume 1 Safety, quality and sustainability
•• Volume 2 Animal breeding and nutrition
•• Volume 3 Animal health and welfare

This volume, Volume 3, reviews the latest research on diseases affecting pigs and their 
management, as well as providing a comprehensive review of pig welfare across the life-
cycle, from gilts and sows to weaned piglets and finishing pigs. The volume also includes 
generic welfare issues such as the role of pasture-based systems, humane transport, 
lairage and slaughter techniques.

Part 1  Animal health

The first part of the volume reviews the main diseases affecting pigs as well as ways of 
managing diseases and boosting pig immune function. Chapter 1 provides an overview of 
common bacterial, viral, and parasitic pathogens of pigs. Recent events such as the 2009 
pandemic influenza outbreak, the continuous spread of African swine fever virus in Eastern 
Europe, and the recent introduction of several new pathogens into the United States and 
their spread to Canada, Mexico, Central, and South America have shown the ability of 
pig diseases to move quickly across borders, and the importance of global cooperation 
in improve the health and welfare of pigs. The chapter summarizes some of the most 
common bacteria (both gram-negative and gram-positive), viruses, and parasites found 
in pig production, and discusses which are particularly important due to their significant 
effect on production, importance from an international trade perspective, or zoonotic 
concern.

Continuing the theme of diseases in pigs, Chapter 2 addresses changing patterns of 
disease affecting pigs, with a particular focus on Porcine Reproductive and Respiratory 
Syndrome (PRRS) and Porcine Epidemic Diarrhoea (PED). PRRS virus and PED virus are two 
of the major viruses that affect pigs worldwide. The chapter examines the transmission, 
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clinical presentation, evolution and spread of these two agents (PRRSv and PEDv), given 
their importance for pig production worldwide. The chapter discusses in detail the causes, 
transmission and spread of these two viruses in the pig population both worldwide, and 
more specifically, the United Kingdom (UK). The chapter provides readers with an overview 
of the complexity of these two agents and how this influences their clinical presentation 
and evolution over time and space.

Moving from respiratory systems to the gut, Chapter 3 examines the influence of the 
gut microbiome on developing immune and metabolic systems in the young pig. The 
immune and metabolic systems of young piglets develop after birth, and the rate and 
type of development is strongly associated with the rate and type of colonisation of the 
intestine with bacteria. The chapter describes the enteric and mucosal immune systems of 
pigs and presents evidence from experimental studies of the links between the immune 
system and microbiota. The chapter describes the composition of the microbiome in pigs 
and highlights its importance in the development of pig immune systems.

The focus of the final chapter in Part 1, Chapter 4, is disease identification and 
management on the pig farm. After examining the process of disease identification, the 
chapter provides an overview of disease management and control in pigs. The chapter 
evaluates both external and internal biosecurity before focusing on the role of vaccination 
and antimicrobial medication.

Part 2  Welfare issues

Part 2 reviews what we know about pig behaviour and appropriate welfare standards.  
It also assesses the welfare of different groups of pigs, from gilts and sows to weaned 
piglets and finishing pigs, as well as transport, lairage and slaughter.

Chapter 5 sets the scene by reviewing current understanding of pig behaviour. The 
behavioural patterns of domesticated pigs are well conserved from their ancestors. This 
suggests that the underlying motivational systems are similar to those of wild boar and feral 
domestic populations. The chapter describes how commercial conditions, whilst providing 
some welfare benefits, can constrain behavioural expression. The chapter reviews the 
behavioural ecology of pigs, introduces the concept of behavioural needs and considers 
the developmental and additive genetic basis behind individual differences in behaviour.

Complementing the previous chapter’s focus on pig behaviour, Chapter 6 provides an 
overview of the challenges of defining and ensuring animal welfare in pig production. 
Raising pigs for consumption involves exercising control over the quality and duration of 
their lives, and it is widely accepted that there is a duty to exercise this control humanely. 
The chapter begins by reviewing conceptual frameworks which can be used to consider 
and assess animal welfare, and discusses the development of public opinion on the 
subject. The chapter then discusses common welfare concerns such as confinement, floor 
space, group size, injuries and surgical husbandry procedures.

