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Abstract 

The assessment of health and treatment of illness and injury in weaner pigs is of 

vital importance to the piggery industry. The ability to identify early sickness 

behaviours and have methods to measure recovery of these animals will enhance 

production and improve animal wellbeing.  In addition the administration of 

analgesic/anti-inflammatory drugs to ill or injured animals provides pain relief 

and improves recovery.  The aim of this thesis was to improve pig health and 

welfare management by focussing on “best practice” detection and management 

of adverse stimuli.  This was to be achieved by assessing pigs’ responses to 

adverse stimuli on farm, using common and novel techniques, and assisting the 

pigs ability to cope with adverse stimuli, mainly through the application of non-

steroidal anti-inflammatory agents.  Initial results from a producer survey 

indicated that producers have a good understanding of anti-inflammatory drugs 

and their application, it also highlighted that behaviour was one of the most used 

tools to assess pain in animals.  The importance of behaviour in assessing 

recovery was emphasised in the first experiment which compared new and 

existing tools to assess the recovery of ill or injured weaner pigs, infrared eye 

temperatures were correlated to rectal temperatures and pigs treated with 

ketoprofen spent more time standing that pigs administered meloxicam.  Two 

further studies were conducted to determine the efficacy of three different 

analgesic drugs on an inflammation model.  The first of these was designed to 

determine a suitable inflammation model to be used in pigs.  It compared 

inflammatory properties of turpentine, Improvac®, Neovac® and saline, results 

indicated that Improvac® injection gave a similar acute phase response to 
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turpentine and it was established that it was suitable to be used as an 

inflammation model to test anti-inflammatory medications.  The second of these 

studies compared meloxicam, ketoprofen and dexamethasone, both meloxicam 

and ketoprofen showed anti-pyretic properties and ketoprofen treated pigs had 

lower haptoglobin concentrations.  The final experiment compared efficacy of 

meloxicam and ketoprofen in a commercial setting on naturally occurring 

lameness in weaner pigs, it also aimed to determine if administering anti-

inflammatory medicaments for a longer period of time that currently advised 

improves recovery rates.  Responses were similar for both anti-inflammatory 

drugs and it was concluded that the administration of either anti-inflammatory 

drug will assist in recovery during the acute phase of lameness.  Additional 

treatments did not appear to alter recovery rates.  This thesis determined that 

behaviour was a practical, subtle measure to identify illness and injury in pigs, 

further research into the novel assessment measures of infrared eye temperatures 

and tear staining is needed before they could become practical tools within 

production and that ketoprofen and meloxicam can be considered equally 

effective in assisting recovery in weaner pigs.   
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MBST   Mean body surface temperature 
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NSAID Non-steroidal anti-inflammatory drug 

PGE2  Prostaglandin E2 

Pig-MAP Pig – Major Acute Protein 

RT  Rectal temperature 

TNF  Tumour necrosis factor 

WBC  White blood cells 
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Thesis Structure 

This thesis presents a series of experiments designed to assess and alleviate 

adverse stimuli in weaner pigs.  This includes the assessment of common and 

novel techniques used to assist in the early identification of ill pigs, the 

assessment of recovery of ill or injured pigs and assessing the efficacy of various 

analgesic/anti-inflammatory agents.  Chapter 1 provides a literature review 

displaying background information and highlighting current research in this field.  

Chapters 2, 3, 4 and 5 are presented as peer reviewed publications with Chapter 2 

already being published, Chapter 3 is an unpublished article due to restrictions 

placed on us by the commercial piggery management. This article has been 

developed into a brief communication focussing on infrared eye temperatures and 

will be submitted to the Journal of Swine Health and Production (Appendix 3).  

Chapters 4 and 5 have been submitted to the respective journals.  Because these 

chapters are presented as papers formatting may differ and the explanation of 

some experimental techniques has been repeated.  Chapter 6 presents integrative 

conclusions from all the experimental work of this thesis and relates back to the 

issues discussed in the introduction.  Reference lists are provided at the end of 

each chapter. 

Chapter 2 is a survey completed by Victorian pig producers.  It aimed to 

determine producer perceptions towards and management strategies towards the 

detections, alleviation of pain and management of sick, injured and heat stressed 

pigs.  It highlighted that behaviour is one of the main tools to identify ill, injured 
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or heat stressed pigs and that producers do have a good understanding of the 

importance of analgesic/anti-inflammatory drugs in aiding recovery. 

Chapter 3 compares new and existing tools to assess the recovery of ill or injured 

weaner pigs being admitted into a hospital pen and administered either meloxicam 

or ketoprofen.  It showed that behaviour was the most sensitive measure to 

recovery with pigs being administered ketoprofen spending less time lying than 

pigs administered meloxicam.  It also demonstrated that the novel tool of 

assessing body temperature by infrared eye temperatures were able to detect small 

differences in body temperature. 

Chapter 4 investigates the possibility of using a vaccine as an inflammation model 

in pigs, and subsequently using this vaccine to determine the efficacy of three 

different anti-inflammatory drugs.  It showed that the administration of the 

vaccine Improvac® had similar acute phase protein responses to an injection of 

turpentine and was deemed suitable to use as an inflammation model.  The testing 

of meloxicam, ketoprofen and dexamethasone on induced inflammation showed 

that meloxicam and ketoprofen both showed anti-pyretic properties and 

ketoprofen treated pigs had lower haptoglobin concentrations that all other 

treatment groups. 

Chapter 5 compared the efficacy of ketoprofen and meloxicam on naturally 

occurring lameness in a production setting, and investigated if the length of time 

that NSAID’s are administered for is sufficient for recovery due to the chronic 

nature of lameness.  It found that there was a decrease in lying time with the 

administration of ketoprofen and meloxicam during the acute phase of the disease 
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and extended treatment with NSAIDs tended not to improve recovery rates in 

weaner pigs suffering from lameness. 

There are a wide variety of factors that influence the assessment and alleviation of 

adverse stimuli.  Chapter 6 is a general discussion and summarises the findings of 

this thesis and discusses issues that were identified in the studies. 
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Chapter 1 

 

General Introduction 
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1. Overview of animal welfare 

The difficulty in measuring animal welfare is that individuals have different 

concepts of what is classed as good or poor welfare.  This may occur due to 

geographical, religious or individual differences (Broom, 1988).  Whilst, 

individuals may have their own moral concerns about what is classed as good 

welfare, the development of government guidelines to ensure high animal welfare 

standards for animal agricultural industries is one step towards alleviating these 

concerns.  This has been demonstrated by the increase in animal welfare research 

over the last decade, emphasising the worldwide commitment shown by 

governments and the animal production industry towards ensuring animal 

wellbeing.  For example, in 2005, 167 countries signed the World Organisation of 

Animal Health global guidelines for animal welfare (OIE, 2005).  At this time 

some of these countries did not have their own animal protection legislation 

(Fraser, 2008). 

Personal views, in conjunction with the many behavioural and physiological 

changes that appear in times of poor welfare has resulted the description and 

definition of welfare still being debated.  For example, Fraser et al. (1997) 

suggests that there are three overlapping ethical concerns commonly expressed: 

(1) animals should be able to use their natural adaptations and capabilities to 

ensure normal development; (2) they should not suffer from prolonged or intense 

fear, pain or other negative situations, but still need to experience normal 

activities; and (3) they should be healthy in terms of growth, and the functioning 

of physiological and behavioural systems.  Webster (2001) discusses the five 
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freedoms: (1) freedom from thirst hunger and malnutrition; (2) freedom from 

discomfort; (3) freedom from pain injury and disease; (4) freedom to express 

normal behaviour; and (5) freedom from fear and distress.  Webster (2001) then 

defines welfare as ‘the welfare of a sentient animal is good if it sustains fitness 

and avoid suffering’.  Whereas, Broom (1991) defined welfare as ‘the state of an 

individual in relation to its environment’.  The above descriptions and definitions 

of welfare, whilst, using different wording, all emphasise the importance of not 

only the biological and behavioural states of the animal, but also the underlying 

feelings and needs of the animal to promote good health and welfare. 

The concept of welfare involves the level of suffering of an animal, and its ability 

to cope (Dantzer, 2002).  Suffering can occur when an animal is not able to access 

one of the wide variety of needs that make life possible.  A need is a deficiency in 

an animal that can be remedied by obtaining a particular resource or responding to 

a particular environmental or bodily stimulus.  For example, these needs may be 

simple such as the need for feed and water, or they may be more complex, which 

may include the need to fight disease, reproduce or have social interactions with 

other members of the same species (Broom, 1991).  Dawkins (2004) suggests that 

using the two questions “Are the animals healthy?” and “Do they have what they 

want?” incorporates the physical and mental needs of the animal and may be an 

alternative but effective way to measure animal welfare. 

When an animal is not able to fulfil their physical and mental needs it either copes 

or it is unable to cope (Smulders et al., 2006).  Coping implies having control of 

mental and bodily stability (Faucitano and Schaefer, 2008); animals that are 

unable to cope show clinical signs of disease or decreased production (Koolhaas 

et al., 1999) resulting in compromised welfare.  Animals suffering from poor 
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welfare often show a variety of changes biological function and behaviour.  

However, signs of poor health differ between individual animals and type of 

stress (Broom, 1991).  For example, a pig suffering from heat stress can show 

distress through panting (Huynh et al., 2005b), disease may result in high rectal 

temperatures (Petersen et al., 2002b) as well as self-isolation (Broom, 2006) or 

heat-seeking postures (Johnson, 2002) and social stress can result in decreased 

lymphocyte activation and IgG concentrations (Tuchscherer et al., 1998) as well 

as behavioural changes, such as increased social interaction and time spent sitting 

(Dybkjær, 1992).  Therefore, to gain a full insight on the welfare of ill and injured 

animals a wide range of behavioural, clinical and physiological measures were 

incorporated into this thesis. 

2. Welfare regulations within the Australian pig industry 

The second half of the 20th century saw major changes in farm animal production 

worldwide, with a steady increase in meat production.  This occurred mainly in 

animal species that are fed on grain and other concentrated diets.  Between 1961 

and 2001, pig production increased by 84% worldwide (Fraser, 2008) due to 

changes in production methods with extensive production systems giving way to 

intensive systems (Fraser, 2001). 

With both farm size and intensity of housing increasing, and targeted animal 

activists campaigns against large scale intensive pork production systems, there 

has been greater interest in pig welfare (Barnett et al., 2001).  The majority of 

public debate has centred on production systems with full environmental control, 

high stocking rates, fully slatted flooring, no straw bedding and limited contact 

with stock persons (Gade, 2002).   
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To address welfare concerns the Australian Codes of Practice were developed.  

The Codes of Practice concerning farming welfare practices were first developed 

as national guidelines in the 1970s and 1980s.  Since then the Codes of Practices 

have been developed, revised and updated, forming the Model Codes of Practice 

for the Welfare of Animals (MCOP).  Each state has its own Code of Practice 

formed with regards to the MCOP (Cao, 2010).  The MCOP for pigs was revised 

in 2007 and sets the “minimum welfare standard” for pig production within 

Australia. These standards address all areas of the piggery industry, from 

euthanasia to stockperson competency (Department of Primary Industries, 2008).  

In addition, Australian Pork Limited (APL), the representative body of the pig 

industry in Australia, has also developed its own set of standards known as the 

Australian Pig Industry Quality Assurance Program (APIQ®).  Whilst APIQ® 

adoption is voluntary, export processors and domestic processors in some States 

will only accept pigs reared on APIQ®-certified properties (Australian Pork 

Limited, 2010b).  Both the MCOP and APIQ® place a high emphasis on best 

practice identification and appropriate management of compromised pigs. 

3. The importance of being able to assess compromised pigs 

The information included in the MCOP and APIQ® regarding the assessment and 

treatment of compromised pigs is essential when developing management 

practices (Department of Primary Industries, 2008; Australian Pork Limited, 

2010a).  But, these guidelines cannot be met without experienced stockmanship 

and/or hands-on training and assessment (Whittemore, 1993).   

Traditionally animal health and welfare evaluations have been based on 

subjective assessments of debilitative signs (Weary et al., 2009b).  Alternatively, 
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these debilitative signs are known as clinical signs of illness.  This has been 

defined as any change which indicates illness or injury which is recognisable by 

piggery personnel’ according to (Loeffen et al., 2003).  However, as each 

individual animal copes differently to adverse stimuli, signs of stress may differ 

significantly (Broom, 1991).  It is important to have a wide range of clearly 

defined clinical criteria to assess animals (Weary et al., 2009b).  In addition, there 

has been increased interest in developing new non-invasive methods to identify 

and assess compromised animals (DeBoer et al., 2015).  Non-invasive methods 

are preferred as they reduce stress on the animal and its handler (Mason et al., 

2004).  An objective of the research reported in this thesis was to assess the 

effectiveness of common and novel techniques to help identify compromised pigs.  

A production benefit of being able to assess compromised pigs is that not only 

does it increase animal wellbeing, it can indirectly increase producer profitability.  

For example, decreasing the incidence of injury can result in higher meat quality 

(Schwartzkopf-Genswein et al., 2012) or minimising disease can result in higher 

weight gains (Stark, 2000).  

4. Causes of adverse stimuli in pigs 

A stimulus can be defined as ‘a change detectable by the body’ (Sherwood et al., 

2005, p. 198).  When an animal is subjected to an aversive stimulus, it is exposed 

to a change which a negative influence to the body.  This results in a series of 

responses that can typically cause alterations in autonomic, neuroendocrine, or 

immune function, also behavioural changes (Pond and Bell, 2004).  Pigs are 

exposed to a wide range of adverse stimuli throughout their lifetime.  This can 

include but is not limited to weaning (Carroll et al., 1998), transport (Becerril-
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Herrera et al., 2010), temperature (Collin et al., 2001), disease (Reiner et al., 

2009), injury (Heinonen et al., 2010) or even routine procedures i.e. castration, 

tail docking or vaccinations (Prunier et al., 2005; Fangman et al., 2011).   

The stress of illness and injury not only has an effect on animal wellbeing, but 

also a production cost (Smith, 1998).  The most frequent time for pigs to fall ill is 

at weaning.  This may be due to the combined stress of leaving the mother, a 

change in diet, sudden co-mixing in large numbers and an impaired immune 

system due to their young age (Faucitano and Schaefer, 2008).   

4.1. Pain and inflammation 

Pain is primarily a protective mechanism which allows the body to realise that 

tissue damage is occurring or about to occur.  Pain has been defined as “an 

adversary sensory and emotional experience representing an awareness by the 

animal of damage or threat to the integrity of tissues.  It changes the animal’s 

physiology and behaviour to reduce or avoid damage, to reduce the likelihood of 

recurrence and promote recovery” (Molony and Kent, 1997).  There are three 

common classifications of pain; nociceptive pain, inflammatory pain and 

neuropathic pain (Zeilhofer, 2007).  Nociceptive pain originates from the acute 

activation of primary nociceptive nerve fibres.  Inflammatory pain originates from 

all forms of inflammation, and neuropathic pain originates from the damage of 

peripheral or central nerves and neurons (Zeilhofer, 2007).  A focus of this thesis 

was the reduction of nociceptive and inflammatory pain through the use of 

analgesic/anti-inflammatory drugs. 

Mast cells play a key role in initiating the inflammation process.  When tissue 

damage occurs mast cells that reside in the skin, plus others attracted by skin 
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damage, degranulate in response to trauma releasing a variety of inflammatory 

mediators.  These include tumour necrosis factor (TNF), interleukin (IL)-1, IL-6 

(Watkins et al., 1995), bradykinin, serotonin, histamine and prostaglandins 

(Averbeck and Reeh, 2001).  Inflammatory mediators play various roles in 

informing the body of the perception of pain and starting the inflammatory 

process.  Bradykinin, serotonin, prostaglandins and histamine work together to 

excite or sensitise nociceptors (Hong and Abbott, 1994; Kress et al., 1997). They 

also induce the release of substance P, calcitonin gene related peptide (CGRP) 

and prostaglandin E2 (PGE2) from peripheral nerve terminals (Averbeck and 

Reeh, 2001), which enhances the perception of pain and inflammation response 

(Costigan and Woolf, 2000; Basbaum et al., 2009).  Bradykinin causes blood 

vessels to dilate (Marceau et al., 1983), serotonin is a vasoconstrictor (Golino et 

al., 1989) and histamine increases permeability of capillaries (Killackey et al., 

1986).  Prostaglandins are one of the most important inflammatory mediators 

(particularly PGE2) (Hata and Breyer, 2004). They have multiple roles in 

inflammation and immune modulation.  For example, they cause vasoconstriction 

(Williams, 1979), and regulate the function of many cell types, including 

macrophages, dendritic cells, T and B lymphocytes leading to both pro-and anti-

inflammatory effects (Hata and Breyer, 2004).   

Nociception is the process of a noxious stimulus causing the perception of pain by 

the brain.  It is initiated by any sufficiently damaged tissue within the body that 

contains the appropriate number and type of these nerve receptors (Short, 1998).  

There are different varieties of nociceptors which respond to mechanical (cuts and 

bruises), chemical (acid) or thermal (heat and cooling) changes (Carstens and 

Moberg, 2000).  There are even ‘sleeping’ nociceptors which do not immediately 
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respond to damage but begin to respond during the development of inflammation 

(Besson, 1999).  The nociceptive system begins in the peripheral tissues, signals 

are transmitted through the spinal cord, to the brain stem and thalamus, and 

finishes in the cerebral cortex where the pain sensation is received (Romich, 

2010, p. 192).  However, no single area of the cerebral cortex is specifically 

responsible for the perception of pain (Sawyer, 1998).  Nociceptors are 

specialised transducers attached to A-delta and C fibres (Loeser and Melzack, 

1999); they are found in most groups of vertebrates, including mammals, birds, 

reptiles, amphibians and fish (Sneddon et al., 2014).  Although, the proportion of 

A-delta and C fibres may differ between groups (Sneddon et al., 2014).  A-delta 

fibres are responsible for signalling “first pain” and transmit signals at rates of up 

to 30 m/sec from mechanical and thermal nociceptors.  C fibres are associated 

with a “slow pain” and transmit signals at 12 m/sec from polymodal nociceptors. 

Polymodal nociceptors respond to all kinds of stimuli, including chemicals 

released from injured tissue (Lamont et al., 2000; Sherwood et al., 2005, p. 242).  

The most abundant polymodal nociceptor is the ‘chili pepper receptor’, it is 

responsible for inflammatory pain. (Winter et al., 1995).   

Inflammation results from the release of a complex mixture of cytokines and 

other neuroactive agents at the site of tissue damage, by inflammatory and non-

inflammatory cells (Costigan and Woolf, 2000).  It is designed to be a protective 

measure, first by removing the chemical, physiological or biological cause of 

damage and then by returning tissue function to normal (Lees et al., 2004).  If 

inflammation is caused by a pathogen, it limits its spread, kills and removes the 

pathogen through phagocytosis.  If it is identified as an antigen, inflammation 

initiates general tissue repair processes (Watkins et al., 1995).  It is characterised 
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by redness and warmth, swelling, pain and a decreased range of motion (Romich, 

2010, p. 362). 

The number of capsaicin sensitive receptors increase with inflammation 

(Sherwood et al., 2005, p. 243).  They are responsible for the release of many 

agents that regulate the inflammation process (Richardson and Vasko, 2002).  For 

example, they release the neuropeptides substance P and CGRP (Holzer, 1988) 

resulting in the degeneration of mast cells.  There is also evidence that these 

sensory neurons produce the enzyme cyclooxygenase which synthesises pro-

inflammatory prostaglandins (Richardson and Vasko, 2002) and are able to 

induce production of nitric oxide which is a potent vasodilator (Besson, 1999). 

In addition, adenosine triphosphate (ATP) is released at the injury site and 

increases the secretions from sensory neurons (Burnstock and Wood, 1996).  

Macrophages release cytokines (IL-1, IL-6 and TNF) and growth factors (Watkins 

et al., 1995).  Bradykinin is released from multiple cell types and induces 

vasodilation, vascular permeability and stimulates immune cells (Walker et al., 

1995; Zeilhofer, 2007).  Histamine induces local vasodilation and increased 

vascular permeability (Sherwood et al., 2005, p. 434).  Prostaglandin (particularly 

PGE2) induces vasoconstriction (Williams, 1979) and regulates many cell types, 

including macrophages, dendritic cells, T and B lymphocytes (Hata and Breyer, 

2004). 

These agents, plus others, make up the body’s complex defence system against 

inflammation.  The overall response is designed to boost fluid levels and cell 

entry into the inflammatory site, allowing an increase in movement of immune 
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cells into the inflamed area. This enhances the clearance of any foreign bodies, 

and facilitates recovery (Watkins et al., 1995).  

4.2. Illness 

Illness occurs when a pathogen breaches the body’s surface, enters the internal 

environment, multiplies and impedes normal body functions (Evers, 2006).  

Innate or natural immunity is the immediate ability of a host to prevent and limit 

these infectious challenges.  The innate immune system is considered to provide 

rapid but incomplete host defence until the slower, more definitive, acquired 

immune response develops (Gasque et al., 2000).  The essential differences 

between the two systems is the means by which they recognise microorganisms 

(Fearon and Locksley, 1996). 

The innate immune response breaks cells into either innocuous or potentially 

noxious categories (Gasque, 2004).  It relies heavily on macrophages, 

polymorphonuclear leukocytes (neutrophils, basophils and eosinophils) and mast 

cells for the identification of foreign pathogens (Janeway and Medzhitov, 2002).  

They eliminate noxious cells through phagocytosis or by presenting antigens to 

the T and B lymphocytes (Gordon, 1998).   

Macrophages identify carbohydrate structures (Gasque, 2004), such as 

lipopolysaccharides, which are a common constituent of the outer membranes of 

Gram-negative bacteria.  They are found in body tissue so that when bacterial 

invasion occurs they can immediately begin phagocytising foreign microbes.  

Whilst not present in sufficient numbers to meet the challenge alone they defend 

against infection for the first hour or so, until other mechanisms can be mobilised 

(Sherwood et al., 2005, p. 433).  They are the mature form of monocytes which 
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circulate in blood (Cavaillon, 1994).  It has been suggested that they are the most 

versatile cell within the body (Lingen, 2001).  They perform a wide variety of 

functions including phagocytosis, antigen presentation, the co-activation of T and 

B lymphocytes, anti-tumour activity and anti-infectious actions (Cavaillon, 1994).  

This occurs through the excretion of more than 100 different substances (Nathan, 

1987) which includes, but is not limited to, IL-1, IL-8, IL-10, IL-12, TNF-α and γ 

(Bednarek et al., 1999).  Many of these substances are responsible for the 

induction of the acute phase response (Fearon and Locksley, 1996). 

Neutrophils are the first of the leucocytes to be transported to the site of 

inflammation, followed by the slower moving monocytes.  Within a few hours 

after the onset of the inflammatory response the number of neutrophils can 

increase by up to 4 to 5 times of the normal number (Sherwood et al., 2005, p. 

430).  The primary role of neutrophils is phagocytosis (Lingen, 2001).  However, 

they also produce and release pro-inflammatory cytokines, such as TNF-α, IL-1β 

and mediators such as prostaglandins (Cunha et al., 2008)  

Basophils release enzymes and cytokines in response to antigen or injury (Starr et 

al., 2015).  When activated they release histamine, IL-4 and IL-13.  It has been 

suggested that basophils are the only leukocyte containing preformed IL-4.  The 

rapid release of this IL-4 upon stimulation may have an impact on the outcome of 

a primary infection by inducing T cell differentiation to the Th2 phenotype 

(Falcone et al., 2000).  Mast cells and basophils have similar properties, but differ 

in location and life span, mast cells have a long life span and are located in skin 

and tissue.  Where basophils mature in bone marrow, circulate in the blood and 

have a life span of only several days.  They have a high affinity for IgE but 

constitute less than 1% of circulating leukocytes, making them one of the least 
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common cell linages found in peripheral blood (Mukai et al., 2005).  The 

physiological role of basophils remains unknown, although they are thought to 

play a role in host defence, especially against parasites (Stone et al., 2010). 