Moving on from welfare challenges in pig production Chapter 7 considers pasture 
systems for pigs. The inclusion of pastures in outdoor pig systems contributes to improving 
welfare and the sustainability of these farming systems, since it reduces the environmental 
impact of pig production, as well as reducing nutrient load and soil compaction and 
thereby improving nutrient distribution. The chapter examines the characteristics and 
consequences of pasture pig systems (including forage), and provides a detailed case 
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study of the pasture pig system developed at the Center for Environmental Farming 
Systems (CEFS), in Goldsboro, North Carolina in the United States.

Chapter 8 considers the welfare of a specific group of pigs, namely gilts/pregnant 
sows. Mismatches between the evolutionary biology of the sow and current commercial 
production systems give rise to welfare challenges of stereotyped behaviour development 
in confined systems and aggression in group housing systems. The chapter describes the 
welfare issues associated with individual confinement systems and examines the nature 
and significance of stereotyped behaviour in gestating sows. The chapter addresses the 
issue of hunger in the pregnant sow, and pressure to adopt group housing systems for 
pregnant sows. The chapter has a particular focus on the importance of social organisation 
in sows and looks in detail at the relationship between aggression in stable groups and 
the method of feed provision available. Finally, the chapter examines sows in extensive 
systems.

Complementing the previous chapter’s focus on pregnant sows, Chapter 9 goes on 
to examine the welfare of another group of pigs: weaned piglets. Concerns about and 
demands for improved animal welfare and animal handling systems from authorities, non-
government organizations (NGOs), markets, and the public in general are increasing. 
Among the phases of pork production with opportunities to improve welfare, the weanling 
period has the greatest opportunity to positively impact most animals. The chapter 
focuses on current practices that can be detrimental to piglet well-being, alternatives and/
or improvements to these, and advances in technology that could improve animal well-
being as well as profitability and sustainability.

Continuing the theme of pig welfare at specific life stages of the pig, Chapter 10 examines 
the welfare of pigs during finishing. Finisher pigs, those of a post-weaning age kept for 
slaughter, make up the majority of the world pig population of approximately 1 billion 
animals. The intensive production system for post-weaned pigs is characterised by higher 
animal density, larger farms, use of concentrated foods and control of the production 
environment, particularly temperature, humidity and lighting. The chapter explores the 
relationship between nutrition management and the welfare of finishing pigs and the links 
between physical and social environment and finisher welfare. The chapter addresses the 
importance of environmental enrichment and ways to avoid tail biting behaviour. Finally, 
the chapter describes methods of practical welfare assessment of finisher pigs.

Chapter 11 looks at issues surrounding the transport and lairage of pigs. Defects in 
meat quality cause huge economic losses for the swine industry each year. Reduction in 
stress prior to slaughter can help alleviate these costs. The chapter describes the main 
events that may contribute to pre-slaughter stress and their impacts on animal welfare 
and pork quality, from on-farm loading facilities and handling to transportation, lairage 
and handling at the slaughter facility. The chapter evaluates the effects of different pre-
slaughter events on animal welfare and pork quality, and describes what producers, truck 
drivers, and slaughter facilities need to do in order to mitigate these factors.

Concluding the volume, and examining the final stage of pig welfare, Chapter 12 
focuses on humane slaughter techniques for pigs. The chapter addresses three stages 
of the slaughter process, namely movement of pigs, stunning, shackling and sticking. 
The chapter considers the challenges associated with group-based handling of pigs 
on the day of slaughter and examines the importance of best practice in surveillance 
and documentation of animal welfare levels on the day of slaughter. Finally, the chapter 
shows how improved value of meat products can be achieved by the adoption of the best 
slaughtering practices.



© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

Index
Access check and external biosecurity  87 
Actinobacillus pleuropneumoniae (APP)  4–5
Adaptable pig  106
Affective experiences  127
African swine fever virus (ASFv)  13–14
Aggression

behavior  115–116
and feed provision method  213–219

BioFix®  215–216
cubicles and partial barriers  215
electronic sow feeding systems 

(ESFs)  217–218
feed level  218–219
floor feeding systems  213–214
pens with individual feeding stalls  214–215
two-yard systems  216–217

All-in, all-out (AIAO) production  88
Animal performance in pasture pig 

systems  170–171
Animal welfare  125–143. see also specific titles

and assessment  126–128
affective state  127
biological functioning  126–127
natural living  127–128

confinement  130–132
indoor and outdoor systems  129–130
overview  125–126
and public education  128–129
safeguarding  139–142

housing system  141–142
management at farm level  140
management at stockperson level   

140–141
monitoring in field  142
science and education  139–140

space and group size  132–133
stereotypies and injuries  133–135

barren environments  134–135
foot and leg injuries  135
lameness  135
restricted feeding/hunger  133–134

surgical husbandry procedures  135–139
castration  138–139
tail docking  136–137

surveillance and documentation of  298–299
Antimicrobial medication  91–92
APP. see Actinobacillus pleuropneumoniae (APP)
Ascarids  19
ASFv. see African swine fever virus (ASFv)
Aujeszky’s disease virus  14
Automated detection systems  244

Behavioural development variation  115–116
Behavioural ecology  104–109

adaptable pig  106
foraging  106

maternal behaviour and early life  107–109
mating  107
parturition  107–109
social  106–107

Behavioural needs of pigs  109–115
tail and ear biting  113–115

BioFix®  215–216
Biological functioning  126–127
Biosecurity measures and management  85
Bordetella bronchiseptica  5–6
Brachyspira hyodysenteriae  6
Brucella suis  6–7

Carcass and meat quality  171
Castration  138–139
Center for Environmental Farming Systems 

(CEFS)  185–189
Classical swine fever (CSF)  14
Cleaning and disinfection  90
Clinical signs and antibiotic usage  82
Clostridium difficile  9–10
Clostridium perfringens  10
CO2 stunning  294–295
Coccidia  19–20

Eimeria spp.  19–20
Isospora suis  19

Confinement of gestating sows  130–132
Coronaviruses  14–15

deltacoronavirus  15
porcine epidemic diarrhoea  15

agent  39
epidemiological presentations  40–44
transmission  39–40

transmissible gastroenteritis virus  15
Cross-fostering  232–233
CSF. see classical swine fever (CSF)
Cysticerci  19

Dead animals and manure  86
Deltacoronavirus  15
Digestibility  166–167
Diseased animal treatment  89
Disease identification  81–84

conclusive diagnosis  81–82
feed and drinking water intake  84
health monitoring  82

clinical signs and antibiotic usage  82
lesions  83–84
pathogens infection and detection  82–83

tentative diagnosis  81
Disease management  84–85

biosecurity measures  85
prevention types  84–85

Disease monitoring  92–94
control measures  93
diagnostics  93



Index306

© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

precision livestock farming  92–93
selection for disease resistance  94

Disease resistance  94
Diseases affecting pigs  3–22, 31–32

case studies  20–21
gram-negative bacteria in  4–9

Actinobacillus pleuropneumoniae  4–5
Bordetella bronchiseptica  5–6
Brachyspira hyodysenteriae  6
Brucella suis  6–7
Escherichia coli  7
Haemophilus parasuis  8
Lawsonia intracellularis  8
Pasteurella multocida  8–9
Salmonella spp.  9

gram-positive bacteria in  9–13
Clostridium spp.  9
Mycoplasma spp.  11–12
Staphylococcus spp.  12–13
tuberculosis  10–11

overview  3–4
parasitic pathogens in  18–20

ascarids  19
coccidia  19–20
cysticerci  19
Sarcoptes scabiei  20
Trichinella spiralis  20
Trichuris suis  20

porcine epidemic diarrhoea (PED)  15
agent  39
epidemiological presentations  40–44
transmission  39–40

viral pathogens in  13–18
African swine fever virus  13–14
Aujeszky’s disease virus  14
classical swine fever virus  14
coronaviruses  14–15
foot-and-mouth disease virus  16
influenza A virus  16–17
porcine circovirus type 2 virus  17
porcine reproductive and respiratory 

syndrome virus  17–18, 32–38
rotaviruses  18

Ear biting  113–115
Ear notching/ear tags  237
Eimeria spp.  19–20
Electrical stunning  293–294
Electronic sow feeding systems (ESFs)  217–218
Environmental enrichment  262–264
Environmental impact of pasture pig 

systems  155–156
Epidemiological presentations of PED  40–44

situation in Europe  42–43
surveillance in Europe  43–44
in United Kingdom  44
in United States  41–42

Escherichia coli  7

ESFs. see Electronic sow feeding systems (ESFs)
External biosecurity  85–87

access check  87
dead animals and manure  86
feed, water and equipment  86–87
herd location and environment  87
purchase policy  85–86
vermin and bird control  87