The presence of eosinophils in blood and tissue is usually a sign of helminth 

infection, allergy, asthma, gastrointestinal disorder or other rare disorders (Stone 

et al., 2010).  Eosinophils have a unique contribution in initiating inflammatory 

and adaptive responses due to their interactions with dendritic cells and T cells, as 

well as their large panel of secreted cytokines and soluble mediators (Blanchard 

and Rothenberg, 2009).  

The acquired immune response involves lymphocytes.  There are various 

categories of lymphocytes including natural killer lymphocytes, B lymphocytes, T 

lymphocytes, T helper cells and T suppressor cells (Martin and Muir, 1990).  B 

and T lymphocytes rearrange the structure of their immunoglobulins and T cell 

receptors by V(D)J recombination to create unique antigen receptors (McBlane et 

al., 1995).  When B cells bind with an antigen it causes the cell to differentiate 

into a plasma cell and produce immunoglobulins against the foreign pathogen.  

When T cells are exposed to a specific antigen, two types of T cells appear.  

Helper T cells help coordinate the transfer of B cells into antibody secreting cells 

(Scanes, 2003, p. 318), increase activity of cytotoxic T cells and activate 

macrophages (Sherwood et al., 2005, p. 450).  Cytotoxic T cells are responsible 

for the cell mediated immune response, where T cells need to be touching the 

foreign pathogen to release chemicals which destroy them (Evers, 2006). 
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4.3. Heat stress 

The regulation of core body temperature depends on the nervous system’s ability 

to sense and respond to environmental and body temperature (Bicego et al., 

2007).  It relies on thermoreceptors located throughout the body, including but not 

limited to, skin, deep tissue, the hypothalamus and other areas of the brain (Bligh, 

1979).  In particular, the preoptic area has shown to have a central role in 

thermoregulation (Romanovsky, 2007).  It is part of the anterior hypothalamus 

and contains both warm-sensitive and cold-sensitive neurons (Brück and Hinckel, 

1982).  The warm-sensitive neurons are naturally aware of the hypothalamic 

temperature and they receive information sent from thermoreceptors located 

throughout the body (Bicego et al., 2007).  As body temperature increases they 

send excitatory signals to vasodilator neurons, and inhibitory signals to 

vasoconstrictor neurons in the midbrain, essentially controlling blood flow to 

maintain homeostasis (Nagashima et al., 2000). 

As the ambient temperature rises and the body is unable to maintain core body 

temperature by vasodilation alone, other heat loss methods are initiated.  These 

include thermoregulatory behaviour and evaporative cooling, through sweating, 

spreading saliva or panting (Morrison and Nakamura, 2011).  As pigs have few 

sweat glands they rely heavily on panting and behavioural changes to regulate 

body temperature (Fraser, 1970). 

Behavioural indicators of heat stress in pigs can include, increased distance 

between adjacent pigs, especially when lying (Huynh et al., 2006) and a reduction 

in feed intake (Collin et al., 2001)  Physiological indicators of heat stress in pigs 

can include increased respiration rate (Huynh et al., 2005a), increased rectal 
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temperature (Christon, 1988), elevated cortisol and adrenaline concentrations 

(Becker et al., 1997), as well as a decrease in thyroid activity (Christon, 1988). 

5. Behavioural changes associated with adverse stimuli 

Natural behaviour has been defined as behaviour that animals have a tendency to 

exhibit under natural conditions, because these behaviours are pleasurable and 

promote biological functioning (Bracke and Hopster, 2006).  However, this 

definition is lacking, as natural behaviour also includes non-pleasurable actions 

which were designed to cope with adverse stimuli.  For example, piglets huddle in 

the cold, pant in the heat and give distress calls when isolated from litter mates 

(Fraser et al., 1997).  The use of behaviour as an assessment tool has a number of 

major advantages: it is non-invasive; it tends to be non-intrusive; and it is the 

result of the animal’s own decision making processes (Dawkins, 2004).  As 

behaviour is a result of the animal’s own decision making process, it makes it a 

powerful tool in determining if the animal is suffering from some form of adverse 

stimuli.  In research settings it has been extensively used in pigs to identify illness 

(Weary et al., 2009a), pain (Llamas Moya et al., 2008), fear (Andersen et al., 

2000) and stress (Breuer et al., 2003).  For example, Dalmau et al. (2009) found 

that a reluctance to move and wanting to turn back were good indicators of fear in 

pigs undergoing novel object tests and Dybkjaer (1992) reported that stress 

induced by crowding, mixing with non-littermates and a lack of straw induced an 

increase in belly-nosing, manipulating other piglets, chewing the chain and 

increased time spent sitting passively in weeks 2 and 4 after weaning.  However, 

there may be issues successfully transferring behavioural indicators into a suitable 

format for industry personnel who need to assess a large number of pigs at the one 
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time.  When assessing behavioural changes in pigs a variety of measures need to 

be considered, such as, social behaviour (isolation), comfort behaviour (position 

and posture), locomotor activity (lameness) and the response to humans 

(reluctance to move) during routine checks.  Any change in these can suggest that 

the pig is suffering from some sort of adverse stimuli.  For example, when a pig is 

showing signs of lethargy and isolation this is could be indicative of sickness 

(Dantzer and Kelley, 2007).   

It is also important to recognise that behaviour is influenced by both ‘feelings’ 

and experience.  For example, Jensen et al. (1996) found that long-term stress 

resulted in behavioural adaptation in pigs.  This was accomplished by 

administering electric shocks up to five times a day.  During days 1-3 there was 

an increase in behavioural transitions (e.g. attempting to flee, writing, and 

suppressed behaviours), after 9-10 days these behavioural changes were only 

evident through the morning period when stress treatment was conducted and by 

day 30-31 only a passive behavioural response was evident.  This was 

characterised by an increase in the amount of time spent sitting.  These results 

suggest that over time pigs became familiar with the research protocol, learnt by 

day 9-10 that the treatments would only occur in the morning, and by day 30-31 

they stopped fighting the treatment.  It is reasonable to suggest that in stressful 

situations these pigs would show a different behavioural pattern than pigs that had 

not had this experience.  Olsson et al. (1999) examined the social receptivity of 

pigs reared in conventional (standard farrowing crate) or enriched (free ranging 

sows with piglets) conditions.  When these pigs were exposed to an intruder in 

their home pen, those in enriched conditions showed an increase in aggression 

towards the newcomer compared to the pigs raised in conventional conditions.  In 
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addition, the pigs raised in conventional conditions inflicted more wounds on 

each other than pigs housed in an enriched environment.  Day et al. (2002) 

investigated the effect of straw on the behaviour of pigs and whether previous 

expose to straw had a behavioural effect. They determined that pigs who had 

previous exposure to straw had higher incidences of biting other pigs when straw 

was not provided.  These studies illustrate how something as simple as how the 

animal is housed can affect the animals’ ‘feelings’ and experience, which, in turn 

affects how it interacts with other members of the species.  Behavioural 

alterations can also occur for positive experiences.  Hemsworth et al. (1996) 

showed that pigs fed in the presence of a human associated feeding with a 

positive rewards and came within 0.5 m of the humans quicker than the control 

animals.  These researchers proposed that associating a rewarding experience with 

the handler resulted in the pigs being less fearful.  Therefore, it is possible that 

similar behavioural changes may be evident in pigs that have previously suffered 

from illness or injuries in a production setting. 

5.1. Sickness and pain behaviour 

Behavioural changes have been noted across a wide range of animal species in 

response to bacterial, viral and parasitic infections (Millman, 2007).  Johnson 

(2002) put forward two hypotheses regarding why clinical signs of sickness 

occur: (1) sickness behaviour is caused by a change in energy resources from 

normal everyday systems to host defence systems; or (2) sickness behaviour is an 

adaptive response by the host animal which enhances disease resistance and 

facilitates recovery.  Currently the second hypothesis is favoured due to the role 

that cytokines have within the immune system (Hart, 1988; Aubert, 1999; Dantzer 

and Kelley, 2007).  The acute phase response floods the system with pro-
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inflammatory cytokines (Kent et al., 1992).  This causes the brain to induce the 

common clinical signs of sickness (Dantzer and Kelley, 2007).  It has been shown 

that if macrophages are unable to produce cytokines, the immune system is unable 

to communicate with the body, and animals do not display sickness behaviour 

(Johnson, 1997; Finck et al., 1998).  While there is still some contention regarding 

the cause of sickness behaviour, the occurrence of sickness behaviour allows 

management to design and implement protocols that ensure all ill pigs are 

receiving optimal treatment.  In addition, the disappearance of sickness 

behaviours after treatment with analgesic/anti-inflammatory drugs provides a 

viable method to assess recovery and the efficacy of treatments. 

Sickness behaviours often include listlessness, fatigue and reduced social 

interaction (Gregory, 1998).  In some cases sickness behaviours can be subtle and 

difficult to identify.  Whilst behavioural changes can be indicative of 

compromised welfare, the animals’ own attitude, responsiveness and 

physiological parameters need to be considered.  It is for this reason that piggery 

producers need to have clearly defined procedures to identify and treat ill animals 

whilst still in the early stages of infection. 

Isolation is commonly associated with sickness.  It has been suggested that this 

change in behaviour is an adaptive response designed to enhance recovery 

(Johnson, 2002).  For example, it has been hypothesised that isolation may play a 

protective role to inhibit pain infliction by pen mates (Hay et al., 2003) or it could 

be an attempt to reduce the chance of disease transmission to other animals 

(Broom, 2006).  This altered behaviour may result in postural changes.  Postural 

changes have shown to be an objective indicator of illness (Merlot et al., 2004; 

Escobar et al., 2007).  For example, Gregoire et al (2013) demonstrated that lame 
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pigs spend more time lying than non-lame pigs.  Pigs infected with Porcine 

Reproductive and Respiratory Syndrome Virus and Escherichia coli spent more 

time lying than healthy pigs (Krsnik et al., 1999; Escobar et al., 2007).  When 

pigs were infected with the parasite Sarcocytis miescheriana, the occurrence of 

lying inactive increased from 56% to 90% (Reiner et al., 2009).  This suggests 

that the amount of time spent lying may be a suitable measure to identify illness 

in a production setting. 

Pain behaviour has a protective role; it warns of imminent or actual tissue damage 

and starts reflex and behavioural responses to keep damage to a minimum (Woolf 

and Mannion, 1999).  Several types of pain responses can be recognised: (i) those 

that modify the animals’ behaviour by learning and enable the animal to avoid 

recurrence of the experience; (ii) those often automatic, that protect parts or the 

whole animal; (iii) those that minimise pain and assist healing; and (iv) those that 

are designed to help or stop another animal from inflicting more pain (Molony 

and Kent, 1997).   

In pigs suffering from illness and injury common behaviours are those that 

minimise pain and assist healing.  These can include prostration, huddling up, 

stiffness, trembling, isolation, scratching, tail wagging, licking and chewing, 

spasms (Hay et al., 2003), reduced walking, reduced social interaction (Llamas 

Moya et al., 2008) and increased vocalisation (Leidig et al., 2009).  Whilst 

behavioural changes in ill pigs may be subjective in nature, resulting in them 

being difficult to identify and interpret, behavioural changes in pigs caused by 

pain tend to be more obvious.  
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There has been extensive research on identifying pain and treatment of pain in the 

pig industry.  The majority of this research has been focussed on preventing pain 

occurring or by relieving pain-related behaviours during routine procedures 

(McGlone et al., 1993; Taylor and Weary, 2000; Taylor et al., 2001; Leslie et al., 

2010).  For example, methods investigated to prevent pain have included 

comparing the type of flooring used throughout piggeries to minimise the 

occurrence of lesions and lameness (Elmore et al., 2010).  Investigating optimal 

housing strategies to reduce aggression, and possible injuries to pigs due to social 

stress (Zurbrigg and Blackwell, 2006).  Methods investigated to reduce pain-

related behaviour during routine procedures have involved the use of ‘best 

practice’ methods when performing routine procedures, such as comparing 

clipping or grinding of canine teeth (Holyoake et al., 2004), or cutting vs pulling 

the spermatic cord during castrations (Taylor and Weary, 2000).  It has also been 

demonstrated that the use of analgesic/anti-inflammatory drugs reduce pain-

related behaviours (Flecknell and Roughan, 2004; Langhoff et al., 2009).  

However, the majority of these studies have been conducted in an experimental 

setting.  There have been no published studies investigating if the administration 

of analgesic/anti-inflammatory drugs reduce pain-related behaviours for ill or 

injured weaner pigs in a production setting.  

6. Physiological changes associated with adverse stimuli 

6.1. Body temperature 

Noticing fever in a production system is an important welfare tool as it is easily 

triggered and measurable within a few hours of infection as increased body 

temperature is one of the first lines of defence against infection (Hart, 1988).  
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Fever is initiated by macrophages.  They secrete pyrogenic cytokines, which 

encourage the brain to release prostaglandins that activate the hypothalamus to 

raise the thermostat point (Starr et al., 2015).  High core body temperature 

provides an unfavourable environment for many bacteria and viruses (Dawkins, 

1998).  This occurs by increasing the functional activity of immune cells whilst 

reducing the growth rate of viral or bacterial pathogens (Aubert, 1999).  High 

rectal temperatures have been found in pigs suffering respiratory disease, 

lameness and tail and ear bites (Petersen et al., 2002a).  The normal rectal 

temperature of a pig is 39°C.  Any significant variations from this temperature 

can be indicative of poor health (Jackson and Cockcroft, 2005).   

Handling of pigs can result in increased rectal temperatures (Petersen et al., 

2004), indicating the sensitivity of this measure.  This may result in a false 

reading which could affect the judgement of production personnel responsible for 

the assessment of ill or injured pigs.  As fever is one of the first lines of defence 

against infections alternative methods to assess body temperature need to be 

investigated.  

Surface body temperature can easily be measured with the use of a handheld 

infrared device, causing minimal stress to the pig.  Areas of increased blood flow 

may be correlated with inflammation, injury or abscesses; cold spots show 

decreased circulation due to nerve damage, blood clot or scar tissue (Kastberger 

and Stachl, 2003).  In some cases these changes may be identified by infrared 

thermography (IRT) weeks before the animal itself shows any clinical signs 

(Harper, 2000).   
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Infrared thermography has been used to determine fever by measuring mean body 

surface temperature (MBST).  This has been successful in pigs inoculated with 

Actinobacillus pleuropneumoniae when measuring areas ≥ 10 cm2.  The increase 

in MBST has been correlated with rectal temperature increases in pigs suffering 

fever.  However, physiological responses resulted in a delay between the increase 

in rectal temperature and MBST (Loughmiller et al., 2001).  In addition, other 

limitations of using IRT to assess MBST need to be considered.  Images must be 

collected in environments free from direct sunlight and wind drafts, and hair coats 

should be free of dirt, moisture or foreign material (McCafferty, 2007).  Dirt on 

the animal alters the emissivity and conductivity of heat, and excess moisture 

increases local heat loss to the environment or drier areas of the coat (Stewart et 

al., 2005).  Moisture and dirt free areas of skin may be difficult to obtain on-farm, 

due to the need for spray and drip cooling during hot weather. This will limit the 

effectiveness of IRT to assess MBST.  A way to avoid these limitations may be 

the use of IRT to assess eye temperatures.  

Eye temperature has less variation compared to body surface temperature and is 

considered a good indicator of core temperature due to its proximity to the brain 

(Weschenfelder et al., 2013).  Dunbar et al. (2009) determined that eye 

temperatures in mule deer infected with foot and mouth disease were reflective of 

body temperature.  Pigs injected with E. coli lipopolysaccharide presented with 

higher eye temperatures than control animals (Rakhshandeh and de Lange, 2012) 

and calves undergoing surgical castration showed increased eye temperatures 

(Stewart et al., 2009).  Schaefer et al. (2004) used IRT to determine early 

infection of Type 2 bovine viral diarrhoea virus in calves. They reported that eye 

temperatures were the earliest, most consistent, least variable and sensitive 
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measures over the first 10 d of the trial.  This was also evident when calves were 

infected with Bovine respiratory disease, where eye temperatures increased 4-6 

days before any other clinical signs of illness (Schaefer et al., 2007).  In addition, 

eye temperatures have been noted to decrease in times of fright or stress.  Stewart 

et al. (2008) reported that calves disbudded without local anaesthetic had an 

immediate decrease in eye temperatures compared to calves administered an 

anaesthetic.  After approximately 5 min eye temperatures then increased above 

the normal range for both treatment groups.  A similar finding was recorded by 

Schaefer et al (2006) where cattle tested for pain, by a 1 sec application of an 

electric cattle prod, or fear, by shaking of a plastic bag and shouting at the animal, 

resulted in a sudden drop in eye temperature, but quickly returned to normal 

temperatures.  The decrease in eye temperatures may be due to vasoconstriction 

of blood vessels in response to a stressful situation (Vianna and Carrive, 2005).  

This short decrease in eye temperatures may be a novel and non-invasive method 

to identify stressful situations for pigs.  Due to the short duration of decreased 

temperatures there is little scope to use it as a welfare measure on-farm.  

However, the long-term increase in eye temperatures related to illness and 

inflammation in experimental settings suggests that this could be a new non-

invasive health measure suitable for on-farm use.  To date there has been no 

research to determine if eye temperatures will be useful on farm when faced with 

a variety of illnesses and injuries. 

6.2. Weight and Body Condition Score 

A reduced feed intake and subsequent weight loss is commonly associated with 

illness.  It has been hypothesised that a loss of appetite is mediated by the 

secretion of corticotrophin releasing hormone (Sapolsky et al., 2000).  This was 
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demonstrated when animals injected with corticotrophin releasing hormone had 

reduced feed intakes (Gosnell et al., 1983).  In contrast, the administration of 

corticotrophin releasing hormone agonists blocked the anorexic effect of stress 

(Arase et al., 1988). 

The reduction in feed intake and weight loss are directly affected by pathogen 

type and pathogen load.  Sub-clinical diseases in pigs tend to reduce feed intake 

up to 25%, whereas clinical disease can result in complete feed refusal 

(Munsterhjelm et al., 2015).  For example, pigs infected with Actinobacillus 

pleuropneumoniae showed a decrease in feed intake and weight gain compared to 

non-infected pigs and infected pigs that were treated with an antibiotic (Swinkels 

et al., 1994; Wallgren et al., 1999).  Similar weight changes have been found with 

pigs infected with Porcine Reproductive and Respiratory Syndrome Virus 

(Escobar et al., 2007), influenza (Seo et al., 2002), pigs infected with both 

Mycoplasma hyopneumoniae and Porcine Circovirus type 2 (Opriessnig et al., 

2004).  Boars treated for any illness (not including lameness) showed a decrease 

in mean daily weight gain compared to healthy boars (Jensen et al., 2007). 

In a production setting weight loss tends to be noticed as a reduction in body 

condition score (BCS), which is frequently used to assess health in pigs (Charette 

et al., 1996; Maes et al., 2004) and used in welfare assessment protocols 

(Department of Primary Industries, 2008; Scott et al., 2009).  An animal 

presenting with a reduced BCS, compared to same size and weight cohorts, is 

indicative of poor welfare.  Often pigs with a compromised BCS (condition score 

1) are more unresponsive and inactive than healthy counterparts (Doyle et al., 

2015).   
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Despite its importance, weight loss can be difficult to evaluate objectively in 

production systems, where piggery personnel are assessing a large number of 

animals in one space (Maes et al., 2004).  In many herds, the daily assessment of 

BCS as a health measure occurs by visual scoring on the 1 to 5 scale provided in 

the Model Code of Practice for the Welfare of Animals: Pigs (Department of 

Primary Industries, 2008).  This visual form of assessment, with its clear cut 

criteria, is more suitable to production practices than trying to monitor feed intake 

of individual pigs, particularly in ad libitum feeding conditions.  However, as 

changes in BCS take time, it cannot be classed as an early indicator of illness or 

injury.  

6.3. Acute phase proteins 

Acute phase proteins (APP) are blood proteins that exhibit changes in 

concentration in response to infection, inflammation or stress (Baghshani et al., 

2010).  It is an innate reaction and occurs within 6-12 h after exposure to the 

stressor (Heegaard et al., 2011).  Acute phase proteins may be “negative’ or 

“positive” proteins that either decrease or increase in concentrations (Murata et 

al., 2004).  Previously APP responses have mainly been used as a marker for 

inflammation within the body (Murata, 2007).  However, is has been shown that 

there can be an APP response with regards to non-inflammatory stress, including 

pregnancy (Eckersall et al., 1992), parturition (Uchida et al., 1993) and road 

transport.  For example, Pinero et al. (2007) showed that there was an increase in 

Pig-Major Acute Protein (Pig-MAP), haptoglobin, serum amyloid A, C-reactive 

protein and a decrease in apolipoprotein A-I concentrations after road transport 

for 24 or 48 h. 
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The acute phase response is initiated by cytokines (Gregory, 1998), in particular 

the pro-inflammatory cytokines IL-6, TNF-α and IL-1-β (Yoshioka et al., 2002).  

These cytokines are responsible for the production and release of APP from the 

liver (Murata et al., 2004).  Major positive acute phase proteins identified in the 

pig are haptoglobin, C-reactive protein, serum amyloid A (Candiani et al., 2007) 

and Pig-MAP (Martin et al., 2005).  Different APP have different functions; the 

primary function of haptoglobin is to prevent the loss of iron by the formation of 

stable complexes with free haemoglobin.  C-reactive protein is important in 

limiting the inflammatory response.  The role of serum amyloid-A in host defence 

has not been determined in animals, but, in humans it has been found to be 

important in many processes, including inflammation, atherosclerosis, 

thrombosis, Amyloid-A-Amyloidosis and rheumatoid arthritis (Heinonen et al., 

2010).  

Haptoglobin and C-reactive protein concentrations in serum are commonly used 

as health indicators for infection and inflammation (Eckersall et al., 1996; 

Heegaard et al., 1998; Friton et al., 2006).  Lampreave et al. (1994) and Eckersall 

et al. (1996) showed that haptoglobin and C-reactive are two strong positive 

protein markers in response to acute inflammation induced by a subcutaneous 

turpentine injection.  Serum concentrations increased between 2-8 fold within 48 

h after injection.  The increase in haptoglobin and C-reactive protein 

concentrations as an inflammation marker was demonstrated by Heinonen (2010) 

who reported increased concentration of these acute phase proteins as well as 

serum amyloid-A in tail bitten pigs.  Peterson et al. (2002a) also determined lame 

pigs and pigs with tail or ear bites have greater concentrations of haptoglobin.  In 

addition, increased haptoglobin concentrations are indicative of illness with pigs 
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suffering from induced respiratory infections of A. pleuropneumoniae serotypes 1 

(Hall et al., 1992), 2 (Agerso et al., 1998) and 5 (Hall et al., 1992; Heegaard et al., 

1998). 

Albumin and apolipoprotein A-I are common negative APP in pigs.  Albumin 

serum concentration decreases 10 to 30% (Petersen et al., 2004) following an 

acute phase response.  Carpintero et al (2005) found a decrease of 2 to 5 fold from 

initial values when pigs were infected with A. pleuopneumoniae or S. suis.  

Skinner (2001) describes an experiment where pigs infected with Streptococcus 

suis had decreased serum albumin and increased C-reactive protein 

concentrations.  However, Sorensen et al. (2006) reported that pigs infected with 

S .suis showed a decrease in apolipoprotein A-I, but no clear pattern of change for 

albumin concentrations was evident.  This contradicts findings from Lampreave et 

al. (1994) who reported albumin behaved negatively after turpentine-induced 

inflammation .  

The response of APP to illness and inflammation has been extensively studied, 

allowing clearly defined conclusions of their effectiveness as illness and 

inflammation markers.  The short timeline needed for their response allows them 

to be used as an early and reliable indicator of illness and inflammation.  

However, the application of using APP to indicate illness and injury has not been 

achieved on farm, most likely due to the cost of developing new technology and 

protocols to make it industry friendly. 

6.4. Leukocyte counts 

Leukocytes, or white blood cells (WBC), are the mobile defence of the immune 

system, which involves a variety of cell types, including macrophages, 
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neutrophils, monocytes, lymphocytes, eosinophils and basophils (Janeway and 

Medzhitov, 2002).  To combat inflammation each of these cells has a different 

role within the immune system.  Some patrol tissues and engulf damaged or dead 

cells, others recognise viruses, bacteria or other threats within the body (Starr et 

al., 2015).  

In the first 24 h of inflammation neutrophils are the most prevalent leukocyte.  

This changes to macrophages and lymphocytes 24-48 h after the induction of 

inflammation (Lingen, 2001).  Changes in the number of WBC can be used to 

identify and monitor the severity of infection and inflammation.  For example, 

calves showing clinical signs of enzootic bronchopneumonia exhibited increased 

total WBC counts in comparisons to  healthy calves.  This increase was directly 

connected with increased neutrophil counts (Bednarek et al., 2003).  Pigs infected 

with Swine Influenza virus presented with severe lung inflammation, 18 h after 

infection they showed an increased number of neutrophils, (Van Reeth et al., 

1999).  Chimpanzees that were injected with E. coli endotoxin, had increased total 

leukocytes counts within 5 h (van der Poll et al., 1994). 

Physiological changes ensure that during times of illness and inflammation the 

number of WBC increase, making this a reliable method to assess the presence 

and severity of illness and inflammation.  The ability to differentiate between the 

numbers of various WBC also provides a method to indicate the stage of 

infection.  For example, if there are high numbers of neutrophils the infection is 

still in its early stages, making this an effective early indicator of illness or 

inflammation.  However, due to the technology needed to assess WBC counts it 

has not been able to be converted into a form where it may be useful in a 

production setting. 
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6.5. Tear staining 

Tear staining, or chromodacryorrhoea, is a term for an overflow of reddish/brown 

secretions from the Harderian gland (Mason et al., 2004), a secretory body medial 

to and behind each eye.  The reddish/brown pigment is thought to be made up of 

porphyrin (Sakai, 1981), a protein component of the electron transfer chains in 

many metabolic pathways.  It also forms part of the heme of haemoglobin (Starr 

et al., 2015).  The secretary activity of porphyrin is primarily under 

parasympathetic, cholinergic control (Espinola et al., 1999), but the gland is also 

affected by endocrine factors, including a range of gonadal, thyroid and pituitary 

hormones (Payne, 1994) and possibly adrenaline (Rubio et al., 1991).  

Chromodacryorrhoea, also called ‘bloody tears’, is a validated, non-invasive and 

qualitative method for assessing stress and inflammation in rats.  It has been used 

to identify stress in a variety of situations, including social stress (Mason et al., 

2004), environmental stress (Burn et al., 2006; Abou-Ismail et al., 2008) and pain 

and inflammation (Harper et al., 2001; Cloutier and Newberry, 2008).  Mason et 

al. (2004) tested chromodacyorrhoea in rats exposed to building works, 

disturbances in the normal animal unit topped by visits from unfamiliar humans 

and social status within the cage.  They determined that increased 

chromodacryorrhoea occurred for all stress treatments.  Harper et al (2001) 

showed that the level of chromodacryorrhoea increased in rats suffering from 

induced inflammation.  Rats undergoing repeated intra-peritoneal injections had 

increased chromodacryorrhoea scoring (Cloutier and Newberry, 2008).  

Chromodacryorrhoea is not a validated welfare measure of stress in pigs; 

however, early research is demonstrating a great deal of potential.  Deboer et al 

(2015) found that tear staining area was more prevalent for animals suffering 
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from isolation and non-enriched housing pens than other pigs.  It was also shown 

that tear staining is correlated with social rank when pigs are group housed 

(Marchant-Forde and Marchant-Forde, 2014) and with measures of hypothalamic-

pituitary-adrenal and sympathomedullary axis activation (DeBoer and Marchant-

Forde, 2013).  Recently, Telkanranta et al. (2015) recorded a weak correlation 

between tear staining and the presence of ear and tail bites.  To become a 

validated measure of stress in pigs tear staining needs to be tested on a variety of 

stressors.  Positive findings regarding chromodacryorrhoea levels and 

inflammation completed in rats, indicate that this could be worthy of further 

investigation.  In addition, guidelines need to be developed which allow 

assessment of the severity of stress in production settings.  Mason et al. (2004) 

successfully developed a 5-point scale to allow quantitative assessment of rats in 

a laboratory setting; a similar 5-point scale was developed by DeBoer et al. 

(2015) for pigs.  They found that calculating area and perimeter gave a clearer 

indication of the severity of staining than the 5-point scale, with area and 

perimeter showing significant differences for isolation and pigs housed in non-

enriched areas.  With the 5-point scale there were significant differences for 

isolated pigs when assessing the left eye, but did not show significant results for 

isolated pigs when assessing the right eye or for pigs housed in non-enriched area.  

Further research into the development of the 5-point scale might be a valuable 

tool for production personnel when assessing stress in a production setting.  

7. Treatment of adverse stimuli 

Treatment of adverse stimuli varies depending on the stressor involved.  If an 

animal is suffering from social stress it may be prudent to remove it from its 
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immediate environment or if housed on its own providing a stall or pen 

companion might be appropriate (DeBoer et al., 2015).  Environmental stressors 

such as heat or cold stress, can be altered through installing cooling systems, such 

as water misting, drip cooling or air conditioning (Bull et al., 1997; Bridges et al., 

1998) or heating systems, such as heat lamps/mats for piglets (Zhang and Xin, 

2000).  Treatment for illness, pain and/or inflammation can be addressed through 

moving the pig into a hospital pen (Blackwell and Wellington Place, 2005), 

administering antibiotics to reduce disease (Wallgren et al., 1999) and by 

administering analgesic/anti-inflammatory drugs to control pain and inflammation 

(Underwood, 2002).   

A large number of studies demonstrate that analgesic/anti-inflammatory 

administration to ill or injured has increased their wellbeing (Swinkels et al., 

1994; Mathews et al., 2001; Keita et al., 2010).  In past years it has been reported 

that the administration of pain relief was infrequently practiced (Flecknell, 2008).  

However, recent studies indicate that producers have a positive outlook to pain 

relief and believe that animals recovered quicker when pain relief is administered 

(Ison and Rutherford, 2014).  The importance of administering pain relief cannot 

be understated from both production and welfare standpoints. It is for this reason 

that one of the main focuses of this thesis was to assess practical applications of 

analgesics/anti-inflammatory agents in piggeries in Australia. 

8. Anti-inflammatory drugs 

Anti-inflammatory drugs are designed to reduce nociception.  This occurs through 

inhibiting inflammatory mediators, growth factors, transducer proteins, ion 

channels and neuropeptides (such as substance P) (Viñuela-Fernández et al., 
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2007).  Numerous drugs can suppress the inflammatory response.  The most 

common are the non-steroidal anti-inflammatory drugs (NSAIDs, also known as 

the salicylates, or aspirin like drugs).  Alternatively, anti-histamines and 

glucocorticoids (drugs similar to the steroid hormone cortisol) can inhibit the 

inflammatory response (Vane and Botting, 1998a).  NSAIDs provide anti-

inflammatory and analgesic relief by inhibiting prostaglandin synthesis, 

antihistimines (and salicylates to some extent) decrease histamine release and 

glucocorticoids inhibit phospholipase A2 production (Vane and Botting, 1987).  

This results in a reduction of swelling, redness and pain (Short, 1998).  

The two main classes of anti-inflammatory drugs administered in the pig industry 

are NSAIDs and glucocorticoids.  Meloxicam, dexamethasone and ketoprofen are 

the most commonly administered in the UK (Ison and Rutherford, 2014).  

Ketoprofen and flunixin are the most commonly administered for lameness in 

sows in Canada (Hewson et al., 2007).  Generally, there has been a trend towards 

administering NSAIDs over glucocorticoids, as they lack the intense 

immunosuppressive properties shown by glucocorticoids (Malazdrewich et al., 

2004). 

8.1. Non-steroidal anti-inflammatory drugs 

NSAIDs are among the most widely prescribed drugs worldwide (Warner et al., 

1999).  They are hydrophilic compounds, which are highly ionised at a 

physiologic pH (Raekallio et al., 2008).  They alleviate swelling, redness and pain 

associated with inflammation and reduce fever in a wide variety of animals.  This 

is accomplished by inhibiting the enzyme cylcooxygenase (COX) (Endo et al., 

1998).  
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COX is a membrane bound haemo- and glyco-protein that is found predominantly 

in the endoplasmic reticulum of prostanoid-forming cells.  It cyclises arachidonic 

acid and adds the 15-hydroperoxy group to form prostaglandin G2. (Vane and 

Botting, 1998b).  The administration of NSAIDs inhibits the formation of 

prostaglandins, resulting in a reduction of pain nociception transferred to the 

brain.  While NSAIDs are primarily COX inhibitors, it is possible for them to 

have secondary analgesic/anti-inflammatory mechanisms (Cunningham and Lees, 

1994).  For example, aspirin also triggers a lipoxin synthesis which has potent 

anti-inflammatory effects (Clish et al., 1999).  The formation of lipoxin induces a 

down-regulation of leukocytes by preventing neutrophil adhesion (Serhan, 1997) 

and inhibits cytokine release (Gewirtz et al., 1998). 

In 1990 it was discovered that there were two COX forms, COX-1 and COX-2 

(Fu et al., 1990).  Although these enzymes have different functions they are 

similar in structure, shape and weight. (Vane and Botting, 1998a).  It was 

recognised that COX-1, is present in most cell types and performs a range of 

physiological/housekeeping functions.  This includes platelet aggregation, 

maintenance of the gut mucosa and kidney function (Fenner, 1997).  During 

inflammation COX-1 increases 2-3 fold, COX-2 on the other hand increases by 

20 fold (Bednarek et al., 1999).  COX-2 is an inducible enzyme, formed at the site 

of inflammation by monocytes, fibroblasts and synovial cells and produces the 

pro-inflammatory prostaglandins such as PGE2 (Lees et al., 2004).  This led to the 

belief that COX-1 is mainly associated with homeostasis and that COX-2 has a 

large role in inflammation (Riendeau et al., 1997).  

Different classes of NSAIDs can be distinguished by their COX inhibitory actions 

(Kalgutkar et al., 2000).  They can primarily inhibit COX -1, be non-selective 
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COX inhibitors, be selective COX-2 inhibitors or highly selective COX-2 

inhibitors (Bednarek et al., 1999).  Drugs that primarily inhibit COX-1, such as 

aspirin, can cause a variety of side effects, such as gastrointestinal, renal and 

hepatic damage (Fenner, 1997).  Most classical NSAIDs, including indomethacin, 

ketoprofen and ibuprofen are non-selective COX inhibitors (Warner et al., 1999).  

Whilst they have better gastrointestinal tolerance their long term use can result in 

some gastrointestinal discomfort.  It is for this reason that the administration of 

pain relief has leaned towards selective COX-2 inhibitors, such as meloxicam, 

salicylate and nimesulide (Bednarek et al., 1999).  These drugs retain the anti-

inflammatory effects of NSAIDs with a marked increase in gastrointestinal 

tolerability.  In addition, there has been interest in developing highly selective 

COX-2 inhibitors.  This has been successfully accomplished through molecular 

manipulation of NSAIDs (Kalgutkar et al., 2000), and by investigating substances 

like DFU (5,5-dimethyl-3-(3-flurophenyl)-4-(4-methylsulphonyl)phenyl-2(5H)-

furanone).  It was shown that DFU inhibited PGE2 production with the same 

potency as indomethacin, but had a consistent, high inhibition selectivity (> 300 

fold) of COX-2 compared with COX-1 (Riendeau et al., 1997).  However, while 

these highly selective COX-2 inhibitors show promise regarding treatment of pain 

and inflammation, currently no studies have been completed in animals to test 

their in-vitro capabilities.   

Meloxicam is a COX-2 selective NSAID.  It is commonly used as an anti-

inflammatory in many animal species (Euller-Ziegler et al., 2001).  It is the most 

used and prescribed drug in the UK pig industry, with 92.3% of veterinarians 

prescribing meloxicam for pain and 41% of farmers administering meloxicam to 

their pigs (Ison and Rutherford, 2014).  COX-2 inhibition may not be 
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meloxicam’s only mode of action to reduce inflammation.  Meloxicam has shown 

pain reduction traits through inhibition of spinal nociceptive reflexes, in both 

control rats and rats suffering from induced inflammation.  This occurred when 

meloxicam was applied directly to the spinal cord and tested via electrical 

stimulation.  Indomethacin, a non-selective COX inhibitor, was also tested and no 

pain reduction traits were evident.  Thus it was concluded that the pain reduction 

traits of meloxicam were not due to inhibition of the COX enzyme, but other 

transmitter systems (Lopez-Garcia and A Laird, 1998).  Aguirre-Banuleos and 

Granados-Soto (2000) also demonstrated meloxicam treated rats elicited anti-

nociception through the inhibition of the nitric oxide-cyclic GMP pathway.  The 

nitric oxide-cyclic GMP pathway is related to bradykinin and substance P 

concentrations (Kawabata et al., 1994).  Further supporting the notion that 

meloxicam provides pain relief by more than one mode of action. 

The administration of meloxicam for pain relief has been shown to be effective in 

pigs.  Lame pigs had improved lameness scores, increased feed intake and a 

decrease in the number of pigs described as “depressed” following treatment with 

meloxicam (0.4 mg/kg) compared to an untreated control group (Friton et al., 

2003).  Pigs challenged with the endotoxin E. coli and treated with a single dose 

of meloxicam (0.4 mg/kg) had decreased thromboxane B2 concentrations and had 

lower clinical scores (combined score assessed respiratory rate, rectal 

temperature, type of breathing, general behaviour, excitability, stance, coughing, 

vomiting, diarrhoea, shivering, frothing at the mouth and local examination of the 

injection site) than control animals.  However, no differences between APP 

concentrations were evident.  It was concluded that the administration of 

meloxicam had no effect on CRP or haptoglobin concentrations (Friton et al., 
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2006).  This is supported by Keita et al. (2010) who demonstrated that piglets 

undergoing castration and treated with meloxicam (0.4 mg/kg) had no differences 

in haptoglobin concentrations compared to controls 24 h post castration.  In 

addition, this trend may be seen in other animals.  For example, Kum et al. (2013) 

demonstrated that CRP concentrations did not alter with the oral administration of 

meloxicam to dogs undergoing an ovariohysterectomy. 

Whilst there seems to be no effect on APP it is possible that meloxicam alters 

cortisol concentration, adrenocorticotropic (ACTH) concentration and pain 

related behaviours during inflammation.  Keita et al. (2010) demonstrated that 

meloxicam treated pigs had lower blood cortisol and ACTH concentrations at 30 

min post-castration, at 2 and 4 h post castration and no behavioural signs of pain 

compared to control pigs.  Langhoff et al. (2009) compared meloxicam (0.4 

mg/kg), flunixin (2.2 mg/kg), metamizole (50 mg/kg) and carprofen (1.4 mg/kg) 

in piglets being castrated.  They found that meloxicam and flunixin reduced 

cortisol concentrations and pain related behaviours compared to control pigs 

when it was administered 15-30 min before the procedure.  Reyes et al. (2002) 

compared meloxicam (1 mg/kg) and paracetamol (100 mg/kg) for pain relief in 

miniature piglets after surgery.  They reported that pigs administered meloxicam 

had a fewer pain related behavioural parameters compared to the control and 

paracetamol pigs.  However, Fosse et al. (2010) evaluated the analgesic effect of 

meloxicam (0.6 mg/kg) in 2 week old piglets subjected to a kaolin inflammation 

model.  Based on nociceptive threshold testing they found that meloxicam had no 

analgesic effect.  When ketoprofen (6 mg/kg) was used as the analgesic agent, 

treated piglets had greater pain tolerance for 12-24 h after treatment.  However, 

little anti-inflammatory action was seen.  This led to the conclusion that R-
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ketoprofen had a greater analgesic effect in piglets than S-ketoprofen (Fosse et al., 

2011). 

Ketoprofen is a non-selective COX inhibitor (Junot et al., 2008).  It is licensed for 

the use in pigs in Canada and the UK as the racemic (50:50) mixture of the two 

enantiomers R- and S-ketoprofen.  It is the third most common drug used in the 

UK pig industry with 50% of veterinarians prescribing it for pain and 14.8% of 

producers administering the drug to their pigs (Ison and Rutherford, 2014).  S-

ketoprofen has been shown to be a more potent inhibitor of COX (100-1000 times 

more) than R-ketoprofen, therefore having a greater effect in reducing 

inflammation (Suesa et al., 1993).  The R-enatiomer of ketoprofen is a weak 

cyclooxygenase inhibitor but it accounts for most of the analgesic activity 

witnessed (Ghezzi et al., 1998).  Whilst the full mechanism of the analgesic effect 

is unknown, R-ketoprofen has shown to inhibit IL-6 production (Mascagni et al., 

2000) and IL-8 chemotaxis (Bizzarri et al., 2001) to the same degree as the S-

enantiomer.  In addition, when R- and S-ketoprofen were tested for their 

effectiveness on tactile allodynia in the spinal cords of mice, R-ketoprofen 

showed pain relieving effects, whereas S-ketoprofen did not.  It was proposed that 

R-ketoprofen may have an effect on large diameter (i.e. Aβ fibres) neurons 

(Ossipov et al., 2000). 

The anti-inflammatory and analgesic effect of ketoprofen has been demonstrated 

in a variety of animals.  Mustonen et al. (2011) treated lame sows and gilts with 

oral ketoprofen (4 mg/kg and 2 mg/kg) for 5 consecutive days.  In both cases 

there was a reduction in lameness compared to the control treatment.  Pigs 

infected with A. pleuropneumoniae and administered ketoprofen (3 mg/kg) 

showed an antipyretic effect compared to pigs treated with flunixin (2 mg/kg) and 



44 
 

control animals.  In addition, there was an increase in food consumption for pigs 

administered ketoprofen compared to controls, but no differences in WBC counts 

between treatment groups was evident (Swinkels et al., 1994).  Dogs undergoing 

abdominal surgery for a laparotomy, spleoctomy or cystotomy, dogs administered 

ketoprofen (2.0 mg/kg) and meloxicam (0.2 mg/kg)  had fewer pain induced 

behavioural responses compared to dogs treated with butorphanol (0.2 mg/kg) 

(Mathews et al., 2001).  Calves that were induced with platelet activating factor 

lung inflammation showed no effect on PGE2 and Thromboxane B2 

concentrations when administered ketoprofen (3 mg/kg).  However, increased 

concentrations were recorded for placebo and phenylbutazone (10 mg/kg) treated 

calves  (Van De Weerdt et al., 1999) and in 13 month old bulls undergoing 

castration; bulls administered ketoprofen (3 mg/kg) had lower haptoglobin 

concentrations on day 1 compared to castrated controls, or calves treated with a 

local anaesthetic or caudal epidural anaesthesia (Ting et al., 2003).    

These results suggest that both ketoprofen and meloxicam are effective pain relief 

agents, emphasised by the reduction in pain behaviours during illness and 

inflammation.  However, limited research is available regarding how ketoprofen 

alters the APP responses in pigs.  Although, it has been shown to be effective in 

reducing APP concentrations in cattle.  All Researchers who investigated 

meloxicam’s effect on APP concentration reported no decreases were evident.  

This may possibly contribute to the findings reported by Fosse et al. (2010) where 

meloxicam did not show an analgesic effect.  It seems that the administration of 

either meloxicam or ketoprofen result in behavioural alterations that signal a 

reduction in pain.  Behaviour may be a valuable tool when determining the 

efficacy of analgesic/anti-inflammatory drugs.  The conflicting finding about the 
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efficacy of meloxicam, particularly in piglets suggests that further research needs 

to be completed to determine the best possible NSAID agent for use in pigs.  

8.2. Glucocorticoids 

Corticosteroids are able to inhibit nearly all cellular and humoral immunologic 

reactions.  The corticosteroids dexamethasone, hydrocortisone and cortisol are 

strong inhibitors of TNF-α and IL-1β, (Hartman et al., 1993) as well as IL-1, IL-2, 

IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, interferon (IFN)-γ and granulocyte-

macrophage colony-stimulating factor (GM-CSF) synthesis (Bednarek et al., 

1999).  They may either positively or negatively alter cellular metabolism and 

gene expression.  The negative action of glucocorticoids is thought to feature 

prominently in the anti-inflammatory effect of the hormone (Cato and Wade, 

1996).  They are able to induce apoptosis in cells of the haematopoietic system 

such as monocytes, macrophages and T lymphocytes (Amsterdam et al., 2002).  

For example, treating guinea pigs with soluble hydrocortisone resulted in a 50% 

decrease in the number of circulating lymphocytes within 4 h (Balow et al., 

1975).  Pigs administered dexamethasone slowly via an osmotic pump over 28 d 

showed a decreased number of macrophages and eosinophils in the immediate 

area of drug administration (Ward et al., 2010).  

Another method by which glucocorticoids affect the inflammatory response is by 

inhibiting phospholipase A2 activity.  This is necessary for the release of 

arachidonic acid (AA).  This ultimately results in the inhibition of prostaglandins, 

leukotrienes and thromboxane A2 (Vane and Botting, 1987).  Gryglewski (1975) 

demonstrated that the administration of hydrocortisone and dexamethasone 

inhibited PGE2 production in inflamed rabbit and guinea pig tissue.  Floman and 

Zor (1976) showed that the addition of corticosterone acetate reduced PGE 
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accumulation in the tissue of rats suffering from arthritis.  In both of these studies 

the addition of AA abolished the effect of the glucocorticoid on PGE release 

demonstrating that corticosteroids inhibit the inflammatory response before the 

production of AA. 

Dexamethasone is a synthetic glucocorticoid with strong anti-inflammatory 

effects (Malazdrewich et al., 2004).  It is the second most popular anti-

inflammatory analgesic drug in the UK pig industry with 69.2% of veterinarians 

prescribing it for pain and 37.7% of farmers administering the drug to their pigs 

(Ison and Rutherford, 2014).  Glucocorticoids are immunosuppressants, which 

has resulted in dexamethasone being used as an immunosuppression model in a 

variety of animals (Roth and Kaeberle, 1981; Jeklova et al., 2008).  However, 

there is confusion around the effectiveness of dexamethasone as an 

immunosuppressant in pigs.  Ward et al (2010), administered dexamethasone 

(<0.001 mg/kg/d) subcutaneously via implant over 28 d and showed a decrease in 

leukocyte concentrations in the vicinity of the implant, but no differences in 

cortisol concentrations or leukocyte concentrations at distant sites.  They 

determined that it was possible for dexamethasone in small concentrations to have 

a local anti-inflammatory effect in tissue surrounding the implant, but not to cause 

a systemic effect on immune responses.  Wills et al. (2000) administered 

dexamethasone (2 mg/kg daily on days 3-7) to pigs being experimentally induced 

with Porcine Reproductive and Respiratory Syndrome Virus (administered day 3) 

and Salmonella cholerasuis (administered day 0).  They found clinical signs of 

disease were evident when both pathogens were combined.  However, pigs 

administered both pathogens and the dexamethasone treatment had the most 

severe response to disease.  Three of the seven pigs administered this treatment 
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either died or were euthanased, suggesting that the immunosuppressant qualities 

of dexamethasone affected these pigs’ health.  Jung et al. (2007) treated pigs 

experimentally induced with Porcine Respiratory Corona virus with 

dexamethasone (2 mg/kg) for 6 d and noted that in the first 2 d pigs administered 

dexamethasone had fewer pulmonary lesions.  After 6 d of treatment there was an 

increase in pulmonary lesions compared to controls.  This suggests that 

dexamethasone may be effective in short term use, but when administered over a 

longer period of time can have immunosuppressant qualities impacting on pig 

health.  This hypothesis has been supported by Flaming et al (1994) who 

demonstrated no alterations in neutrophil or lymphocyte concentrations in pigs 

administered repeated dose of dexamethasone (2 mg/kg) at 24 and 48 h prior to 

immune sampling or for pigs administered a single dose of dexamethasone (2 or 6 

mg/kg).  Whilst neutrophil function did not change, there was a decrease in 

lymphocyte, monocyte and eosinophil concentration 3 h after treatment.  