Farrowing environment  231–232
Feed and water, to farms  86–87
Finishing pigs welfare  255–271

assessment  267–269
outcomes approach  267–268
play behaviour  268–269
vocalisations  269

environmental enrichment  262–264
nutrition management and  256–258

deficiencies and behaviour  257–258
gastric ulcers  256–257
salt  258

overview  255–256
physical and social environment  258–262

flooring and lameness  260–261
group size and stocking density  258–259
mounting behaviour  259–260
outdoor production  261–262

removing straw  265
tail-biting  265–266

Floor feeding systems  213–214
Flooring and lameness  260–261
FMDv. see Foot-and-mouth disease virus (FMDv)
Foot and leg injuries  135
Foot-and-mouth disease virus (FMDv)  16
Forages for pasture pig systems  156–167

digestibility  166–167
intake management  167–169
nutritional value  156–157
pasture intake  163
utilization of nutrients  163–166

Foraging behaviour  106

Gastric ulcers  256–257
Gene editing  245–246
Gestating sows

confinement of  130–132
restricted feeding/hunger in  133–134
space and group size for  132–133

Gilts welfare
and pregnant sows  203–221

aggression and feed provision 
method  213–219

extensive systems  219–220
group housing systems  208
hunger in  207–208
issues of individual confinement 

systems  204–206
overview  203–204



© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

Index 307

social organisation in  209–213
stereotyped behaviour  206

Gram-negative bacteria  4–9
Actinobacillus pleuropneumoniae  4–5
Bordetella bronchiseptica  5–6
Brachyspira hyodysenteriae  6
Brucella suis  6–7
Escherichia coli  7
Haemophilus parasuis  8
Lawsonia intracellularis  8
Pasteurella multocida  8–9
Salmonella spp.  9

Gram-positive bacteria  9–13
Clostridium spp.  9
Mycoplasma spp.  11–12
Staphylococcus spp.  12–13
tuberculosis  10–11

Grazing systems  173–182
Ground cover and pigs  155
Group-based handling of pigs  295–297
Group housing systems  208
Group size and stocking density  258–259
Gut microbiome in young pig  67–70

metabolism and  67
metabolomic analyses and detection 

techniques  67–68
specific pathways  68–70

Haemophilus parasuis (HPS)  8
Health monitoring  82

clinical signs and antibiotic usage  82
lesions  83–84
pathogens infection and detection  82–83

Herd location and environment  87
Housing system design  141–142
HPS. see Haemophilus parasuis (HPS)
Humane slaughter techniques  291–300

group-based handling  295–297
meat products value  299–300
moving to stunning area  293
overview  291–292
shackling and sticking  295
stunning  293

CO2  294–295
electrical  293–294

surveillance and documentation of animal 
welfare  298–299

Hunger in pregnant sow  207–208

IAv. see Influenza A virus (IAv)
IgA. see Immunoglobulins (IgA)
Immune system and microbiota  63–67
Immunoglobulins (IgA)  60
Indoor and outdoor production systems   

129–130, 219–220, 261–262
Influenza A virus (IAv)  16–17
Intermittent suckling (IS)  235

Internal biosecurity  88–90
animal stocking density  88–89
cleaning and disinfection  90
diseased animal treatment  89
herd size  89
housing conditions  89
materials and equipment  88
nutrition and drinking water  90
production system  88

Isospora suis  19
IS. see Intermittent suckling (IS)

Lairage, pigs  279–287
implications for industry practices  286
on-farm loading facilities and handling   

280–281
overview  279–280
at slaughter facility  285–286

at-plant handling  285
duration  285–286

transport  281–285
duration  284–285
season and temperature  281–282
stocking density  284
trailer design and microclimate  282–283

Lameness  135, 260–261, 268
Lawsonia intracellularis  8
Lesions in slaughter pigs  83–84

Maternal behaviour and early life  107–109
Mating  107
Meat products value  299–300
Metabolism and microbiota  67
Metabolomic analyses and detection 

techniques  67–68
Mixed stocking systems  183
Mounting behaviour  259–260
Mucosal immune system  57–63

development in young piglets  62–63
exclusion and oral tolerance  60–62
IgA  60
structure and barrier function  58–60

Mycoplasma hyopneumoniae  11
Mycoplasma hyorhinis  11
Mycoplasma hyosynoviae  11–12
Mycoplasma suis  12