However, 27 h post treatment these concentrations were back in the normal range.  

Similarly, Fauci (1976) found decreased lymphocyte concentrations 4 h after 

humans were treated with dexamethasone.  However, 24 h after treatment 

concentrations had returned to normal. 

Whilst there has been a considerable amount of research completed into the 

immunosuppressant properties of dexamethasone, few studies have examined its 

analgesic/anti-inflammatory properties in animals.  When pigs were 

experimentally infected with E. coli, the administration of dexamethasone (0.5 

mg/kg) at -18, 0 and 12 h resulted in a 60% decrease in plasma TNF-α 

concentrations and a 90% decrease in plasma IL-6 concentrations compared to the 

control treatment (Myers et al., 2003).  Calves infected with experimental bovine 
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pneumonic mannheimiosis and treated with dexamethasone (2 mg/kg 6 h before 

infection, 2 mg/kg immediately prior to infection and 1 mg/kg every 12 h 

thereafter until 48 h after infection) had lower clinical disease scores from 2 h 

post infection.  Clinical disease scores were determined by combining body 

temperature, inappetance, lethargy or depression, weakness or recumbancy, 

moribund state, cough, nasal discharge, respiratory rate, dyspnoea and abnormal 

breathing sounds (Malazdrewich et al., 2004). 

While there are clear research outcomes into the long term immunosuppressant 

effects of dexamethasone, it is rare that these repeated long term doses would be 

administered on-farm.  When dexamethasone is administered over a short period 

of time the limited information available indicates that it may have analgesic/anti-

inflammatory properties.  However, there is very little research into its efficacy in 

pigs and no research into its efficacy in young pig.  Before it can be can 

concluded that the use of dexamethasone is beneficial to pigs suffering from 

illness and injury further research needs to be completed, involving both the 

physiological effects.  For example, its effect on APP, WBC, body temperature, 

and any behavioural changes that may indicate pain relief and/or recovery. 

9. Conclusion 

 

The assessment of illness and inflammation can be complex as it is a subjective 

and emotional experience.  In most humans the treatment of pain is aided because 

the patient can report and discuss both the sensory and affective elements of the 

experience.  In animals, while pain may exist it can only be treated and managed 

when the veterinarian or owner appreciates that it is present, and deems the 

severity to be of a significant level.  To ensure that illness and injury is recognised 
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early both behavioural and physiological responses need to be considered.  For 

example, when an animal is showing signs of isolation and lethargy, combined 

with information from a clinical assessment, such as rectal temperature or weight 

loss it gives a clearer picture of the severity of the illness/injury that the animal is 

suffering from.  In addition, new and novel techniques to indicate illness and 

injury need to be explored, such as the assessment of core body temperature by 

infrared thermography and the presence of tear staining.  These novel methods 

may be a way to effectively identify illness and injury while it is still in its early 

stages.  It has clearly been shown that the administration of an analgesic/anti-

inflammatory agent is an effective way to reduce pain and enhance recovery, but 

there are conflicting results for the three analgesic/anti-inflammatory agents that 

were the focus of this literature review.  In addition, very little of this research has 

been completed in a production setting against conditions that occur naturally and 

have time to develop within the body before recognition by piggery personnel.  

This indicates that further research in needed to determine which of these drugs is 

the most effective within a production setting. 

The first aim of the research reported in this thesis is to document methodologies 

currently used to monitor pigs’ reactions to adverse stimuli (disease and heat 

stress) in Australia and the interventions used to improve pig health and welfare.  

The second aim is to investigate the efficacy of a number of analgesic/anti-

inflammatory agents in alleviating acute pain responses in weaner pigs.  This was 

achieved by assessing pigs’ responses to adverse stimuli on-farm, using common 

and novel techniques, and assisting the pigs’ ability to cope with adverse stimuli, 

mainly through the administration of NSAIDs.   
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Abstract 

 

Objectives To gather information on producer perceptions and management 

strategies towards the detection, alleviation of pain and management of sick, 

injured and heat-stressed pigs.  

Procedures Sixteen Victorian pig farmers completed a face to face 

questionnaire consisting of 9 open and 26 closed questions regarding their 

detection and management of sick, injured and heat stressed pigs and their 

perceptions of pigs’ tolerance to pain. 

Results  Fifteen behavioural and physiological indicators of pain 

and heat stress were identified.  Treatment records were kept more often for 

weaned progeny and lactating sows than piglets and mated sows.  Most producers 

felt that pigs suffered little pain from routine husbandry procedures and that pain 

relief was not warranted in these situations.  Castration at 10 days of age was the 

only procedure considered by producers to be very painful.  There were 

inconsistencies in approaches to treating pigs in three case studies of animals with 

sickness or injury of varying severity.  Meloxicam (Metacam®, Boehringer 

Ingelheim Vetmedica) was stated as the most common anti-inflammatory drug 

used on-farm.  A small proportion of farmers incorrectly identified antibiotics as 

anti-inflammatories.  All producers had at least one cooling system in place for 

preventing heat stress in pigs. 

Conclusions The farmers in this survey group generally relied on behavioural 

changes in pigs to signal pain and heat stress.  While producers kept treatment 

records and used hospital pens for compromised pigs, our results suggest that the 
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monitoring of pigs’ recovery could be improved.  Producers generally has a good 

understanding of the use of anti-inflammatory drugs to aid pig recovery. 

Keywords: Anti-inflammatories; animal welfare; heat stress; euthanasia; 

treatment records; pigs 

Abbreviations 

MCOP – The Model Code of Practice for the Welfare of Animals: Pigs 

 

1. Introduction 

 

The welfare of animals is an important consideration in livestock production 

systems, both in Australia and internationally.[1]  In controlled experiments, 

animal welfare has been measured using a range of indicators based on 

behavioural and/or physiological changes.[2]  In a production setting these changes 

may be hard to recognise, thus decreasing the ability to collect and evaluate data 

for welfare assessment.  In Australia the Model Code of Practice for the Welfare 

of Animals: Pigs (MCOP) [3] has been developed as a guideline to provide 

producers with the minimum standards to ensure acceptable welfare. It consists of 

sections outlined as standards and guidelines.  Standards have recently been 

incorporated into state legislation.  This publication includes the detection and 

treatment of illness and injury, the assessment of pain and heat stress 

management.  However, there have been no published reports evaluating whether 

these standards and guidelines are recognised and employed within the industry.   

The identification and management of illness and injury in individual animals can 

be difficult, due to differences in coping responses among individual animals.  
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Both ‘successful’ and ‘unsuccessful’ coping may be characterised by abnormal 

behaviour.  Abnormal behaviour is behaviour that differs in pattern, frequency or 

context from that which is shown by most members of the species.[4]  For 

example, an ill pig may show signs of reduced movement, minimal social 

interaction, a decreased feed intake,[5] fever and a decline in productivity.[6]  

Pain can be caused through routine husbandry procedures, such as ear tagging and 

castration, illness or injury, and is associated with negative effects on production 

and welfare.[7]  The use of an anti-inflammatory and analgesic agent is the most 

effective method for reducing pain felt by an animal.[8]  Meloxicam administered 

before castration can significantly lower cortisol concentrations[9, 10] and pain 

related behaviour.[10]  Similarly oral ketoprofen (2 mg/kg for 5 consecutive days) 

has been effective in treating non-infectious lameness in sows.[11] 

However, even when pain is recognised, it has been suggested that not all 

producers will administer an analgesic/anti-inflammatory agent.[12]  The MCOP 

states that all sick, weak or injured pigs must be treated, and that pigs with 

incurable sickness, injury or painful deformity must be humanely euthanised.  

High environmental temperatures also adversely affect pig performance and 

compromise their welfare[13] resulting in behavioural and physiological changes.  

Pigs are highly susceptible to heat stress as they have very few sweat glands.[14]  

Behavioural indicators of heat stress include increased respiration rate,[15] 

increased distance between adjacent pigs, especially when lying[16] and a 

reduction in feed intake.[17]  Physiological indicators of heat stress can include 

increased rectal temperature,[13] elevated cortisol and adrenaline 

concentrations,[18] as well as a decrease in thyroid activity.[13] 
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Heat stress in livestock has been extensively studied in hot and tropical 

climates[16, 19] and from these studies it has been possible to determine the optimal 

ambient temperature ranges for pigs of different age, size and reproductive status.  

These recommendations have also been tabulated in the MCOP.[3] 

A questionnaire was developed for completion by pig producers to gather 

information on their perceptions and management strategies towards the 

detection, alleviation and management of sick, injured and heat-stressed pigs.  

The survey findings were compared to recommendations of the MCOP.[3]  

   

2. Methods 

 

Human ethics 

This study was conducted with approval from the Human Ethics Committee at 

Charles Sturt University (Application # 416/2011/07).  This committee is in 

accordance with the National Statement on the Ethical Conduct in Human 

Research.  

Study population 

The study was conducted on sixteen pig farms located in Victoria.  Participating 

producers had signalled their willingness to participate whilst attending the annual 

Victorian Pig Fair, Bendigo.  All producers that indicated they were willing to 

participate were included in the study.  Farms were visited during August and 

September, 2011.  Producers involved had herd sizes between 50 and 3300 sows, 

with the exception of one participant with a specialist grow-out facility with 4000 

grower pigs.  The survey participants included 12 farrow-to-finish farms, 1 grow-
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out only farm, 2 breeder-only farms and 1 farrow-to-weaner farm.  Farm rearing 

systems included “traditional” concrete-based indoor housing (n= 9), outdoor 

rearing (n= 1), and combinations of the above (n= 6).  

On farm questionnaire  

The questionnaire was administered on farm using the software program 

‘iSURVEY®’ (isurveysoft, 5 Raroa Road, Lower Hutt, New Zealand) and took 

approximately 1.5 h to complete.  Where appropriate, answers given in the 

questionnaire were validated during a tour of the piggery.  

The questionnaire consisted of open (n = 9) and closed (n= 26) questions.  Open 

questions were those where there were no answer criteria given.  Closed questions 

involved producers selecting one or more predetermined answers.  Of these 35 

questions, four questions inquired about how producers identified illness, injury 

and heat stress in pigs post-weaning and in sows.  Three questions were related to 

how the producer identified, monitored and recorded illness, injury and death in 

pigs.  The next 25 questions inquired as to how producers managed sick and 

injured pigs post-weaning and sows.  These questions related to the use of 

hospital pens and medications, use of euthanasia and culling in management and 

included three case studies.  Three more questions asked producers to identify 

strategies in-place to monitor heat management and cooling systems in pigs post-

weaning and in sows.  Copies of the questionnaire can be obtained from the 

principal author. 

For each of the three case study questions, the participants were presented with a 

photograph of a pig and background information describing its condition.  The 

producer was then asked a) whether they expected the pig would be in pain, b) 
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their approach to alleviate pain, and c) how they would treat the pig on the day it 

was identified.  Case study 1 was a photo of a parity 2 sow with a swollen, 

infected foot.  Background information provided with the image stated that ‘the 

sow was experiencing mild lameness, although the foot did not appear to be 

healing despite treatment with antibiotics and anti-inflammatories for 3 days, and 

that the next cull truck is due in 7 days’.  Case study 2 presented a 16-week 

grower pig with a swollen left front leg due to an old penetrating injury.  The pig 

was ‘found in a pen of 12 others, and unable to bear weight on the leg’.  Case 

study 3 was a photograph of a weaner that was bordering body condition score 1.  

The pig was described as being ‘identified during a routine check for illness and 

injury, and was lethargic’.  

Data collected through the ‘iSURVEY’ program were downloaded into MS 

Excel, where they were collated into a form suitable for descriptive analysis.  

 

3. Results 

 

Illness and injury identification and management 

Observation and recording of illness, injury and death The majority of 

producers indicated that they observed their pigs for illness and injury before 

0900 h (87.5%) and that this occurred either before (43.75%) or during feeding 

(43.75%).  

Table 1 summarises the number of producers who kept records of treatments 

administered, or of dead and euthanised pigs.  The majority of producers 

indicated that they kept these records for most stock classes (Table 1), with fewest 

keeping treatment records for piglets and weaners.  Losses due to death and/or 
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euthanasia were reported least frequently for pigs housed in hospital pens.  In 

general, treatments and deaths were more often recorded than euthanasia. 

Table 1: The percentage of producers (n=16) who indicated they keep records for treatments, dead 

pigs and pigs that are euthanised for each stock class. 

 Treatment records Dead Euthanised 

Piglets 67 87 67 

Weaners 85 85 77 

Growers/Finishers 100 77 69 

Unmated Gilts/ Weaned Sows 93 87 73 

Mated Sows 80 87 73 

Lactating Sows 87 87 73 

Hospital Pens 92 69 62 

Cull Pens 92 92 75 

 

Hospital pen management  Of the 16 producers interviewed, only one producer 

did not have an identifiable hospital pen.  The majority of producers maintained 

records of individual sows whilst in the hospital pen, with 43% of producers 

individually identifying weaners, and 46% identifying growers and finishers 

whilst in the hospital pen (Table 2). 

Table 2: The percentage of producers (n=16) who indicated they have an identification method for pigs 

in a hospital pen, or record the date that pigs enter or leave the hospital pen. 

 Identification Date of entering Date of leaving 

Weaners 43 43 21 

Growers/Finishers 46 46 23 

Group Housed Sows 87 40 20 

 

In a closed question, producers were asked to indicate the most important factor 

they considered when deciding to return a pig to the general herd from a hospital 

pen.  Options given were improvement in body condition score, when the pig 

looked to have recovered, when the medication course was finished, or at the end 

of the drug withholding period.  The most important factors were when the pig 

looked to have recovered (43.75%) and at the end of the drug withholding period 

(37.5%).  Improvement in body condition score was the third most-common 
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choice (12.5%) while the least important choice was when the medication course 

was finished (6.25%).  

An open-ended question sought information on when producers would not move 

ill/injured pigs into the hospital pen.  The most common answer was when an 

animal needed to be euthanised (56.25%).  Other common answers were if the 

animal was still able to compete with pen mates for food and water, or if disease 

was not contagious (both 18.75%).  Unique answers were: when the pig could be 

sold, treated successfully in the pen, if the pig was on heat, and when moving will 

incur greater stress (6.25%, respectively).  One producer stated that there was 

never a time when an animal was not moved into the hospital pen. 

In an open question regarding when an animal needs to be euthanised, animal 

welfare was the term most provided by producers (56.25%).  Other reasons for 

euthanasia included: lameness/inability to stand (18.25%), assumed pain level, 

profitability, poor body condition and loss of appetite (all 12.5%), and the length 

of time until the animal is able to be sold (6.25%).  

Producers were then asked to rank the following criteria from most to least 

importance in regards to euthanasia: untreatable, evidence of extreme pain, and 

not economically viable.  Evidence of extreme pain was the most important 

reason for euthanasia (75%), followed by untreatable conditions (25%).  No 

producer ranked economic viability as the most important determinant of 

euthanasia. 

Pain identification and management 

Producers nominated 15 behavioural indicators of pain (Table 3).  The most 

commonly recognised indicator was vocalisation, with half of the producers 
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providing this response.  Table 4 shows that the only procedure which the 

majority of producers classed as very painful was castration at 10 d of age.  

Castration at 2 d of age and nose ringing were also considered very painful.  

Teeth clipping, tail docking and ear notching were identified as being slightly 

painful.  However, all producers agreed that no pain relief was warranted in these 

situations.  Castration at 10 d of age was the only procedure where the majority of 

producers would administer pain relief.  

Table 3: The percentage of producers (n=16) who nominated these behavioural and physiological 

indicators as methods used to identify pigs in pain .  Producers could provide more than one response. 

Pain behaviour Percentage 

Vocalisation   50 

Change in gait   25 

Lethargic/listless  25 

Change in skin condition 19 

Eyes glassy or red 19 

Restlessness   19 

Ear and head position  19 

Self isolation   13 

Panting    13 

Posture (sit like a dog/on belly) 13 

Off feed 13 

Tremors 

Teeth Grinding 

Runny nose 

Escape manoeuvres 

6 

6 

6 

6 

 

Table 4: Producer (%) perceptions (n=16) of the amount of pain caused during the application of 

different husbandry procedures to pigs and whether pain relief would be administered. 

  Level of pain  Pain relief  

Procedure No Pain Slightly Painful Very 

Painful 

Yes No 

Teeth Clipping 12.5 75 12.5 0 100 

Tail Docking 0 56 44 0 100 

Ear Notching 0 69 31 0 100 

Castration at 2 days 0 38 63 38 63 

Castration at 10 days 0 6 94 63 38 

Use of Electric Prodder 0 50 50 0 100 

Nose Ringing 0 38 63 38 63 

 

Producers were asked to select types of anti-inflammatory drugs that were used in 

the piggery.  The most commonly used was meloxicam (Metacam®, Boehringer 
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Ingelheim Vetmedica) (68.75%), followed by products containing flunixin 

meglumine and steroid anti-inflammatory agents (eg. dexamethasone) (25% 

respectively).  Three of 16 (18.75%) producers selected products containing 

tolfenamic acid (eg. Tolfedine®, Ausrichter).  One producer (6.25%) did not have 

anti-inflammatories on-farm.  Three producers (18.75%) and two producers 

(12.5%) incorrectly named tylosin and amoxicillin antibiotics, respectively, as 

anti-inflammatory medicaments.  

In an open question, producers provided the following conditions for which anti-

inflammatory drugs would be administered: foot and joint problems (68.75%), 

mastitis (37.5%), injuries and inflammation, meningitis (both 31.25%), farrowing 

problems (18.75%), prolapse, hard udders/oedema, pain and fever (12.5% 

respectively), surgery, Glasser’s disease, arthritis, middle ear infection, off feed 

and Streptococcal infection (all 6.25%). 

In cases where a pig was selected for culling, most producers indicated that they 

would treat culled pigs with anti-inflammatory drugs (63.5%).  Three of 16 

(18.75%) producers stated they would treat pigs occasionally (less than 10% of 

cases), 25% would treat sometimes (10-50% of cases), 12.5% would treat in all 

cases and 6.25% treat often (50-90% of cases). 

 

Case study results Producers all agreed that the pigs shown in Case Studies 1 

and 2 were in pain.  There were mixed responses for Case Study 3, with the 

majority (56.3%) of producers stating the pig was in pain.  Table 5 shows the 

responses given regarding how the farm would treat the animal.   

In Case Study 1 the most common treatment combination was to give antibiotics, 

anti-inflammatories and relocate to the hospital pen (18.75%).  Of the treatment 
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combinations for Case Study 2, the most common response was to destroy the 

animal (37.5%) followed by treat with antibiotics/anti-inflammatory drugs/put in 

a hospital pen (25%) and in Case Study 3, the most common treatment method 

was to destroy the animal (56.25%) as respondents believed that there was no 

chance of recovery. 

Table 5: The percentage of producers (n=16) who would employ the following methods to treat the 

illness/injury shown in the three case studies. Producers could nominate more than one response. 

 Case study 1 Case study 2 Case study 3 

Treat with antibiotics 50 38 38 

Treat with pain medication 69 44 19 

Put in hospital pen 44 38 38) 

Euthanise the pig 13 44 56 

Cull to an abattoir 50 31 0 

Cull to saleyard 6 0 0 

 

Heat stress identification and management 

Producer-nominated indicators of pigs’ behaviour used to identify heat stress are 

outlined in Table 6.  Almost all producers provided panting as an indicator.  All 

producers had some type of cooling system in place for lactating sows.  Table 7 

describes the overall frequency of different cooling systems for the different stock 

classes among the farms.  For weaners, open blinds was the most selected cooling 

system followed by sprayers.  For grower/finisher, unmated gilts/weaned sows, 

mated sows, hospital and cull pens, the most common cooling system was 

sprayers, although a proportion of producers did not have a cooling system in 

place.  For lactating sows the most common cooling system was drip cooling 

followed by evaporative coolers.  Cooling systems that were automatically-

controlled tended to be more common than manually-controlled systems (Table 

8).  However, the temperature that cooling systems were activated varied 

considerably; for example, for weaners 33% producers would start cooling at 20-

24°C, 33% at 25-29°C and 33% at 30-34°C.  
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Table 6: The percentage of producers (n=16) who nominated the following behavioural and 

physiological indicators to identify pigs experiencing heat stress. Producers could provide more than 

one response. 

Heat stress behaviour Percentage 

Panting  94 

Finding a cool/wet spot  56 

Skin temperature/colour  25 

Off feed 25 

Increased distance between pigs 19 

Lethargic 19 

Vocalisation   13 

Agitated   6 

Stressed    6 

Drooling   6 

Abortion   6 

High internal temperature 6 

 

Table 7: The percentage of producers (n=16) that have the following cooling systems in place for 

different stock classes. 

 Sprayers Fans Drip Coolers Wallows Evaporative 

coolers 

Open 

Blinds 

None Other 

Weaners 25 13 0  6 6 38 13 0 

Growers/Finishers 56 0  0  0  6 6 25 6 

Unmated Gilts/Weaned sows 69 0 0  13 0 6 6 6 

Mated Sows 69 6 0  13 0 6 6 0 

Lactating Sows 13 6 38 6 25 6 0 0 

Hospital Pens 56 0  6 0 0 6 13 19 

Cull Pens 63 0 6 6 0 6 13 6 

 

Table 8: The percentage of producers (n=16) that have automatic or manual cooling systems and the 

temperature at which the systems are activated. 

 Automatic Manual 20-24°C 25-29°C 30-34°C >35°C 

Weaners 58 42 33 33 33 0 

Growers/Finishers 73 27 55 45 0 0 

Unmated Gilts/Weaned sows 71 29 43 36 21 0 

Mated Sows 71 29 43 36 21 0 

Lactating Sows 60 40 20 60 20 0 

Hospital Pens 69 31 33 50 17 0 

Cull Pens 69 31 46 38 16 0 

 

  

4. Discussion 

 

This questionnaire involved a small number of participants, but has captured all of 

the major types of pig production systems in Australia. This targeted survey has 
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led to a comprehensive view into producer perceptions and practices towards the 

identification and alleviation of pain, illness and heat stress of pigs under their 

care. 

The results of this study indicate that farmers consider animal welfare of high 

importance and that most standards and guidelines in the MCOP are being 

employed on-farm.  We identified gaps in maintaining treatment records, 

particularly in piglets, weaners and pigs housed in cull pens.  There appeared to 

be room for improvement with regards to cooling lactating sows. 

 

Illness and injury identification and management 

Standard 5.1.1 in the MCOP states that “pigs must be inspected at least once a day 

by a competent stockperson” and Standard 5.2.4 indicates that sick, weak or 

injured pigs must be treated and isolated if necessary.[3]  Of the farmers 

interviewed only one producer did not have husbandry and housing for pigs that 

met these conditions.  This was validated during a tour of the piggery.  The 

MCOP includes a recommendation (5.2.10) that records of sick animals, deaths, 

treatments given and response to treatment should be maintained to assist disease 

investigations.  All producers kept treatment records for growers and finishers.  