Natural living  127–128
Nutrition and drinking water  90
Nutrition management and finishing pigs   

256–258
deficiencies and behaviour  257–258
gastric ulcers  256–257
salt  258

On-farm loading facilities and handling   
280–281



Index308

© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

Parasitic pathogens  18–20
ascarids  19
coccidia  19–20
cysticerci  19
Sarcoptes scabiei  20
Trichinella spiralis  20
Trichuris suis  20

Parturition  107–109
Pasteurella multocida  8–9
Pasture pig systems  151–189

animal performance in  170–171
carcass and meat quality  171
characteristics  152–153
developed at CEFS  185–189
and environment  153–156

estimation  155–156
impacts on ground cover  155
impacts on soil and soil nutrients  154–155

forages for  156–167
digestibility  166–167
intake management  167–169
nutritional value  156–157
pasture intake  163
utilization of nutrients  163–166

management challenge  172–185
grazing systems  173–182
hogging down  183–184
mixed stocking systems  183
species control  184–185
stocking rate  182–183

overview  151–152
Pathogens infection and detection  82–83
PCV2v. see Porcine circovirus type 2 virus 

(PCV2v)
PED. see Porcine epidemic diarrhoea (PED)
Pheromones and interomones  243–244
Physical castration  235–236
Pig behaviour  103–119

ecology  104–109
adaptable pig  106
foraging  106
maternal behaviour and early life  107–109
mating  107
parturition  107–109
social  106–107

needs  109–115
tail and ear biting  113–115

overview  103
variation in development  115–116

aggressiveness  115–116
Pig farm  77–94

antimicrobial medication  91–92
disease identification  81–84

conclusive diagnosis  81–82
health monitoring  82
tentative diagnosis  81

disease management  84–85
biosecurity measures  85

prevention types  84–85
disease monitoring  92–94

control measures  93
diagnostics  93
precision livestock farming  92–93
selection for disease resistance  94

external biosecurity  85–87
access check  87
dead animals and manure  86
feed, water and equipment  86–87
herd location and environment  87
purchase policy  85–86
vermin and bird control  87

internal biosecurity  88–90
animal stocking density  88–89
cleaning and disinfection  90
diseased animals treatment  89
herd size  89
housing conditions  89
materials and equipment  88
nutrition and drinking water  90
production system  88

overview  77–80
vaccination  90–91

Pig lairage  279–287
implications for industry practices  286
on-farm loading facilities and handling   

280–281
overview  279–280
at slaughter facility  285–286

at-plant handling  285
duration  285–286

transport  281–285
duration  284–285
season and temperature  281–282
stocking density  284
trailer design and microclimate  282–283

Pig production  3–22
animal welfare in  125–143

and assessment  126–128
floor space and group size  130–133
indoor and outdoor systems  129–130
overview  125–126
and public education  128–129
safeguarding  139–142
stereotypies and injuries  133–135
surgical husbandry procedures  135–139

case studies  20–21
gram-negative bacteria in  4–9

Actinobacillus pleuropneumoniae  4–5
Bordetella bronchiseptica  5–6
Brachyspira hyodysenteriae  6
Brucella suis  6–7
Escherichia coli  7
Haemophilus parasuis  8
Lawsonia intracellularis  8
Pasteurella multocida  8–9
Salmonella spp.  9



© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

Index 309

gram-positive bacteria in  9–13
Clostridium spp.  9
Mycoplasma spp.  11–12
Staphylococcus spp.  12–13
tuberculosis  10–11

overview  3–4
parasitic pathogens in  18–20

ascarids  19
coccidia  19–20
cysticerci  19
Sarcoptes scabiei  20
Trichinella spiralis  20
Trichuris suis  20

viral pathogens in  13–18
African swine fever virus  13–14
Aujeszky’s disease virus  14
classical swine fever virus  14
coronaviruses  14–15
foot-and-mouth disease virus  16
influenza A virus  16–17
porcine circovirus type 2 virus  17
porcine reproductive and respiratory 

syndrome virus  17–18, 32–38
rotaviruses  18

Play behaviour  268–269
PLF. see Precision livestock farming (PLF)
Porcine circovirus type 2 virus (PCV2v)  17
Porcine epidemic diarrhoea (PED)  15

agent  39
epidemiological presentations  40–44

situation in Europe  42–43
surveillance in Europe  43–44
in United Kingdom  44
in United States  41–42

transmission  39–40
Porcine reproductive and respiratory syndrome 

virus (PRRSv)  17–18, 32–38
agent  32–33
clinical presentation  33–35
evolution over time  35–37
origin  35
transmission  33
in United Kingdom  37–38