Producers may be more diligent in keeping these records to ensure that there is no 

chance of drug residues in any animals sent for slaughter.  In all other categories 

there was a proportion of producers that did not adhere to these guidelines.  

Although record keeping is not a standard within the MCOP it is a legal 

requirement in Victoria.[20].  Part of the process of monitoring the recovery of pigs 

includes recording the duration of illness and treatment outcomes, with 

approximately 40-45% recording when a pig entered the hospital pen and a 
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smaller number recording when the animal left the hospital pen.  On some farms, 

pigs did not leave the hospital pen (data not recorded) and pigs died, were 

euthanised, or remained with the group until processing.  The farmers surveyed 

selected a variety of criteria to decide if and when to return a pig from a hospital 

pen to the general population.  One of the most important factors included the end 

of the drug withholding period.  This evaluation method is limited as it only 

considers avoiding violative drug residues without consideration of the pigs’ 

recovery.  It would benefit the industry to have clear guidelines for returning pigs 

into the general herd, based on the welfare of the animal and the likelihood of 

recovery.  The management of sick or injured pigs in their home pen by producers 

was not captured in this questionnaire.  One common reason identified in the 

survey why a pig would not be hospitalised was if it needed immediate 

euthanasia, this indicates that producers have a high regard for each animal’s 

welfare. 

Australian pig industry training guidelines recommend that all treated pigs should 

be identified.[21]  Identification of pigs allows monitoring of an animal when it is 

released into the general herd.  A high percentage of producers surveyed 

individually identified breeding sows and boars to assist with breeding 

management, but did not specifically individually identify treated livestock.  To 

monitor recovery when released from a hospital pen, practical, cost-effective 

methods for identification of previously sick or injured weaner, grower and 

finisher pigs would assist in monitoring treatment outcomes and hence the success 

or otherwise of disease management. 

Standard 5.2 within the MCOP[3] requires that pigs with sickness or injury must 

be treated and if necessary, isolated or destroyed.  Animals incapable of moving 
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must be destroyed on location.  Emergency euthanasia should occur when a pig is 

in severe pain and suffering.[21]  The results of this survey suggest that producers 

are compliant with this standard and the majority indicated that untreatable 

conditions and extreme pain were more important factors than economic viability 

when electing to euthanise a pig. 

 

Pain identification and management 

The producers surveyed mainly relied on behavioural changes in pigs to indicate 

pain.  Most of the responses (Table 3) agreed with the pain-indicating behaviours 

suggested in the MCOP (separation from other pigs, lethargy, refusal to eat, skin 

discolouration, lameness, swellings on body or joints and abnormal behaviour).[3]  

In addition, producers identified tremors, teeth grinding, postural changes, escape 

manoeuvres and a runny nose as signs of pain.  Vocalisation was the most 

frequent answer provided by producers.  Vocalisation has been shown to be a 

reliable pain indicator at the time of injury[22, 23].  However, the context of 

vocalisation (eg. in attempts to move the animal, at the time of injury) was not 

specified.  It is encouraging that many producers were able to provide so many 

behavioural indicators of pain.  However, many of the behavioural indicators 

provided by producers tended to be strong indicators of pain.[24]  More subtle 

indicators of pain (eg. reduced feed intake) were overlooked.  Reduced feed 

intake is a commonly used research indicator for animals in pain[25-27], but is 

particularly difficult to identify on farm in groups of pigs fed ad libitum.  New 

technology is being developed regarding automated precision feeding which may 

increase diagnosis of reduced feed intake in individual pigs.[28]  If a higher degree 

of focus was placed on some of the less obvious signs of pain provided, such as, 
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feed intake or self isolation, this is likely to result in earlier detection and 

treatment of compromised animals and a better treatment outcome.  

The producers in this survey agreed that routine husbandry procedures (teeth 

clipping, tail docking and ear notching) were mildly painful but did not warrant 

pain relief.  Noonan et al.[29] investigated behavioural responses to teeth clipping, 

tail docking and ear notching and found that there was a behavioural difference 

between control piglets and piglets administered treatment, regardless of whether 

they were administered one treatment or all three.  This suggests that there is pain 

involved in the application of the procedures.  However, the pain response was 

only demonstrated for a short period of time, disappearing about 2 min post 

procedure.  As the responses last for such a short time it is reasonable to suggest 

that these procedures are only slightly painful and that pain relief may not be 

warranted. 

Castration has been shown to be a painful procedure[30] regardless of age.[31]  Pain 

levels have been shown to decrease when anti-inflammatory drugs are 

administered.[32]  Although a high percentage of producers believed castration at 

two and 10 days of age was very painful, the majority of producers would not 

have administered pain relief.  This response may be due to a high number of 

producers not performing castration as it is not a requirement in Australia, or 

alternatively, they may not believe that pain relief is necessary for this procedure.  

This study did not take into consideration whether these procedures were actually 

performed on farm, further research may be needed to clarify if there is a 

difference in opinions between producers who do, or do not, perform these 

procedures. 
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The producers interviewed indicated a variety of approaches to treating the pigs 

described in the three case studies.  Most producers indicated they would relieve 

the pain or suffering of the animal in question, through treatment with anti-

inflammatory drugs or by euthanasia.  An area of concern involved the responses 

to Case Study 2, in which the animal was unable to walk on one leg, with 

approximately one-third (31%) of producers claiming they would transport the 

animal to an abattoir for processing.  This course of action contravenes Australian 

Land Transport legislation[33] and industry recommendations[34], in that pigs must 

not be loaded if they cannot walk unassisted with weight distributed on all four 

legs. 

The most common anti-inflammatory drug reported to be used on-farm was 

meloxicam (Metacam®, Boehringer Ingelheim Vetmedica), which may be due to 

its short withhold period of four days.  Anti-inflammatory/analgesic drugs were 

used to treat a wide variety of diseases in pigs by the producers surveyed, with the 

most common being foot and joint problems, mastitis, injuries, general 

inflammation and meningitis.  A proportion indicated they would never 

administer anti-inflammatory drugs to an animal selected for culling, most likely 

due to drug withholding periods.  Alternative supportive treatment (e.g. provision 

of soft bedding for lame pigs) should be provided to animals identified for culling 

in the absence of treatment opportunities.  Producers were presented with a list of 

anti-inflammatory and antibiotic drugs and asked which anti-inflammatory drugs 

were used on their property.  A small proportion of producers incorrectly 

identified amoxycillin and tylosin as anti-inflammatory drugs.  This may be due 

to producers not interpreting the question correctly, or alternatively, due to 
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confusion between the modes of action of the two medications.  Further education 

of producers regarding use of anti-inflammatory drugs may be warranted. 

 

Heat stress identification and management 

Behavioural indicators of heat stress nominated by producers were similar to the 

behavioural indicators reported by Hicks et al.[35] and Fraser[14]which included an 

increased respiration rate, increased lying and a reduction in feed intake.  These 

identified behaviours are strong indicators of heat stress, whereas early detection 

of heat stress is not currently well defined and requires further research.  Morrow-

Tesch et al.[36] noted that the incidence of aggression between pigs was reduced 

during periods of high temperature.  This behaviour was not mentioned by 

producers in this questionnaire. It may be due to producers not recognising this 

behaviour or attributing it to the general lethargy of pigs during hot weather.  

A practical method of reducing heat stress is the wetting of pigs, but the animals 

must be allowed to dry as it is the evaporation of water off the skin that results in 

cooling.[37]  The most common cooling systems reported in this study for weaner 

pigs were open blinds and sprayers.  It is not recommended that sprayers are used 

for weaners, as there is a greater chance of chilling the animal.  If a water cooling 

system is to be used, a drip cooler is a safer option at the rate of one dripper per 

five weaners.[38]  Further, if using a water based system for weaners, the system 

should be activated in the ambient temperature range  30-34°C.[38]  One third of 

producers with these systems indicated that they began cooling weaners in this 

range. 

The most used cooling system for growers/finishers, unmated gilts and weaned 

sows were overhead sprayers.  This is the recommended cooling system for these 
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classes of pigs, and cooling should commence at an ambient temperature of about 

26-28°C.[38]  While 45% of producers indicated they begin cooling at this range, 

55% did so at 20-24°C.  The most common cooling system for lactating sows was 

drip coolers followed by evaporative cooling.  In this study the majority of 

producers selected the predefined temperature range of 25-29°C as when cooling 

began for lactating sows.  This is higher than the optimal environmental 

temperature range suggested in the MCOP, which is between 16°C and 22°C.[3] 

Only 20% began cooling in the range of 20-24°C  The data showed that the main 

cooling system used for pigs in hospital and cull pens was overhead sprayers.  

Answers regarding cooling systems for hospital and cull pens were difficult to 

collect, as cooling systems varied with the class of pig.  

It is acknowledged that the recommended temperatures given by the MCOP and 

Taylor et al.36 are only a guide, and may vary depending on local humidity and 

may not be applicable to all production types, in particular outdoor piggeries that 

use wallows as their cooling method.  However, the above finding shows that 

cooling systems were not being used optimally within a proportion of the group of 

producers surveyed.  Increased information needs to be circulated to remind 

producers of the thermoneutral zone of pigs, particularly for lactating sows and 

weaners. 

 

This questionnaire was designed to be a study of a small number of pork 

producers to gather information regarding their perceptions and practices towards 

detection, alleviation and management of sick, injured and heat-stressed pigs.  As 

it was limited to a small number of willing producers it resulted in the non-

randomisation of producers interviewed, unequal numbers of production systems 



102 
 

included in the study and the absence of statistical analyses.  However, while 

limited by the small survey population, it provides some interesting data on the 

perceptions and practices of pig farmers with regards to the alleviation of pain and 

heat stress in the animals under their care.  It was clear that behavioural measures 

are used by farmers to assess pain and heat stress in pigs.  However, it is difficult 

to determine the amount of pain the pig may be suffering.  Further work is 

required to assist producers to provide non medicated pain relief to pigs waiting to 

be culled.  It would be useful to develop systems for monitoring feed intake[28] of 

groups of pigs with free access to feed to assist with detecting reduced feed intake 

(as an early indication of pain or disease intake) and producers should be 

reminded of the thermoneutral zones of different classes of stock to ensure that 

the housing environment meets the needs of their pigs. 

The survey demonstrated that producers consider welfare as a high priority and 

that the majority of the guidelines in the MCOP are in use in production systems.  

However, there is a need to complete a larger study based on a solid statistical 

design. 
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Abstract 

The identification of ill or injured animals on farms has been well documented but 

there is little information regarding the recovery of ill or injured animals.  This 

experiment aimed to assess the usefulness of various clinical signs of illness for 

recovery assessment of ill or injured weaner pigs administered non-steroidal anti-

inflammatory drugs.  Weaner pigs (3-5 weeks old) admitted into a hospital pen 

(n=136) were administered either ketoprofen (3 mg/kg) or meloxicam (0.4 mg/kg) 

as an adjunct to antibiotic treatment for 3 consecutive days.  Rectal temperatures 

were higher on Day 1 (P < 0.001) than Days 2, 3 and 4.  Infrared eye temperatures 

increased between Day 1 and 2 and decreased on Day 4 (P < 0.001).  Pigs 

administered ketoprofen spent less time lying than pigs administered meloxicam 

(P < 0.05).  This suggests that behavioural change is an indicator of recovery.  

Further research is needed to conclude if ketoprofen is more effective than 

meloxicam in aiding recovery in weaner pigs. 

Keywords: infrared thermography, non-steroidal anti-inflammatory drugs, pigs, 

animal welfare, disease, pain 

 

1. Introduction 

The identification of ill or injured animals on farms has been well documented 

and consists of behavioural and physiological changes 1.  However, limited 

information is available regarding the assessment of recovery for ill and injured 

weaner pigs.  Methods to assess recovery could include increased lying time, 

body temperature or weight gain.  Improving recovery assessment may benefit the 

piggery industry by reducing antibiotic and anti-inflammatory administration and 

refining hospital pen management.   
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In order to understand the signs of recovery, we must first understand how illness 

and injury affect the animal.  For example, behaviour is an expression of an 

animal’s perception and interaction within its environment 2.  It has been 

extensively used to analyse environmental needs or preferences 3 and is one of the 

most used tools to identify sick animals on farms 4.  Sickness behaviours include 

listlessness, fatigue, reduced social interaction and reduced appetite 5.  In addition, 

postural changes of the pig have been an objective indicator to assess illness both 

on farm and in research settings 6, 7.  Behavioural changes occur over a wide range 

of animal species in response to bacterial, viral and parasitic infections 8, 

suggesting that behavioural change is an adaptive response designed to enhance 

recovery 9.  The validation of simple behavioural changes such as time spent 

lying, standing, sitting and kneeling have the benefit of being easily transferable 

to industry, as these postures are easily identified and are able to be objectively 

assessed to detect changes in health 10. 

A decrease in body weight or body condition score (BCS) occurs in times of sub-

clinical and clinical disease 11.  BCS is a visual score of an animal’s body 

condition.  As it does not involve handling the animal it is a practical tool to 

assess health 1.  A reduction in appetite is caused by increased pro-inflammatory 

cytokine concentrations within the body 12.  Increased cytokine concentrations 

may also enhance proteolysis and redirect blood flow from the digestive tract to 

areas needed for the body’s defence 5.  The identification of fever could be an 

important welfare tool in the identification of illness, as it is easily triggered and 

can be measured within a few hours of infection 13.  However, in a commercial 

setting where large numbers of animals are being assessed at one time it is 

difficult to identify.  A higher than normal body temperature increases the 
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functional activity of immune cells whilst reducing growth rates for viral or 

bacterial pathogens 14.  For example, Petersen et al 15 demonstrated significantly 

higher rectal temperature in pigs suffering clinical signs of respiratory disease, 

lameness and tail or ear bites than healthy pigs.  It is reasonable to assume that if 

the behavioural, body weight and body temperature changes used to identify 

illness, occur to assist the recovery of the animal, then these changes will reduce 

or disappear during recovery.  In fact, the lack of behavioural and physiological 

changes is commonly used to assess the efficacy of antibiotic and anti-

inflammatory drugs 16-18. 

In a survey completed by Wilson et al 4, Australian producers stated that pigs 

were moved back to the herd when ‘the pig looks to have recovered’.  An 

essential part of aiding recovery is treatment of the illness or injury.  An effective 

method to treat ill or injured animals is the administration of a non-steroidal anti-

inflammatory drug (NSAID) in conjunction with an antibiotic 19.  NSAIDs have 

anti-inflammatory, antipyretic and analgesic activities 17 and work by inhibiting 

the production of cyclooxygenase within the prostaglandin system 20.  The 

administration of ketoprofen in conjunction with antibiotic treatment improved 

recovery rates in pigs challenged with A. pleuropneumoniae 17.  Meloxicam or 

ketoprofen administration to lame sows increased recovery compared to pigs not 

administered NSAIDs 21, 22.  While ketoprofen and meloxicam administration 

clearly improved recovery in the above studies, it has been suggested that 

ketoprofen may have a greater analgesic effect in young pigs than meloxicam 23, 

24.  However, no commercial trials have been performed to determine if one is 

superior to the other in a production setting. 
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The objectives of this experiment were to compare the sensitivity of various 

behavioural and clinical methods to assess recovery in pigs, and to investigate the 

efficacy of ketoprofen and meloxicam on weaner pigs detected to be ill or injured 

during routine health checks.  It was hypothesised that a change in behaviour 

would be best method of determining recovery and that ketoprofen as an adjunct 

to antibiotic treatment improves the recovery of weaner pigs compared to weaners 

treated with meloxicam and an antibiotic.   

2. Methods 

Ethics 

This study was conducted on a commercial pig farm in south-eastern Australia, 

with approval from the Animal Care and Ethics Committee at Charles Sturt 

University (Application 12/030).  This committee operates in accordance with the 

New South Wales Animal Research Act. 

Housing and husbandry 

This study involved 37 three week-old, 40 four week-old and 59 five week-old 

weaned Landrace/Large white piglets (n=136).  Each age group were housed in 

separate sheds.  Pigs were moved into a hospital pen (5.52m x 1.54m) within this 

shed whenever a naturally occurring illness or injury was detected.  Identification 

of the pigs was performed by the piggery staff in an effort to maintain commercial 

management conditions.  The hospital pen comprised of animals included and not 

included in the study.  Pigs were moved into a recovery pen after the experimental 

period if piggery staff considered that they were recovering.  Pen floors consisted 

of raised plastic coated mesh (Tenderfoot® Tandem Products, Minneapolis, USA) 

at either end of the pen and a concrete centre.  A heat lamp was located at one end 
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of the pen; the other end of the pen contained six nipple drinkers.  Each pen had 

two feeding areas, a hopper situated on the side of the pen and a round feeder in 

the centre of the pen, giving all pigs ad libitum access to feed and water.  Pigs 

were fed a commercial pellet diet and were supplemented with six litres of 

reconstituted powdered whole milk per pen, per day.  Shed temperature was 

automatically regulated between 22.9°C and 26.2°C. 

Disease identification and treatment 

All pigs included in the experiment were selected for hospitalisation during daily 

observation by piggery staff.  Once an ill or injured pig was identified it was 

immediately entered into the trial, an ear-tag was applied and piggery staff 

recorded why the pig was being admitted into the hospital pen.  From this record, 

pigs were classified into one of five health conditions: respiratory disease (101 

pigs), musculoskeletal problems (23 pigs), skin conditions (6 pigs), inflammatory 

conditions (3 pigs), and unthrifty pigs (3 pigs).  Clinical signs that determined 

classification are listed in Table 1. 

Animals were treated with antibiotics specific to their condition as prescribed by 

the farm veterinarian.  Respiratory disease and skin conditions were treated with 

Trimethoprim-sulfadoxine (Trivetrin®, Jurox Pty. Ltd, Rutherford, Australia, 2.6 

mg/kg trimethoprim, 13 mg/kg sulfadoxine ), musculoskeletal problems were 

treated with Ceftiofur (Excenel®, Pfizer Australia Pty. Ltd, West Ryde, Australia, 

3 mg/kg), and inflammatory conditions and unthrifty pigs were treated with 

Amoxycillin (Bomox SA®, Bayer Health Care, Pymble, Australia, 10 mg/kg). 
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Table 1: Clinical signs that determined the classification of illness/injury categories. 

Category Clinical signs 

Respiratory Difficulty breathing 

Coughing 

Sneezing 

Open mouth breathing 

Musculoskeletal Swollen joints 

Infected foot/feet 

Missing claws/part of claw 

Lesion on foot/feet 

Stiffness in one or more legs 

Skin Scabs/sores/lesions (shoulder, face, ears, tail, body) 

Rubbing/itchy 

Discolouration 

Insect bites 

Patches of hair missing 

Thickening of skin 

Inflammatory Swelling near umbilical or scrotal areas (hernia) 

Part of rectum or vagina pushed out of body (prolapse) 

Body lumps (abscess) 

Unthrifty Diarrhoea 

Weight loss 

Fever 

 

Following this, where possible pigs of the same age, sex and health condition 

were matched in pairs and then allocated to one of two treatment groups.  One 

treatment group (n = 70 pigs) received ketoprofen (Ketofen®, Merial, North Ryde, 

Australia) at the rate of 3 mg/kg and the second treatment group (n = 66 pigs) 

received Meloxicam (Metacam®, Boehringer Ingelheim Vetmedica, North Ryde, 

Australia) at the rate of 0.4 mg/kg, as prescribed by the piggery veterinarian.  It 

was not possible to match one pig suffering from respiratory disease, one pig 

suffering musculoskeletal conditions, one pig with an inflammatory condition and 

one unthrifty pig.  These additional pigs were admitted into the ketoprofen 

treatment group, leading to uneven treatment numbers.  Both antibiotics and anti-

inflammatories were administered via intramuscular injection, behind the right 

ear, daily for the first 3 days of the trial.  While treatment groups were not 

matched for weight they had similar average starting weights of 3.62 kg and 3.75 

kg (ketoprofen and meloxicam respectively).  To ensure blinding of the trial, one 
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technician allocated animals to treatment groups and administered all 

medications.  The second technician performed daily examination and video 

analysis of the pigs.  Blinding of the second technician was not removed until 

after statistical analysis was completed. 

A control group was not included in this study due to the producers request to 

honour their management practices, where all animals suffering some form of 

discomfort received pain relief.  This is in accordance with the Model Code of 

Practice for the Welfare of Animals: Pigs 1.  

Data collection 

Daily data collection was performed between 0700 and 1200 h.  Pigs were 

removed from the pen individually and restrained for approximately 5 minutes, 

during which time they were assessed using the following criteria (in order): 

rectal temperature, weight, body condition score and infrared eye temperature 

(IET).  After the assessment, the pig was treated with an antibiotic and the 

designated NSAID.  At 1200h video recording began for behavioural analysis.  

On Day 1 rectal temperature, weight, body condition score and IET were recorded 

before treatment and behaviour was recorded after treatment. 

Condition Pigs were weighed on Days 1 and 4 using electronic scales (0.50-

150kg).  BCS was determined on Days 1 and 4.  Pigs whose BCS = 1 were 

designated “poor”, BCS = 2 were designated “moderate” and BCS = 3+ were 

designated “healthy”.  BCS was determined in accordance with condition scoring 

outlines stated in the Primary Industries Model Code of Practice for the Welfare 

of Animals: Pigs 1.   
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Temperatures Rectal temperatures were collected daily using a digital rectal 

thermometer (MC-246, Omron Healthcare, Australia).  IET were taken daily by a 

FLIR® infrared camera (T400, FLIR Systems Australia Pty Ltd, VIC, Australia) 

whilst the animal was being restrained.  The person restraining the animal had one 

arm under the body holding the animal and the other hand holding the head steady 

to ensure a high quality thermographic image.  The thermographic image was 

taken at a distance of 45cm from the left eye, if a clear image was not able to be 

obtained it was substituted with a photograph of the right eye.  Thermographic 

images were transferred to analysis software (FLIR Viewer, 1.1.2, FLIR Systems 

Inc.).  Eye temperature was determined by dot point analysis in the centre of the 

eye.   

Behaviour  The behaviour of pigs was assessed from video records (DVMR 

H.264, Aussie Surveillance, Echuca, VIC, Australia) for a total of 19 h each day, 

commencing once all treatments and measurements had been administered (1200h 

until 0700h the following morning).  Individual animals were identified by 

numbering on their backs and sides and the position of the animal (Table 2) was 

recorded every 15 min to determine posture.  Validated by Pairis-Garcia et al. 10A 

digital CCD video camera (AS-RR650, Aussie Surveillance, Echuca, Australia) 

was located at either end of the pen, ensuring that all parts of the pen were visible.  

Data were not recorded when a person was in the pen, but recommenced 

immediately after the person had left the pen.  
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Table 2: Ethogram of behaviours used for behavioural analysis 

Posture Description 

Standing Animal had weight distributed evenly on legs with no other part of the body 

resting on the ground 

Sitting Weight was distributed between the front legs and rump was touching the 

ground 

Kneeling  Weight was distributed between the rear legs and front knees 

Lying Weight was distributed on the body of the animal, which was resting on the 

ground 

 

Statistical Analysis 

Statistical analyses were performed with Genstat®, 15th Edition (VSN 

International Ltd, Hemel Hempstead, UK).  In all analyses, non-significant fixed 

effects were removed from the models using a P value of 0.05 as the maximum.  

The health categories of skin conditions, injury and unthrifty pigs were combined 

for analysis due to low numbers of pigs per group, with the exception of rectal 

temperature and IET where all health categories were included in the analysis. 

All data showed normality and linear mixed models were used to analyse rectal 

temperature, IET and body weight change.  Binomial generalised linear mixed 

models were used to compare counts of lying and standing to other postures 

(lying, sitting, standing, kneeling).  There were few incidences of sitting and no 

incidences of kneeling.  In all analyses age, antibiotic, anti-inflammatory, disease, 

gender, shed and day were used as fixed effects and shed/animal number were 

used as random effects.  

Body condition score was assessed by counting the number of animals who’s 

BCS increased or decreased over the experimental period.  Pigs that were 

classified poor and improved to moderate, or animals that were classed as 

moderate and improved to healthy were classified as increased BCS.  Animals 

that were classed as healthy and declined to moderate, or animals that were 
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classed as moderate and declined to poor were classified as decreased BCS.  This 

was conducted for the categories disease, antibiotic, anti-inflammatory, gender 

and shed.  Fishers exact tests were performed.  The analysis for day was assessed 

by determining the number of poor, moderate and healthy pigs per day and a chi 

squared test performed.  A Pearson’s correlation was conducted to analyse the 

relationship between infrared eye temperature and rectal temperature. 

 

3. Results 

Weight change and body condition score 

There were no significant differences evident for weight change or BCS between 

treatments (P > 0.05), both treatment groups gained 0.38 ± 0.11kg (mean ± SE).  

Pigs that were 3 weeks old on average gained 0.27 ± 0.16 kg, 4 week old pigs 

gained 0.5 ± 0.18 kg and 5 week old pigs gained 0.4 ± 0.11 kg (P > 0.05).  

Disease category did not affect weight gain (P > 0.05) pigs suffering from 

respiratory conditions on average gained 0.32 ± 0.26 kg, musculoskeletal 

conditions gained 0.38 ± 0.28 kg and all other diseases gained 0.14 ± 0.25 kg.  

Body temperature 

Rectal temperature did not differ (P > 0.05) between anti-inflammatory treatment 

groups.  Pigs treated with ketoprofen had an average temperature of 39.55 ± 

0.12°C and pigs treated with meloxicam had an average temperature of 39.61 ± 

0.12°C.  Significant differences were found for day of the trial (P < 0.001, DF = 

3, F = 11.03, Table 3).  Health category did affect rectal temperature (P < 0.001) 

with pigs suffering from respiratory condition having lower rectal temperature 
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than injured pigs, musculoskeletal pigs and unthrifty pigs (39.75 ± 0.30°C, 40.05 

± 0.46°C, 39.94 ± 0.37°C respectively). 

IET temperatures were higher on Days 2 and 3, and lower on Day 4. (P < 0.001, 

DF = 3. F = 15.27, Table 3).  There were no differences evident between NSAID 

treatment groups (P > 0.05).  The ketoprofen treatment group had an average 

temperature of 34.13 ± 0.15°C and the meloxicam treatment group had an average 

temperature of 34.20 ± 0.14°C.  Health category did affect IET with respiratory 

conditions having lower IET (33.02 ± 0.77°C, P < 0.001) than injured pigs, 

musculoskeletal pigs and pigs suffering subcutaneous conditions (34.76 ±0.64°C, 

34.83 ± 0.28°C and 34.98 ± 0.56°C respectively).  There was a weak but 

significant correlation between rectal temperature and IET (r = 0.30, P < 0.001) 

25. 

Table 3: Predicted means (mean ± SE) for rectal temperature and infrared eye 

temperature for each day measured during the trial. 

 Day 1 Day 2 Day 3 Day 4 

Rectal temperature (°C) 39.79 ± 

0.12b 

39.54 ± 0.12a 39.46 ± 0.12a 39.52 ± 0.12a 

Infrared eye temperature (°C) 34.15 ± 

0.15a 

34.45 ± 0.15b 34.32 ± 0.15a,b 33.74 ± 0.15c 

a,b,c: within rows, means with different superscripts differed significantly (P<0.05) 

Posture 

There were significant differences for lying behaviours between treatment groups. 

Pigs treated with ketoprofen spent (87% ± 0.12, P < 0.05, DF = 1, F = 7.25) less 

time lying than pigs treated with meloxicam (90% ± 0.12).  No differences were 

evident for day, disease, anti-inflammatory drug or gender (P > 0.05).  
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4. Discussion 

The correct treatment of ill or injured pigs may improve their welfare by reducing 

recovery times.  In this experiment, we sought to assess the usefulness of 

behavioural and clinical techniques to identify and monitor the recovery of ill 

weaner pigs, while testing the efficacy of two anti-inflammatory drugs; mixed 

results were recorded.  Significant differences in the activity of pigs, as indicated 

by postural differences, were seen between the two NSAIDs being investigated, 

showing that pigs treated with ketoprofen spent less time lying and more time 

standing than pigs administered meloxicam.  However there was no effect of day, 

preventing conclusions on recovery rates from being drawn.  Body temperature 

(rectal and infrared eye temperatures) were a sensitive measure showing 

temperature differences across the days of the trial, but no treatment differences.  

It is possible that differences between treatment groups were only noted for 

behaviour as behaviour is indicative of how the animal is feeling at that particular 

time 26, whereas weight change and body temperature may be more indicative of 

the body’s physiological responses during recovery. 

Lying behaviour has been shown to be a sensitive measure when assessing 

recovery from illness or injury.  Gregoire et al 27 demonstrated that lame pigs 

spend more time lying than non-lame, or even mildly lame pigs and pigs infected 

with Porcine Reproductive and Respiratory Syndrome Virus and E. Coli spent 

more time lying than healthy pigs 7, 28.  In this experiment pigs administered 

ketoprofen spent less time lying, and more time standing, than pigs administered 

meloxicam, suggesting that ketoprofen may have a greater analgesic effect than 

meloxicam.  This supports the hypothesis that a change in behaviour would be 

best method of determining recovery and that ketoprofen would improve the 
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recovery of weaner pigs compared to weaners treated with meloxicam.  For this 

hypothesis to be rejected data would have shown no differences in lying time 

between treatment groups.  In addition, Fosse et al. 29 tested both NSAIDs on an 

induced lameness model and found that piglets treated with ketoprofen had higher 

mechanical nociceptive thresholds compared to the placebo group for up to 24 h 

after treatment.  Pigs administered meloxicam showed no analgesic effects 

compared to the placebo group.  It has been proposed that ketoprofen may have a 

greater analgesic effect than other NSAIDs due to the combination of its R- and 

S- enatiomers 24.  In addition, it may have additional analgesic effects that are not 

related to cyclooxygenase inhibition 30. 

It appears that both NSAIDs were equally effective in reducing body temperature.  

This was an expected result as both anti-inflammatory agents have well-known 

anti-pyretic effects 17, 31.  As this experiment did not include a ‘control’ group 

receiving no anti-inflammatory, we were unable to compare these results to non-

medicated pigs, but the comparable temperature reduction from Day 1 indicates 

that both anti-inflammatories have a similar effect on body temperature.  Whilst 

there were no treatment differences with IET, a temperature increase was evident 

between Days 1 and 2, and a decrease occurred on Day 4, indicating that IET was 

able to detect small differences in core body temperature.  Schaefer et al. 32 noted 

that eye temperature increased before any other sign of illness in calves.  Dunbar 

et al. 33 determined IET were reflective of body temperatures in mule deer.  

Within this experiment we were able to positively correlate IET to rectal 

temperature in pigs.  Therefore, it is feasible to suggest that the use of IET would 

be sensitive enough to determine core body temperature changes throughout 

illness and injury.  However, as few investigations have taken place in pigs’ 34, 35 
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further research is needed to identify normal eye temperature ranges and how they 

may fluctuate with illness.  Whilst, in this experiment animals were handled to 

determine eye temperature, it is possible that a cost-effective, hand-held device 

suitable for determining eye temperature may be developed.  This would reduce 

or eliminate handling time resulting in a viable non-invasive health measure for 

the commercial pig industry.  

Body size, body weight (relative to same-age cohorts) and BCS are commonly 

used by piggery personnel to assess pig health on farm 4.  While weight change 

over time is a reliable method of monitoring pig recovery 7, 36, under the 

conditions of this study no differences in weight gain or BCS were evident 

between the two treatment groups.  Antibiotic and anti-inflammatory/analgesic 

administration has shown to increase feed intake and weight gain 17.  Pigs infected 

with A. pleuropneumoniae and treated with ketoprofen had increased feed intake 

compared to controls, but not when compared to flunixin treated pigs 17. Body 

weight changes could not be compared to this study as pigs were euthanised at 48 

h after treatment.  Wallgren et al. 18, determined that the administration of an 

antibiotic to pigs experimentally induced with A. pleuropneumoniae, resulted in 

greater feed intake and weight gain over a 17 day period. In this experiment 

weight change was calculated over a 4 day period.  Therefore, it is reasonable to 

suggest that the time frame was too short to be able to determine weight 

differences between treatment groups.  An alternative option to measure feed 

intake was to calculate time spent at the feeder.  However, after consultation with 

several producers they indicated that it was not suitable for an on-farm measure 

due to allelomimetic behaviour.  This is supported by Nielsen et al 37 who found 

that pigs sharing a four space feeder showed high levels of feeding allelomimetic 
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behaviour. Further research needs to be conducted into the effects of anti-

inflammatory drugs on weight gain for ill or injured pigs. 

  

5. Conclusion 

This experiment aimed to compare the usefulness of behaviour and clinical 

methods to assess the recovery of ill/injured weaner pigs administered non-

steroidal anti-inflammatory drugs.  Data collected supported the hypothesis that 

behaviour was able to indicate recovery from illness or injury.  In addition, IET 

was able to measure small core body temperature changes and has a weak, 

positive correlation to rectal temperature.  Having simple and objective ways to 

collect behavioural activity on farm, possibly through automated processes, will 

assist in the accurate assessment of recovery in sick pigs.  Our preliminary results 

suggest that whilst ketoprofen and meloxicam showed equal anti-pyretic effects, 

pigs administered ketoprofen spent less time lying and more time standing than 

pig administered meloxicam.  Further research is required before the efficacy of 

one NSAID over the other can be determined.  
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Abstract 

 

The most effective analgesic/anti-inflammatory medications need to be used in 

order to support the recovery of sick or injured pigs.  This paper describes two 

experiments in which a novel inflammation model was developed and applied to 

compare the efficacy of three commercial anti-inflammatory medications.  The 

objective of Experiment 1 was to determine if two commercially-available 

vaccines (Improvac® and Neovac®) produce an inflammatory response suitable 

for use as an inflammation model in Experiment 2.  Experiment 2 used this 

validated model to assess the efficacy of the anti-inflammatory medications 

ketoprofen, meloxicam, and dexamethasone.  In Experiment 1, 24 seven-week-old 

pigs (n = 6/treatment) received a single subcutaneous injection behind the right 

ear of one of the following: physiological saline (2 mL), Neovac® (2 mL), 

Improvac® (2 mL) or pure turpentine (0.2 mL/kg).  Neovac®, Improvac® and 

turpentine treated pigs had higher (P < 0.001) haptoglobin and C-reactive protein 

(CRP) concentrations relative to saline control.  Improvac® and turpentine 

resulted in higher (P < 0.001) haptoglobin and CRP concentrations than Neovac®.  

Infrared eye temperature in turpentine treated pigs were higher (P < 0.05) than all 

other treatment groups.  Pigs administered turpentine tended to scratch the site of 

inflammation more often (P = 0.05) than pigs administered saline or Neovac® and 

pigs administered Improvac® or turpentine received more (P < 0.05) social 

interactions than pigs administered Neovac®.  It was concluded that Improvac® 

induced an inflammatory response suitable for use as an inflammation model in 

Experiment 2.  In Experiment 2, 32 ten-week-old pigs (n = 8/treatment) received a 

single subcutaneous injection of Improvac® (2 mL) behind the right ear.  Pigs 

were subsequently treated daily for three days with either physiological saline (2 
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mL), ketoprofen (3 mg/kg), meloxicam (0.4 mg/kg) or dexamethasone (0.1 

mg/kg).  Pigs administered ketoprofen and meloxicam had lower rectal 

temperatures (P < 0.05) than control animals, and ketoprofen reduced haptoglobin 

concentrations (P < 0.001).  No treatment differences were evident for CRP 

concentrations (P > 0.05) or behavioural parameters (P > 0.05).  It could not be 

conclusively determined if ketoprofen has a greater efficacy than meloxicam and 

dexamethasone.  Further research is required to determine the most effective anti-

inflammatory agent in weaner pigs. 

 

Keywords: dexamethasone, infrared thermography, ketoprofen, meloxicam, 

swine, tear staining. 

 

1. Introduction 

 

Effective analgesic/anti-inflammatory medications need to be administered to 

support the recovery of sick or injured pigs.  Currently meloxicam and 

dexamethasone are the most frequently used analgesic/anti-inflammatory 

medications in Australia (Wilson et al., 2014) and meloxicam, dexamethasone 

and ketoprofen are the most frequently used in the UK (Ison and Rutherford, 

2014).  It is possible that ketoprofen has a greater analgesic effect in young pigs 

than meloxicam (Fosse et al., 2010; Fosse et al., 2011), but studies to compare the 

efficacy of these drugs have not been reported. 

Historically, one method of inducing inflammatory responses in pigs has been the 

subcutaneous injection of turpentine (Lampreave et al., 1994; Eckersall et al., 

1996; Carpintero et al., 2005; Rakhshandeh and de Lange, 2012).  Turpentine 

elicits hormonal and metabolic changes similar to those observed during 
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responses to injury and infection.  However, side effects may occur, including 

severe inflammation and skin ulcers (Rakhshandeh and de Lange, 2012).  

Therefore other methods to induce inflammation need to be developed.  It has 

been suggested that some vaccines produce sickness-like behaviour (Fangman et 

al., 2011), but no physiological work has been reported investigating this claim. 

This paper describes two experiments conducted to develop an alternate 

inflammation model to turpentine, as an aid to comparing the efficacy of three 

commercially-available anti-inflammatory medications in pigs.  The aim of 

Experiment 1 was to determine if the administration of the vaccines Improvac® 

and Neovac® induced behavioural and acute phase responses similar to 

inflammation induced by turpentine.  The aim of Experiment 2 was to compare 

the efficacy of the anti-inflammatory medications ketoprofen, meloxicam, and 

dexamethasone in pigs.  It was hypothesised that ketoprofen would have a greater 

analgesic/anti-inflammatory effect than other treatments. 

 

2. Methods 

 

Ethics 

This study was conducted in Victoria, Australia, with approval from the Animal 

Care and Ethics Committee at Charles Sturt University (Application 13/008).  

This committee operates in accordance with the NSW Animal Research Act. 

Housing and husbandry 

A total of 56 male Landrace x Large white pigs were used over the two 

experiments.  Experiment 1 used 24 seven-week-old pigs and Experiment 2 used 



135 
 

32 ten-week-old pigs.  Animals were sourced from a commercial piggery located 

in central Victoria. 

Pigs were housed in a research facility and allowed seven days to acclimatise; 

they were weighed and pigs were allocated into pens with pigs of a similar 

weight. Mean body weights for each experiment were 18.8 ±0.39 kg and 34.5 ± 

0.51 kg.  Pigs were housed in two sheds, and each shed contained four pens (1.5 

m x 3.5 m) with concrete flooring, a gate and feeder at the front of the pen and a 

drain and two nipple drinkers at the rear of the pen. Pens housed one pig 

representative of each treatment (n = 4 pigs per pen).  Shed temperature varied 

between 14 and 20°C.  Pigs were fed a commercial pellet diet ad libitum, which 

was suitable for their age.  They had continuous access to water.   

Treatments 

In both experiments pigs were randomly assigned a treatment group and were 

individually identified by ear tag number.   

Experiment 1: Data for weight, temperature, tear staining, acute phase protein 

concentrations and behaviour were collected on Day 0 before treatment.  

Inflammation was induced by a single subcutaneous injection behind the right ear 

on Day 1 of one of the following: physiological saline (control; 2 mL, 0.9%), 

Neovac® (2 mL, Zoetis, Rhodes, Australia), Improvac® (2 mL, Zoetis, Sandton, 

South Africa) or pure turpentine (0.2 mL/kg).  

Experiment 2: Data for weight, temperature, tear staining, acute phase protein 

concentrations, haematology counts and behaviour were collected on Day 0 

before treatment.  Inflammation was induced by a single subcutaneous injection 

of Improvac® (2 mL, Zoetis, Sandton, South Africa) behind the right ear on Day 
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1.  Animals were then treated with one of the following: physiological saline (2 

mL, 0.9%), ketoprofen (3 mg/kg, Ketofen®, Merial, North Ryde, Australia), 

meloxicam (0.4 mg/kg, Metacam®, Boehringer Ingelheim Vetmedica, North 

Ryde, Australia) or dexamethasone (0.1 mg/kg, Dexason®, Illium, Glendenning, 

Australia).  Anti-inflammatory drugs were administered daily for three days via 

intramuscular injection in the rump. 

Data Collection 

Daily data collection was performed between 0900 and 1230 h.  Data were 

collected when animals were restrained in the pen. Data collection occurred in the 

following order: blood sampling occurred at 9am on Days 0, 2 and 4. Pigs were 

allowed to settle for 1 hour.  Temperature and tear staining were recorded and 

anti-inflammatory treatment was immediately administered.  Video recording 

began for behavioural analysis in the times reported below. 

Weight change 

Experiment 1: Pigs were weighed on Days 0 and 4 using calibrated electronic 

scales, and from this weight changes were calculated. 

Experiment 2: Methodology was the same as Experiment 1. 

Temperature 

Experiment 1: Infrared eye temperatures (IET) were taken daily using a FLIR® 

infrared camera (T400, FLIR Systems Australia Pty Ltd, VIC, Australia) whilst 

the animal was being restrained manually.  Digital images were taken at a 

distance of 45 cm from the left eye.  If a clear picture was not obtained it was 

substituted with a photograph of the right eye.  Digital images were processed in 
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FLIR Viewer software (ver 1.1.2, FLIR Systems Inc.) for analysis.  Eye 

temperature was determined by dot point analysis in the centre of the eye. 

Experiment 2: IET methodology was the same as Experiment 1, with exception 

to restraint method.  Pigs in Experiment 2 were restrained using a snout snare.   

Rectal temperature was recorded daily using a digital rectal thermometer (MC-

246, Omron Healthcare, Australia). 

Tear staining 

Experiment 1: Tear staining was assessed daily.  On Day 0 the pigs’ faces were 

wiped clean using a wet cloth, and the left eye was photographed using a digital 

camera (Nikon D5100, Nikon Corp, Tokyo, Japan).  Digital images were analysed 

using the freeware Image-J software (NIH, Rockville, MD, USA), which allowed 

the area of tear stained skin to be calculated.  To determine area a reference (fixed 

measurement) is required within the photograph.  Iris diameter for individual pigs 

was used as a reference distance, with the diameter of the iris for each pig 

measuring approximately 1 cm. 

Experiment 2:  Methodology was the same as Experiment 1. 

Blood samples 

Experiment 1: Blood samples were collected by jugular venipuncture on Days 0, 

2 and 4.  Blood was collected into 10 mL sterile vacutainer tubes for acute phase 

protein analysis .  Samples for acute phase protein concentrations were allowed to 

clot, centrifuged (2000 g for 10 min), and the serum was collected and frozen (-

20⁰C) for analysis of haptoglobin and C-reactive protein.   
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Plasma serum samples were analysed for haptoglobin concentration using the 

commercially available Tridelta® PhaseTM Range colometric assay (Premier 

Diagnostics, Buddina, Australia) and C-reactive protein concentrations were 

analysed using the commercially available Tridelta Phase TM Range solid phase 

sandwich immunoassay (Premier Diagnostics, Buddina, Australia).  Testing was 

completed according to manufacturer’s instructions.   

Experiment 2: Methodology was the same as Experiment 1 for acute phase 

protein concentrations.  In addition, blood was collected into 10 mL EDTA tubes 

for haematology analysis.  Blood samples were not allowed to clot.  Haematology 

samples were analysed by ACE laboratory (Bendigo, VIC, Australia) within 12 

hours of blood collection for total white blood cell count and differentials.  The 

percentage and absolute cell values for monocytes, neutrophils, lymphocytes, 

eosinophils, basophils and band neutrophils were recorded. 

Behaviour 

Experiment 1: Behavioural observations occurred on Day 0, 1 and 4 from digital 

CCD video recordings (DVMR H.264, Aussie Surveillance, Echuca, VIC, 

Australia).  Each pen had one camera located at the pen entrance, ensuring that all 

areas of the pen were visible.  Pigs were individually identifiable and video 

recording commenced a minimum of 30 min after all treatments and 

measurements were completed.  Behaviour was assessed continuously over a 4 

hour period, between 1300 and 1700 using the catalogue of behaviours shown in 

Table 1.  
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Experiment 2:  Methodology was the same as Experiment 1, with the exception 

of time where behaviour was assessed.  Behaviour was assessed between 1530 

and 1930. 

Table 1: Catalogue of pig behaviours used in Experiments 1 and 2. d = duration of time, c = 

frequency of occurrence. 

Behaviour Description 

Total time lying d Lying. Body of animal touching the ground, no weight distributed on feet 

Lying +contact, d Lying. In contact with other pen mates 

Sitting, d Sitting. Weight distributed on front two feet and animals posterior 

Standing, d Standing. Weight distributed on all four feet 

Running, d Running around the pen 

Walking, d Walking around the pen 

Scratching, c Rubbing against or scratching inflammation area 

Social given, c Mounting pen mates, rubbing heads, nosing pen mate (touching any body 

part with nose, including belly nosing 

Social receive, c Receiving social behaviour and responding to it (note: if focal pig 

responded with reciprocal social behaviour then this was classed as ‘social 

given’. If the behaviour lasted longer than 30 s, it was counted as two 

(bouts of) social interaction 

Agonistic given, c Aggressive behaviour towards another animal. Includes head thrusting 

with/without bites, ramming or pushing pen mates with head, fighting 

(mutual pushing or ramming  with or without biting in rapid succession; 

lifting the opponent by pushing the snout under its body), tail mouthing 

and biting. If the behaviour lasted longer than 30 s, it was counted as two 

agonistic interactions 

Agonistic received, c Receiving agonistic behaviour. (note: if focal pig responds with reciprocal 

social behaviour then classed as ‘agonistic given’ 

 

Statistics 

Statistical analyses were completed in Genstat® 17th Edition (VSN International 

Ltd, Hemel Hempstead, UK).  In all analyses day, treatment and day x treatment 

were used as fixed effects and shed, pen and pig number were random effects.  If 

there were no day x treatment interactions the interaction was removed and the 

model rerun.  All data that did not undergo transformation met all normality 

requirements. 

Experiment 1:  Data for weight change, haptoglobin and CRP concentrations, 

IET and rectal temperature did not undergo transformation and were analysed by 
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linear mixed models.  Tear staining data were log transformed and then analysed 

by linear mixed models.  

The behavioural analysis used linear mixed models for total lying time and lying 

+ contact.  Standing and walking data were log transformed and analysed by 

linear mixed models.  Scratching, social given and social received data were 

assessed using a binomial generalised liner mixed model.  Data collected for 

duration of sitting and number of agonistic given and received were not reported 

due low occurrences of these behaviours. 

Experiment 2:  Data for weight change, haptoglobin and CRP concentrations, 

IET and rectal temperature did not undergo transformation and were analysed by 

linear mixed models.  Tear staining data were log transformed and then analysed 

by linear mixed models.  Haematology results were analysed using linear mixed 

modelling.  The percentage and absolute values of eosinophils, basophils and 

band neutrophils were not analysed due to low prevalence of these cells. 

Behavioural analysis for total lying time, lying + contact and standing were 

analysed by linear mixed model.  Walking data were transformed by the square 

root and assessed using linear mixed models.  Scratching, social given and social 

received data were assessed using a binomial generalised liner mixed model.  

Data collected for duration of sitting and number of agonistic given and received 

were not reported due few occurrences of these behaviours. 
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3. Results 

 

Weight change 

Experiment 1:  There were no live weight differences due to treatment (P > 0.05).  

Live weight gain (average and range) over the 4 days were: control 2.16 kg (0.8 - 

4.4kg); Improvac® 2.23 kg (1.4 - 2.8 kg), Neovac® 1.90 kg (0.8 - 3.0 kg) and 

turpentine 1.37 kg (-0.4 - 2.8 kg).   