Precision livestock farming (PLF)  92–93
Pregnant sows  203–221

aggression and feed provision method   
213–219

BioFix®  215–216
cubicles and partial barriers  215
electronic sow feeding systems 

(ESFs)  217–218
feed level  218–219
floor feeding systems  213–214
pens with individual feeding stalls   

214–215
two-yard systems  216–217

extensive systems  219–220
group housing systems  208

hunger in  207–208
issues of individual confinement 

systems  204–206
overview  203–204
social organisation in  209–213

dominance hierarchy  210–212
dynamic grouping  212–213

stereotyped behaviour  206
Pre-weaning mortality  230–233

cross-fostering  232–233
farrowing environment  231–232
sow genetics  232

PRRSv. see Porcine reproductive and respiratory 
syndrome virus (PRRSv)

Public education, animal welfare and  128–129

Rotaviruses  18

Salmonella spp.  9
Sarcoptes scabiei  20
Science and education  139–140
Season and temperature  281–282
Segregated early weaning  234–235
Semiochemicals  243–244
Shackling and sticking  295
Social behaviour  106–107
Social organisation in sows  209–213

dominance hierarchy  210–212
dynamic grouping  212–213

Soil nutrients and pigs  154–155
Sow genetics  232
Space and group size for gestating sows  132–133
Staphylococcus aureus  12
Staphylococcus hyicus  12
Stereotyped behaviour  206
Stereotypies and injuries  133–135

barren environments  134–135
foot and leg injuries  135
lameness  135
restricted feeding/hunger  133–134

Stocking density  88–89, 284
Stocking rate  182–183
Straw provision  265
Streptococcus suis  13
Stunning  293

CO2  294–295
electrical  293–294
moving pigs to area  293

Surgical husbandry procedures  135–139
castration  138–139
tail docking  136–137

Tail-biting  113–115, 265–266
Tail docking  136–137, 238–239
Tail lengths  267
Teeth clipping/resection  240–241
TGEv. see Transmissible gastroenteritis virus 

(TGEv)



Index310

© Burleigh Dodds Science Publishing Limited, 2018. All rights reserved.

Trailer design and microclimate  282–283
Transmissible gastroenteritis virus (TGEv)  15
Transport of pigs  281–285

duration  284–285
season and temperature  281–282
stocking density  284
trailer design and microclimate  282–283

Trichinella spiralis  20
Trichuris suis  20
Trickle-feed systems. see BioFix®

Tuberculosis  10–11
Two-yard systems  216–217

Vaccination  90–91
Vermin and bird control  87
Viral pathogens  13–18

African swine fever virus  13–14
Aujeszky’s disease virus  14
classical swine fever virus  14
coronaviruses  14–15
foot-and-mouth disease virus  16
influenza A virus  16–17
porcine circovirus type 2 virus  17
porcine reproductive and respiratory 

syndrome virus  17–18, 32–38
agent  32–33
clinical presentation  33–35
evolution over time  35–37
origin  35
transmission  33
in United Kingdom  37–38

rotaviruses  18
Vocalisation by pigs  269

Weaned piglets welfare  229–246
alternatives to castration  236

alternatives to ear notching/ear tags   
237–238

alternatives to tail docking  240
alternatives to teeth clipping  241–242
ear notching/ear tags  237
new technologies  242–246

automated detection systems  244
gene editing  245–246
pheromones and interomones  243–244

overview  229–230
physical castration  235–236
pre-weaning mortality  230–233

cross-fostering  232–233
farrowing environment  231–232
sow genetics  232

stress  233–235
intermittent suckling  235
segregated early weaning  234–235

tail docking  238–239
teeth clipping/resection  240–241
transportation  242

Welfare issues of confinement systems  204–206

Young pig  55–71
gut microbiome  67–70

metabolism and  67
metabolomic analyses and detection 

techniques  67–68
specific pathways  68–70

immune system and microbiota  63–67
mucosal immune system  57–63

development  62–63
exclusion and oral tolerance  60–62
IgA  60
structure and barrier function  58–60

overview  55–57