Experiment 2:  There were no differences due to treatment in live weight (P > 

0.05).  Live weight gain (average and range) over the 4 days were: control 2.07 kg 

(0 – 3.8 kg); ketoprofen 1.8 kg (0.2 – 3.4 kg), meloxicam 2.2 kg (0 – 4.2 kg) and 

dexamethasone 2.7 kg (0.6 – 4.0 kg). 

Body temperature 

Experiment 1:  Infrared eye temperatures were higher (P < 0.05) in pigs treated 

with turpentine, compared to all other treatment groups (Table 2).  Eye 

temperatures were higher on Day 2 and 3 compared to Day 1 (mean ± SE, P < 

0.05; 34.28°C ± 0.22, 33.91°C ± 0.22, 33.55°C ± 0.22, respectively).  No 

treatment x day interactions were evident.   

Table 2: Haptoglobin and C-reactive protein concentrations, infrared eye temperatures and tear 

staining area in Experiment 1 after a subcutaneous injection of either saline, Improvac®, Neovac® 

or turpentine  (mean ± SE). 

Variable Saline Improvac® Neovac® Turpentine 

Haptoglobin, mg/ml 1.33 ± 0.1a 2.24 ± 0.1c 1.74 ± 0.1b 2.32 ± 0.1c 

CRP, ng/ml 802 ± 166.9a 1805 ± 166.9c 1235 ± 166.9b 1705 ± 166.9c 

IET, °C 33.7 ± 0.22a 33.76 ± 0.22a 33.91 ± 0.22a 34.45 ± 0.22b 

Tear staining, cm2 0.065 ± 0.02ab 0.078 ± 0.02a 0.033 ± 0.01b 0.079 ± 0.02a 

Within rows, different superscripts denote statistical differences; P<0.05 

 

Experiment 2:  Control pigs had significantly lower (P < 0.05) IET temperatures 

compared to all other treatment groups (Table 3).  A day effect was also evident 
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(P < 0.001) where temperatures increased from 32.87°C ± 0.18 on Day 0 (prior to 

Improvac® administration) to 34.12°C ± 0.18 on Day 1 and 34.31°C ± 0.18 on 

Day 2.  On Days 3 and 4, temperatures decreased to 33.8°C ± 0.18 and 33.11°C ± 

18, respectively.  Pigs administered ketoprofen and meloxicam had lower rectal 

temperatures (P < 0.05) than control animals (Table 3).  No day effects were 

evident for rectal temperatures. 

Table 3: Haptoglobin and C-reactive protein concentrations, rectal and infrared eye temperatures 

in Experiment 2 after treatment for induced inflammation with either saline, ketoprofen, 

meloxicam or dexamethasone (mean ± SE). 

 Saline Ketoprofen Meloxicam Dexamethasone 

CRP, ng/ml 2292 ± 184.9 2024 ± 184.9 1948 ± 184.9 2153 ± 184.9 

Haptoglobin, mg/ml 1.83 ± 0.13b 1.41 ± 0.13a 1.75 ± 0.13bc 2.05 ± 0.13bd 

Rectal temperature, °C 39.48 ± 0.13b 39.16 ± 0.13a 39.16 ± 0.13a 39.29 ± 0.13ab 

IET, °C 33.31 ± 0.16a 33.65 ± 0.16b 33.68 ± 0.16b 33.92 ± 0.16b 
Within rows, different superscripts denote statistical differences; P<0.05 

 

Tear staining 

Experiment 1:  Pigs administered Neovac® in Experiment 1 had lower (P = 0.05) 

levels of tear staining than pigs administered Improvac® or turpentine.  However, 

no differences were evident when comparing control pigs to any treatment group 

(Table 2).  No day effects were evident for Experiment 1 (P > 0.05).  

Experiment 2:  No treatment differences were evident.  A day effect was present, 

with Day 1 being significantly lower than Days 2, 3 and 4 (0.11 ± 0.01, 0.23 ± 

0.04, 0.25 ± 0.04 and 0.27 ± 0.04 cm2, respectively). 

Acute phase proteins 

Experiment 1:  The administration of Neovac®, Improvac® and turpentine 

increased plasma concentrations of haptoglobin and C-reactive protein (P < 

0.001) relative to saline controls.  The administration of Improvac® and turpentine 

caused higher plasma concentrations of haptoglobin and C-reactive protein (P < 
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0.001) than the administration of Neovac® (Table 2).  In addition, increased 

concentrations of CRP (P < 0.001) were present on Days 2 and 4 compared to 

Day 0 (1855 ± 144.5, 1350 ± 144.5, 955 ± 144.5 ng/ml respectively).  

Haptoglobin concentrations were higher (P < 0.05) on Day 2 compared to Day 0 

(2.08 ± 0.087, 1.72 ± 0.087 mg/ml, respectively). 

Experiment 2:  Ketoprofen administration resulted in a decrease in haptoglobin 

concentration (P < 0.001) compared to all other treatment groups in Experiment 2.  

Meloxicam resulted in lower (P < 0.001) haptoglobin concentration than 

dexamethasone, but no differences were evident when compared to control 

animals (Table 3).  No differences were found for CRP concentrations (P > 0.05) 

between treatments (Table 3).  However, day effects were detected (P < 0.001) 

with CRP concentrations rising from 2028 ± 330.8 ng/ml on Day 0 to 6612 ± 

330.8 ng/ml on Day 2, then lowering to 4436 ± 330.8 ng/ml on Day 4.  

Haptoglobin concentrations on Day 0 were lower than on Day 2 and 4 (P < 0.001, 

0.87 ± 0.2, 2.1 ± 0.2 and 2.3 ± 0.2 mg/ml, respectively). 

Haematology 

Experiment 2:  Improvac® injection resulted in increased white blood cell 

concentrations and the associated white blood cell differentiation over days of the 

experiment (Table 4).  While white blood cell counts increased on Days 2 and 4 

(P < 0.05), there was an increase in percentage and absolute values of neutrophils 

on Days 2 and 4 (P < 0.001), a decrease in the percentage of lymphocytes (P < 

0.001) on Days 2 and 4, and a decrease in absolute values in plasma (P > 0.001) 

on Day 4.  Consequently there was a higher neutrophil: lymphocyte ratio on Days 

2 and 4, compared to Day 0 (1.27, 2.64 and 0.82 respectively).  No differences 
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were evident for the percentage of monocytes in plasma (P > 0.05), but changes 

were detected for the absolute values of monocytes (P < 0.001).  No differences 

(P > 0.05) were evident for white blood cell concentrations or any differentials for 

the anti-inflammatory treatment groups (Table 5).  The neutrophil: lymphocyte 

ratio for treatment groups were 1.16 dexamethasone, 1.44 ketoprofen, 1.32 

meloxicam and 1.36 for saline treated pigs.  

Table 4: Values for white blood cell concentration and its differentials in Experiment 2 for pigs 

on Days 0, 2 and 4 after the administration of Improvac® as an inflammation model. (mean ± SE) 

Variable Day 0 Day 2 Day 4 

White blood cell concentrations 19.4 ± 1.4a 24.3 ± 1.4b 22.4 ± 1.4b 

% neutrophils 41.3 ± 2.0a 51.3 ± 2.0b 50.8 ± 2.0b 

Neutrophil absolute values 8.2 ± 1.0a 12.6 ± 1.0b 11.6 ± 1.0b 

% lymphocytes 52.1 ± 2.1a 41.0 ± 2.1b 41.8 ± 2.1b 

Lymphocyte absolute values 9.9 ± 0.6a 9.9 ± 0.6a 4.4 ± 0.6b 

% monocytes 4.1 ± 0.6 4.8 ± 0.6 5.3 ± 0.6 

Monocyte absolute values 2.7 ± 0.3a 0.2 ± 0.3b 1.2 ± 0.3c 

Within rows, different superscripts denote statistical differences; P<0.05 

 

 

Table 5: Values for white blood cell concentration and its differentials in Experiment 2 for pigs 

suffering induced inflammation and treated with one of the following: saline, ketoprofen, 

meloxicam or dexamethasone. (mean ± SE) 

Variable Dexamethsone Ketoprofen Meloxicam Saline 

White blood cell 

concentrations 

21.5 ± 2.5 23.1 ± 2.5 19.9 ± 2.5 23.5 ± 2.5 

% neutrophils 45.4 ± 2.4 49.1 ± 2.4 48.3 ± 2.4 48.9 ± 2.4 

Neutrophil absolute values 10.2 ± 1.4 11.8 ± 1.4 9.8 ± 1.4 11.4 ± 1.4 

% lymphocytes 46.1 ± 2.4 45.1 ± 2.4 45.1 ± 2.4 43.5 ± 2.4 

Lymphocyte absolute values 8.8 ± 0.7 8.2 ± 0.7 7.4 ± 0.7 8.4 ± 0.7 

% monocytes 5.1 ± 0.7 4.1 ± 0.7 4.5 ± 0.7 5.4 ± 0.7 

Monocyte absolute values 1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.3 1.6 ± 0.3 
Within rows, different superscripts denote statistical differences; P<0.05 

 

Behaviour 

Experiment 1:  Behavioural differences were evident over days of the trial (Table 

6).  For example, total lying time increased on Day 4 compared to Days 0 and 1 

(P < 0.01), and lying + contact increased over all days (P < 0.001).  Time spent 

standing decreased on Day 4 compared to Days 0 and 1 (P < 0.05), time spent 

walking decreased on Days 1 and 4 when compared to Day 0 (P < 0.001), 
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scratching at the site of inflammation increased on Days 1 and 4 compared to Day 

0 (P < 0.001), social given interactions decreased on Days 1 and 4 compared to 

Day 0 (P < 0.001) and there was a decrease in social actions received on Days 1 

and 4 compared to Day 1 (P < 0.001).  

Table 6: Behavioural data collected on Days 0, 1 and 4 in Experiment 1, before and after pigs 

were injected with either saline, Improvac®, Neovac ® or turpentine to assess inflammation.  Data 

are presented as duration, s = seconds, or frequency of occurrence, c = total count. (mean ± SE) 

Variable Day 0 Day 1 Day 4 

Lying, s 3052 ± 175.5a 3296 ± 175.5a 3819 ± 175.5b 

Lying + Contact, s 2794 ± 236a 3214 ± 236b 3686 ± 236c 

Standing, s 1702.1 ± 160.1a 1702.1 ± 160.1a 1208.3 ± 113.6b 

Walking, s 155.4 ± 36.2a 58.4 ± 13.7b 47.6 ± 11.1 

Scratching, c 0.07 ± 0.07a 2.3 ± 0.7b 1.0 ± 0.4b 

Social given, c 29.2 ± 3.1a 15.3 ± 2.0b 14.9 ± 2.0b 

Social receive, c 23.9 ± 3.0a 13.1 ± 1.8b 13.6 ± 1.8b 

Within rows, different superscripts denote statistical differences; P<0.05 

 

Pigs administered turpentine (P = 0.053, 1.64 ± 0.9 bouts) tended to scratch the 

site of inflammation more often than pigs administered saline or Neovac® (0.3 ± 

0.2 and 0.2 ± 0.16 bouts, respectively), but no differences were noted for 

scratching when comparing Improvac® to all treatment groups.  Pigs administered 

Improvac® or turpentine (P < 0.05, 19.3 ± 2.6 and 17.9 ± 2.5 bouts, respectively) 

received more social interactions than pigs administered Neovac® (13.4 ± 2.0).  

No other treatment effects were evident. 

Experiment 2:  Behavioural differences were evident over days of the 

experiment.  Pigs spent more time lying on Days 1 and 4 (P < 0.001), more time 

lying + contact on Days 1 and 4 (P < 0.001), less time standing (P < 0.001) and 

less time walking (P < 0.001).  In addition, there were more bouts of scratching (P 

< 0.001) and fewer social actions given or received (P < 0.001), as shown in 

Table 7.  No behavioural treatment effects were evident (P > 0.05).  
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Table 7: Behavioural data collected on day 0, 1 and 4 in Experiment 2, before and after pigs were 

injected with the inflammation model Improvac® and treated with either saline, ketoprofen, 

meloxicam or dexamethasone.  Data are presented as duration, s = seconds, or frequency of 

occurrence, c = total count. (mean ± SE) 

Variable Day 0 Day 1 Day 4 

Lying, s 3160 ± 120.6a 3776 ± 120.3b 3704 ± 120.3b 

Lying + Contact, s 2827 ± 140.2a 3598 ± 140.2b 3609 ± 140.2b 

Standing, s 1462 ± 106.4 930 ± 106.4 721 ± 106.4 

Walking, s 57.0 ± 7.4 37.6 ± 5.99 18.2 ± 4.16 

Scratching, c 0.2 ± 0.09a 1.7 ± 0.49b 0.14 ± 0.08a 

Social given, c 16.3 ± 3.12a 9.88 ± 2.01b 6.9 ± 1.50c 

Social receive, c 13.5 ± 2.80a 8.8 ± 1.92b 6.3 ± 1.43c 

Within rows, different superscripts denote statistical differences; P<0.05 

 

 

4. Discussion 

 

Effective analgesic/anti-inflammatory medications are an important aid to the 

recovery of sick and injured pigs.  Ison and Rutherford (2014) showed that the 

three most common analgesic/anti-inflammatory drugs administered in the UK 

were meloxicam, dexamethasone and ketoprofen.  This is supported by Wilson et 

al. (2014), who found that meloxicam and dexamethasone were the most common 

analgesic/anti-inflammatory drugs administered to pigs by producers in Victoria, 

Australia.   

Experiment 1:  This experiment aimed to determine whether the administration of 

the vaccines Improvac® and Neovac® produce a similar inflammatory responses 

to a subcutaneous injection of turpentine in pigs. If so, this procedure could be 

used as an inflammation model to examine the efficacy of analgesic/anti-

inflammatory drugs.  Inflammation was assessed by comparison to saline treated 

pigs, if inflammation was not present then treatment groups would have had 

similar behavioural, acute phase protein concentrations and temperature data to 

the control group.  Pigs injected with turpentine and Improvac® showed similar 

acute phase protein responses and a larger presence of tear staining, compared to 
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pigs injected with Neovac®.  Turpentine treated pigs had higher infrared eye 

temperatures, received more social interactions and displayed a tendency to 

scratch the inflamed area.  As Improvac® treated pigs showed an increase in acute 

phase protein concentrations, increased tear staining and received more social 

interactions, similar to turpentine, it was concluded that it was suitable to use as 

an inflammation model to test the efficacy of meloxicam, ketoprofen and 

dexamethasone.   

The ideal inflammation model is easily obtained and administered and does not 

cause unnecessary pain and suffering.  Turpentine administration is commonly 

used to induce hormonal and metabolic changes similar to those found during 

injury and infection (Jahoor et al., 1995; Jahoor et al., 1999; Carpintero et al., 

2005; Rakhshandeh and de Lange, 2012).  However, with the varied volumes of 

turpentine used in these studies and the potential for harmful side effects such as 

skin ulceration and extreme pain (Rakhshandeh and de Lange, 2012), it cannot be 

considered a welfare-acceptable option for inducing inflammation.  To reduce the 

possibility of side effects the volume of turpentine administered was reduced to 

0.2 mL/kg.  Previous research in sheep by Colditz et al. (2011) showed that this 

was a volume provided an inflammatory response suitable to test the efficacy of 

analgesic/anti-inflammatory drugs.  These authors reported that this volume of 

turpentine elevated skin temperature and haptoglobin concentrations to above 

what is considered normal for healthy sheep, increased sensitivity around the 

injection site and caused loss of appetite, making it a suitable model to evaluate 

alternative inflammation models.  

It was proposed in the present study that the administration of a vaccine could be 

an alternative inflammation model to turpentine, without the harmful side effects, 
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and thus have lower welfare risk.  It has been shown that the administration of a 

Mycoplasma hyopneumoniae vaccine in young pigs resulted in pigs displaying 

sickness behaviours, such as a decreased willingness to approach an observer 

(Fangman et al., 2011) and the administration of Improvac® resulted in increased 

Pig-Major Acute Protein concentrations and decreased activity for 2-3 days 

compared to control animals (Fàbrega et al., 2010).  The physiological and 

behavioural differences noted with these vaccines may be attributed to the 

addition of an adjuvant to the vaccine.  These adjuvants are agents that non-

specifically increase the immune response (Jennings, 1995).  They provide T cell 

help to ensure maximum uptake of the vaccine (Alving, 2002).  This experiment 

investigated Improvac®, which uses Diethylaminoethyl (DEAE)-dextran as an 

adjuvant (European Medicines Agency, 2001), as it had previously been shown 

that acute phase proteins increased after administration, and Neovac®, which uses 

a paraffin (petroleum) based adjuvant (Pfizer Animal Health, 2011), as it had not 

been investigated for its inflammatory response in pigs. 

The administration of turpentine, Improvac® and Neovac® did not affect weight 

gain in the subsequent days.  As weight was only measured over a five day 

period, and a major aim of the experiment was not to induce severe and long 

lasting pain, is reasonable that weight did not change over this period.  This 

observation is supported by Jahoor et al. (1995), who previously reported that the 

administration of turpentine only had a marginal effect on weight gain in the two 

days after injection.  The lack of weight change in this experiment may indicate 

that these treatments induce an inflammatory response without the behavioural 

alterations, such as reluctance to feed, associated with severe pain.  It is possible 

that more subtle growth-related effects of inflammation may have been impacted 



149 
 

by these three treatments.  For example Rakhshandeh et al. (2012) determined 

that the subcutaneous injection of turpentine resulted in decreased feed intake.  In 

the current study, pigs administered different treatments were co-mingled within 

pens, meaning that individual feed intakes could not be calculated. 

Body temperature has been shown to increase with inflammation (Hart, 1988).  

The use of eye temperature is considered a good indicator of core temperature due 

to its proximity to the brain (Weschenfelder et al., 2013).  Infrared eye 

temperatures (IET) have shown to be reflective of core body temperature in mule 

deer infected with foot and mouth disease (Dunbar et al., 2009) and shown to 

increase in times of illness and inflammation.  For example, pigs infected with E. 

coli lipopolysaccharide, calves undergoing surgical castration and calves suffering 

from Type 2 bovine viral diarrhoea virus (Schaefer et al., 2004; Stewart et al., 

2009; Rakhshandeh and de Lange, 2012) all presented with increased IET.  In this 

experiment pigs administered turpentine had significantly higher eye temperatures 

than other treatment groups, suggesting that turpentine elicits a greater 

inflammatory response than the administration of saline, Improvac® or Neovac®.  

In addition, eye temperatures were higher on Days 2 and 3 compared to Day 1, 

supporting the notion that eye temperature increases during times of 

inflammation.  

Tear staining, or chromodacryorrhoea, is a term for an overflow of reddish/brown 

secretions from the Harderian gland (Mason et al., 2004).  The presence of 

chromodacyorhoea staining is a well validated tool to assess welfare in laboratory 

rats, including social stress (Mason et al., 2004), environmental stress (Burn et al., 

2006; Abou-Ismail et al., 2008) and pain and inflammation (Harper et al., 2001; 

Cloutier and Newberry, 2008).  Tear staining has been evaluated for social and 
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environmental stress in pigs, but there have been no studies to determine if it is 

present in times of pain and inflammation.  Deboer et al. (2015) reported that a 

larger tear stained area was found in animals housed in isolation and non-enriched 

pens compared to other pigs, and it has been positively associated with social rank 

in group housed pigs (Marchant-Forde and Marchant-Forde, 2014), and 

hypothalamic-pituitary-adrenal and sympathomedullary axis activation (DeBoer 

and Marchant-Forde, 2013).  In these experiments no treatment differences were 

evident.  Whilst tear staining in rats is a validated tool to assess inflammation, 

further research needs to be conducted to determine if tear staining in pigs is a 

useful indicator of inflammation. 

Haptoglobin and C-reactive protein (CRP) concentrations are commonly used as 

health indicators for infection and inflammation (Eckersall et al., 1996; Heegaard 

et al., 1998; Friton et al., 2006).  Lampreave et al. (1994) and Eckersall et al. 

(1996) showed that haptoglobin and CRP are two strong markers that respond 

positively to acute inflammation induced by a subcutaneous turpentine injection, 

with serum concentrations increasing between 2-8 fold within 48 h after injection.  

The haptoglobin concentrations for Improvac®, Neovac® and turpentine treated 

pigs (1.74 – 2.32 mg/mL) reported in this experiment are similar to concentrations 

reported by Heinonen et al. (2010) (2.8 mg/mL) and Petersen et al. (2002) (1.99 

mg/mL) for tail bitten pigs.  Haptoglobin concentrations for turpentine and 

Improvac® (2.32 mg/ml and 2.24 mg/ml, respectively) were similar to 

haptoglobin concentrations reported by Petersen et al. (2002) in response to 

lameness (2.19 mg/mL).  Similarly, the increase in CRP concentrations mirror the 

concentration trends for pigs that underwent surgical castration (Sutherland et al., 

2012), pigs that were infected with Actinobacillus pleuropneumoniae (Heegaard 
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et al., 1998) and tail bitten pigs (Heinonen et al., 2010).  The increases in 

haptoglobin and CRP concentrations indicate acute phase protein responses 

similar to those found in pigs suffering from inflammatory conditions.  Of the 

compounds tested, Neovac® had lower haptoglobin and CRP concentrations than 

turpentine and Improvac®.  The similarities in haptoglobin and CRP responses to 

turpentine and Improvac® support our contention that Improvac is a suitable 

inflammatory model to test the efficacy of anti-inflammatory drugs.  

Assessment of behavioural response has a number of major advantages, as it is 

non-invasive, tends to be non-intrusive and is the result of the animal’s own 

decision making process (Dawkins, 2004).  Pigs suffering from pain and 

inflammation show behavioural changes such as prostration, huddling, stiffness, 

trembling, isolation, scratching, tail wagging, licking and chewing, spasms (Hay 

et al., 2003), reduced walking, reduced social interaction (Llamas Moya et al., 

2008) and increased vocalisation (Leidig et al., 2009).  In this experiment, all 

pigs, including the control group, showed behavioural changes that characterised 

pain and inflammation.  This included increased time lying, with and without 

contact, less time standing and less time walking.  This may have contributed to 

the lack of significant differences between treatment groups, it is possible that 

control animals engaged in allelomimetic behaviour.  Allelomimentic behaviour 

occurs when the behaviour of one animal is affected by the behaviour of other 

animals within the group (Nicol, 1995).  Allelomimetic behaviour has previously 

been seen in feeding behaviour in pigs (Hsia and Wood-Gush, 1984; Gonyou et 

al., 1992), but investigation of allelomimetic behaviour associated with illness or 

injury has not been reported.  However, behavioural observations demonstrated 

that pigs administered turpentine tended to scratch more at the inflammation site, 
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and pigs administered either turpentine and Improvac® received a greater number 

of social interactions, without reciprocation.  Fabrega et al. (2010) noted that pigs 

administered Improvac® had lower activity than non-castrated males in the first 2-

3 days after injection, which supports our behavioural and physiological results 

that turpentine and Improvac® generate a level of inflammation of biological 

consequence.  A shortfall of these measurements is the lack of blinding of the 

assessor to treatment groups during the collection of behavioural data.  This may 

have led to bias over treatment groups.  Bello et al. (2014) stated that it is not 

standard procedure to blind outcome assessors in animal model experiments, but 

found that lack of blinding in animal model experiments with subjective outcomes 

resulted in a considerable risk of observer bias.  This is supported by Tuyttens et 

al. (2014) who found that there was expectation bias when veterinary students 

scored positive and negative interactions in pigs, cattle and hens. For example, 

students scored the same video footage twice and when they were incorrectly 

informed that the ambient temperature increased by 5°C, students recorded 

increased panting rates.’  

Of the three compounds tested for inflammation response, turpentine showed the 

greatest inflammatory response, with higher eye temperatures, higher acute phase 

protein concentrations, increased tear staining and more behavioural alterations 

than other treatments.  While pigs administered Improvac® showed similar acute 

phase protein concentrations to pigs administered turpentine, they had increased 

tear staining and received more social interactions than pigs administered 

Neovac® or saline.  Combined with the day effects evident in experiment 2 for 

increased haptoglobin concentrations, CRP concentrations and white blood cell 

counts we can conclude that Improvac® administration does cause an 
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inflammatory effect within the body.  Coupled with the fact that pigs administered 

Improvac® did not show any severe forms of pain or suffering, for example, 

increased core body temperature or major behavioural alterations compared to 

control pigs, it was determined that Improvac® would be a suitable inflammation 

model to test the efficacy of meloxicam, ketoprofen and dexamethasone. 

Experiment 2:  This experiment aimed to determine the efficacy of the anti-

inflammatory medicaments meloxicam, ketoprofen and dexamethasone in 

animals suffering from induced inflammation.  Inflammation was assessed by 

comparison to Improvac® treated pigs, if inflammation was not reduced treatment 

groups would have had similar behavioural, acute phase protein concentrations, 

haematology and temperature data to the control group.  Few differences were 

noted between the analgesic/anti-inflammatory drugs investigated.  Ketoprofen-

treated pigs had lower haptoglobin concentrations than pigs in all other treatment 

groups.  Pigs administered ketoprofen and meloxicam had lower rectal 

temperatures than control and dexamethasone treated pigs.  No behavioural 

changes due to treatment were evident.  It could not be conclusively determined if 

ketoprofen is more effective for weaner pigs than meloxicam or dexamethasone, 

but the reduction in haptoglobin concentrations could indicate that ketoprofen has 

a greater anti-inflammatory effect. 

A decrease in haptoglobin concentrations in pigs experiencing inflammation and 

treated with ketoprofen has not previously been reported.  However, decreased 

haptoglobin concentrations have been reported in bull calves undergoing 

castration and treated with ketoprofen (Earley and Crowe, 2002; Ting et al., 

2003).  In the present experiment ketoprofen treated pigs had lower haptoglobin 

concentrations than all other treatment groups.  This suggests that ketoprofen 
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could reduce inflammation to a greater degree than meloxicam and 

dexamethasone.  The lack of a decrease in haptoglobin concentration for 

meloxicam is similar to other reported experiments in which pigs challenged with 

Escherichia coli (Friton et al., 2006) and piglets undergoing castration (Keita et 

al., 2010) and treated with meloxicam showed no significant differences in 

haptoglobin concentrations.  Whilst both ketoprofen and meloxicam are NSAIDs 

they do have different mechanisms of action.  Ketoprofen is a non-selective COX 

inhibitor (Junot et al., 2008) and comprises of a 50:50 mixture of two 

enantiomers, R- and S-ketoprofen.  In comparison, meloxicam is a COX-2 

selective NSAID (Euller-Ziegler et al., 2001).  This could be why decreased 

haptoglobin concentrations are evident for ketoprofen and not meloxicam.  To our 

knowledge this is the first study that investigated the effect of dexamethasone on 

APP concentrations, with the results suggesting that the administration of 

dexamethasone does not decrease APP concentrations for pigs suffering induced 

inflammation.   

The administration of ketoprofen, meloxicam and dexamethasone had no effect 

on white blood cell counts and its differentials.  Dexamethasone is a well-studied 

immunosuppressant and has been reportedly used as an immune suppressant 

model in a variety of animals (Roth and Kaeberle, 1981; Jeklova et al., 2008).  

However, the use of dexamethasone in this study did not result in a reduction in 

white blood cell counts.  This finding is supported by Flaming et al. (1994), who 

reported no effect on white blood cell counts 24 h after dexamethasone 

administration at the rate of 2 mg/kg, but a decrease was noted in lymphocyte, 

monocyte and eosinophil concentrations 3-4 h after treatment.  The administration 

of NSAIDs is often considered preferable as they lack the immunosuppressive 
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properties of steroidal drugs.  The present findings suggest that dexamethasone 

administered to pigs at the rate of 0.1 mg/kg once a day for three days does not 

affect white blood cells concentrations within the body.  However, as 

immunosuppression is one of the main methods by which steroidal drugs reduce 

inflammation, this finding (combined with the temperature and APP data 

collected for dexamethasone) could indicate that dexamethasone may not be 

useful as an anti-inflammatory drug in weaner pigs at the rate of 0.1 mg/kg.  

Ketoprofen and meloxicam have well documented anti-pyretic properties 

(Swinkels et al., 1994; Engelhardt et al., 1995) and the similarities in rectal 

temperatures suggest that both NSAIDs played a role in slightly reducing body 

temperature, but as no pigs presented with a body temperature indicative of fever 

(>40.0°C) (Fraser, 1970), it is unlikely that this reduction in temperature was of 

biological significance in this experiment.  Similar findings were noted for IET, 

where ketoprofen, meloxicam and dexamethasone showed similar IET, and pigs 

in the control groups presented with lower eye temperatures.  However, since 

only a 0.3°C decrease was recorded it is unlikely to be biologically significant to 

the animal.  IET did increase on Days 1 and 2.  When an animal is experiencing 

inflammation, increases in IET could be detected earlier than other methods to 

determine core body temperature (Schaefer et al., 2007).  This increase may 

indicate a subtle inflammation response to Improvac® that was not detected via 

rectal temperature measurement.   

A reduction in pain related behaviours is common after anti-inflammatory 

administration (Flecknell and Roughan, 2004; Langhoff et al., 2009).  Keita et al. 

(2010) demonstrated that meloxicam treated pigs undergoing castration showed 

no behavioural signs of pain.  Langoff et al. (2009) found that meloxicam and 
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flunixin reduced pain related behaviours compared to control pigs when 

administered 15-30 min before the surgical procedure.  Reyes et al. (2002) 

reported that miniature pigs administered meloxicam displayed fewer pain related 

behaviours after surgery compared to pigs administered paracetamol or control 

(no pain relief) and Mustonen et al. (2011) found that there was a significant 

reduction in lameness for lame sows treated with oral ketoprofen for 5 

consecutive days.  In the present study no behavioural differences due to 

treatment were evident.  Whilst the above-mentioned studies clearly show a 

reduction in pain related behaviours when NSAIDs are administered, the majority 

of these studies have involved severe pain, for example after a surgical procedure.  

Whilst the administration of Improvac® in Experiment 1 did result in a reduction 

in social behaviour, which could be indicative of pain, the severity of pain may 

not be significant enough to enable differentiation of behavioural responses due to 

these anti-inflammatory drugs.   

The administration of analgesic/anti-inflammatory drugs has been shown to 

improve weight gain or feed intake in pigs suffering from illness and injury (Seo 

et al., 2002; Opriessnig et al., 2004; Escobar et al., 2007).  In this study the 

administration of ketoprofen, meloxicam or dexamethasone did not affect weight 

gain in pigs suffering from inflammation.  As Improvac® administration did not 

cause significant decreases in weight gain in Experiment 1, it was unlikely that 

treatment with ketoprofen, meloxicam or dexamethasone would affect weight 

gain in Experiment 2. 

In conclusion, Experiment 1 developed an inflammation model suitable for testing 

the efficacy of anti-inflammatory drugs in young weaner pigs.  Improvac® 

administration resulted in acute phase protein responses similar to turpentine and 
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a reduction in social interaction.  This suggestthat Improvac® would be a suitable 

alternative to turpentine as an inflammation model in pigs.  Experiment 2 showed 

that pigs administered ketoprofen had lower haptoglobin concentrations and pigs 

administered ketoprofen or meloxicam had lower rectal temperatures than all 

other treatment groups.  Increases for APP, white blood cell counts and IET over 

the days of the trial demonstrated that Improvac® causes inflammation. However, 

the inflammatory response appears to be subtle in nature and not large enough to 

enable the efficacy of the drugs to be determined.  Therefore, whilst the 

administration of ketoprofen reduced haptoglobin concentrations and rectal 

temperatures, it could not be conclusively determined if ketoprofen has a greater 

efficacy than meloxicam and dexamethasone in weaner pigs.   
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Abstract 

Objective(s): The objectives of this experiment were to compare the efficacy of 

ketoprofen and meloxicam treatment on naturally-occurring lameness in weaner 

pigs housed on a commercial farm and to compare the response of pigs to NSAID 

treatments for 2 or 6 days. 

Materials and Methods: Sixty eight, 4-6 week old lame weaner pigs were 

assigned to either a control group (C; no treatment), or administered ketoprofen (3 

mg/kg) or meloxicam (0.4 mg/kg) by intramuscular injection for either 2 (2K and 

2M) or 6 days (6K and 6M).  Responses to treatment were assessed using 

behaviour, recovery scoring by farm staff, change in body weight and body 

condition score, tear staining and haptoglobin concentration. 

Results: Pigs administered meloxicam and ketoprofen (P < .05) spent less time 

lying than control pigs on Days 1 and 3.  Day x treatment interactions (P < .05) 

were evident for haptoglobin concentrations, with 6K pigs having lower mean 

haptoglobin concentration than 2K and C pigs, and 2M pigs had lower 

haptoglobin concentrations than C.  Haptoglobin concentrations were lower on 

Day 3 for 6K pigs compared to C.  Pigs treated with NSAIDs for 6 days tended to 

be classed as ‘better recovered’ by piggery staff members. 

Implications: NSAID administration may provide some pain relief during the 

acute phase of lameness.  Recovery assessment was the only measure to indicate 

that prolonged use of NSAIDs may aid the recovery of lame weaner pigs.  Further 

research is required to support the recommendation to routinely treat lame weaner 

pigs with NSAIDs. 
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1. Introduction 

Lameness has been defined as the inability to use one or more limbs in a normal 

fashion while generally displaying a normal degree of alertness and coordination 

in the other unaffected limbs 1.  Growing pigs often experience lameness on 

commercial pig farms, particularly where there is hard or slatted flooring 2.  If left 

untreated, damaged feet or legs can become infected, resulting in chronic 

lameness, pain and suffering 3.  The anti-inflammatory, antipyretic and analgesic 

activities of non-steroidal anti-inflammatory drugs (NSAID) 4 in conjunction with 

antibiotic treatment may help relieve pain and aid the recovery of pigs suffering 

from lameness. 

The most frequently administered NSAIDs in the pig industry are meloxicam and 

ketoprofen in the UK 5 and meloxicam in Australia 6.  Both of these NSAIDs have 

been successfully used to treat lameness in older pigs.  Mustonen et al. 7 treated 

lame sows and gilts with oral ketoprofen for 5 consecutive days.  They reported 

that 54.3% of pigs treated at the rate of 4 mg/kg and 53.2% of pigs treated with 2 

mg/kg recorded decreased lameness scores after treatment, whereas only 20.8% 

of control pigs had decreased lameness scores.  Lame gilts, sows and grower pigs 

treated with meloxicam had improved lameness scores, increased feed intake and 

fewer pigs were described as “depressed” 8.  Sows experiencing induced 

inflammation and treated with oral meloxicam showed greater pain tolerance for 

36-72 h after lameness induction 9 and lame sows administered meloxicam spent 

more time standing after feeding than they did before treatment 10.  When 
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lameness was induced in young pigs, ketoprofen had a marked analgesic effect 11, 

but the same difference was not reported for meloxicam 12.  These studies suggest 

that the administration of meloxicam may not be as effective in young pigs.  To 

our knowledge there have been no published studies investigating the 

effectiveness of anti-inflammatory drugs on naturally occurring lameness in 

weaner pigs.   

In weaner pigs lameness has been recorded as the most frequent reason why anti-

inflammatory drugs are administered 2 and sickness induced anorexia associated 

with lameness is more severe in young pigs compared to older pigs 3.  Increased 

suffering in young pigs could be attributed to developmental deficiencies in their 

immune system, resulting in greater reactions to a given stimulus 13.  

Alternatively, the smaller body dimensions and quicker movements of young pigs 

potentially contribute to difficulties in identifying lameness 3, or the clinical 

causes of lameness may differ for differing age groups.  Infectious arthritis is a 

common cause of lameness in young weaner pigs, whereas, osteochondritis is 

common in older pigs Straw et al.,14.  Lameness in weaner pigs likely differs from 

that in older breeder and grower pigs, with infectious arthritis likely to be a major 

contributor.  The chronicity of infectious arthritis in weaner pigs was 

demonstrated when pigs were inoculated with Mycoplasma hyosynoviae to induce 

clinical arthritis and viable M. hyosynoviae bacteria were recovered from the 

joints for up to 21 days after inoculation.  The tonsils, lymph nodes and joints of 

challenged pigs remained persistently infected with Mycoplasma bacteria 3- 16 

weeks after infection 15.  In cattle, pain behaviour associated with lameness was 

shown to persist for at least four weeks after treatment 16.  With this background 

information in mind, this experiment was conducted to investigate the value of 
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anti-inflammatory administration in assisting the recovery of weaner pigs from 

lameness in a commercial setting.   

As meloxicam is one of the most commonly administered NSAIDs 5; 6, and it has 

been suggested that the administration of meloxicam is not as effective as 

ketoprofen in young lame pigs 17, the objectives of this experiment were to 

compare the efficacy of ketoprofen and meloxicam treatment on naturally 

occurring lameness in a production setting, and to determine if duration of 

NSAID treatment was sufficient for recovery, due to the chronic nature of 

lameness.  It was hypothesised that pigs administered ketoprofen would show a 

greater recovery response than control pigs or pigs administered meloxicam, and 

that pigs administered a NSAID for 6 days would show greater recovery than 

control pigs and pigs administered an NSAID for 2 days.  

 

2. Methods 

2.1. Ethics 

This experiment was conducted at a large commercial grow-out piggery in central 

Victoria, Australia, with approval from the Animal Care and Ethics Committee at 

Charles Sturt University (Application 14/022).  This committee operates in 

accordance with the NSW Animal Research Act. 

2.2. Housing and husbandry 

A total of 68 (41 males and 27 females), 4-6 week old, Landrace x Large White 

pigs were involved in the experiment.  All pigs were selected for hospitalisation 

for lameness during routine daily observations by stockpersons working at the 

farm.  Pigs presenting mild to moderate lameness were included in the 
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experiment; any pigs that were considered severely lame by either the 

stockpersons or researchers were not included and immediately treated with 

analgesic/anti-inflammatory medication, as per the producer’s request.  Pigs 

classed as severely lame showed a combination of extreme signs of pain 

(vocalisation, tremors, reluctance to move and a body condition score (BCS) of 

1).  Lame pigs were moved from the general herd into a designated hospital pen.  

Three hospital pens were used over the duration of the experiment.  Pigs were 

moved into a recovery pen after the experimental period.  Pens were 4.5 m x 4.5 

m with raised grated flooring.  A feed hopper ran the width of the rear of the pen 

and two sets of two nipple drinkers were at the either side of the gate at the front 

of the pen, giving all pigs access to feed and water ad libitum.  A heat lamp was 

situated in the centre of the pen.  Pigs were fed a commercial diet suitable for 

their age group provided by the commercial piggery.  Shed temperature was 

automatically regulated between 19 - 31°C.  

Upon identification pigs were ear tagged for identification purposes.  Ear tags 

were applied using tagging pliers to the centre of the right ear and the printed tag 

number recorded. 

2.3. Treatments 

All pigs in the trial were administered Amoxycillin (7.5 mg/kg, Moxylan®, Jurox, 

Rutherford, Australia) daily for 3 days as per veterinary advice and were 

randomly assigned to one of five treatment groups: a control (n = 15, no 

treatment), ketoprofen (n = 14, 3 mg/kg, Ketofen®, Merial, North Ryde, 

Australia) for 2 days (2K), meloxicam (n = 13, 0.04 mg/kg, Metacam®, 

Boehringer Ingelheim Vetmedica, North Ryde, Australia) for 2 days (2M), 
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ketoprofen (n = 13, 3 mg/kg, Ketofen®, Merial, North Ryde, Australia) for 6 days 

(6K), or meloxicam (n = 13, 0.4 mg/kg, Metacam®, Boehringer Ingelheim 

Vetmedica, North Ryde, Australia) for 6 days (6M).  All were administered via 

intramuscular injection behind the right ear. 

2.4. Data collection 

Daily data collection was performed between 0700 and 1200 h.  Pigs were 

removed from the pen individually and restrained for approximately 5 minutes, 

during which time they were assessed using the following criteria (in order): 

weight, blood sampling, rectal temperature, infrared eye temperature (IET) and 

body condition score.  After the assessment, the pig was treated with an antibiotic 

and the designated NSAID.  At 1400h video recording began for behavioural 

analysis.  On Day 1 weight, blood sampling, rectal temperature, IET and body 

condition score were recorded before treatment and behaviour was recorded after 

treatment. 

Weight change and body condition score:  Pigs were weighed on Days 1, 7 and 

14 using electronic scales (0.1 – 200 kg, Sanitas SGS06, Uttenweiler, Germany) 

and weight changes over time were calculated.  BCS was determined on Days 1, 7 

and 14 by the researchers.  Pigs whose BCS=1 were designated “poor”, BCS=2 

were designated “moderate” and BCS=3+ were designated “healthy”.  BCS was 

determined in accordance with condition scoring outlines stated in the Primary 

Industries Model Code of Practice for the Welfare of Animals: Pigs 18.   

Tear staining:  The level of tear staining each pig had was recorded on Days 1, 3 

and 7.  The left eye was photographed using a digital camera (Nikon D5100, 

Nikon Corp, Tokyo, Japan).  Digital images were analysed using the freeware 
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Image-J software (NIH, Rockville, MD, USA), which allowed the area of tear 

stained skin to be calculated.  To determine area, a reference (fixed measurement) 

is required within the photograph.  Iris diameter for individual pigs was used as a 

reference distance, with the diameter of the iris for each pig measuring 

approximately 1 cm.  

Blood samples:  Blood samples were collected by jugular venipuncture on Days 

1, 3 and 7.  Blood was collected into 10 mL sterile vacutainer tubes for acute 

phase protein analysis.  Samples for acute phase protein concentrations were 

allowed to clot, centrifuged (2000 g for 10 min), and the serum was collected and 

frozen (-20⁰C) until analysis.  Plasma serum samples were analysed for 

haptoglobin concentration using the commercially available Tridelta® PhaseTM 

Range colometric assay (Premier Diagnostics, Buddina, Australia).  Testing was 

completed according to manufacturer’s instructions. 

Posture and recovery assessment:  The posture of pigs was collated from digital 

CCD video recordings (DVMR H.264, Aussie Surveillance, Echuca, VIC, 

Australia) on Days 1, 3 and 7.  Each pen had one camera located at the rear of the 

pen, ensuring that all areas of the pen were visible.  Individual animals were 

identified by numbering on their backs and sides and the position of the animal 

(Table 1) was recorded every 15 min between 1400-0000 h.  This frequency of 

observations has been validated to detect differences in posture for lame pigs by 

Pairis-Garcia et al. 19. 

Visual assessment of recovery was completed on Day 3, 7 and 14 by 3 piggery 

staff members, who were individually asked if they believed the animal was 

recovered enough to be removed from the hospital pen and placed back into the 
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general population.  Responses consisted of a Yes/No answer and staff members 

were unaware of the responses by their peers.   Staff members were blind to the 

treatments, and the length of time pigs had been involved in the experiment.  The 

staff members involved had at least 6 months experience in the pig industry.  Staff 

were encouraged to complete assessment using the normal procedures they would 

use on a day to day basis.  No time limit was involved, and the methods used to 

assess recovery included observing from the outside of the pen, entering the pen 

to encourage movement, and if they felt it was necessary, handling the animal to 

inspect lame limbs. 

Table 1: Catalogue of behaviours used for behavioural analysis 

Posture Description 

Standing Animal had weight distributed evenly on all legs, with no other part of the 

body resting on the ground 

Sitting Weight was distributed between the front legs and rump was touching the 

ground 

Kneeling  Weight was distributed between the rear legs which were extended and the 

front knees 

Lying Weight was distributed on the body of the animal, which was resting on the 

ground 

 

Statistics:  Data were analysed in Genstat® (17th edition, VSN International Ltd, 

Hemel Hempstead, UK).  In all analyses the fixed model included day, gender 

and treatment, and included the interactions for day x gender, day x treatment and 

gender x treatment.  If no interactions were evident they were removed from the 

model and analyses rerun.  Random effects were pen and pig identification 

number.  Data for weight were log transformed and analysed in a linear mixed 

model (LMM).  Where transformations were not reported data met all normality 

requirements.  No transformations were required for body temperature and data 

were analysed using LMM.  Tear staining data were transformed by LOG(tear 



176 
 

staining+0.01) and analysed using LMM.  Recovery assessment was analysed 

using a Binomial GLMM.  

BCS data were analysed by fitting an ordinal generalised linear mixed model.  

Fixed effects were included for treatment, day, as well as their interaction, and 

gender.  Random effects were included for pen, and pig number, nested within 

pen.  Significance of the effect terms was tested using Wald chi-square and F-

tests.  The model fitting was conducted using ASReml 3 (VSN international, 

Hemel Hempstead, UK).  Behavioural analysis was performed using a generalised 

linear mixed model.  A binomial total of 41 was used as the behaviours (lying 

standing and sitting) added to 41.  Lying and standing were analysed separately 

and the probability of time spent sitting was not analysed due to few incidences of 

this behaviour.  In this report only lying behaviour is discussed, as standing 

behaviour is the mirror image of lying. 

3. Results 

Weight Change and body condition score 

There were no differences in the weights of pigs between treatment groups at any 

time point (P > .05).  Pigs in all treatment groups gained weight over the duration 

of the study, with 2K pigs having an average weight gain of 8.1 ± 0.72 kg, 2M 

pigs 8.3 ± 0.79 kg, 6K pigs 8.9 ± 0.82 kg, 6M pigs 9.9 ± 0.91 kg and C pigs 9.2 ± 

0.79 kg.  Body condition score was similar among all treatment groups, (P > .05), 

but improved over the 14-day duration of the study (P < .001) as shown in Figure 

1. 
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Figure 1: Body condition scores on Days 1, 7 and 14 of the experiment. Body condition score 

(BCS) categories suggest healthy pigs (BCs ≥ 3, white), moderately healthy pigs (BCS = 2, grey), 

pigs of poor health status (BCS = 1, black).  Means with significant differences (P < .05) are 

denoted by different superscripts. 

Haptoglobin concentrations 

A day x treatment interaction was evident for haptoglobin concentrations and the 

mean treatment values are displayed in Table 2 for each day after treatment.  On 

Day 1, 6K pigs had lower (P < .05) haptoglobin concentrations than 2K and C 

pigs, and 2M pigs had lower (P < .05) haptoglobin concentrations than C pigs.  

Haptoglobin concentrations were lower (P < .05) on day 3 for 6K pigs compared 

to C pigs.  No treatment differences were evident on Day 7. 

Table 2: Haptoglobin concentrations (mg/mL) for Days 1 (before treatment), 3 and 7 in lame pigs 

treated with ketoprofen or meloxicam for either 2 or 6 days. (mean ± SE) 

Day Ketoprofen (2K) Meloxicam 

(2M) 

Ketoprofen 

(6K) 

Meloxicam 

(6M) Control 

Day 1 1.9 ± 0.33bc 1.7 ± 0.34ac 1.3 ± 0.33a 1.7 ±0.34 2.5 ± 0.33b 

Day 3 1.4 ± 0.33 1.7 ± 0.34 0.9 ± 0.33a 1.4 ± 0.34 2.0 ± 0.33b 

Day 7 1.1 ± 0.33 0.4 ± 0.34 0.6 ± 0.33 0.5 ± 0.35 0.8 ± 0.33 

Means with significant differences (P < .05) are denoted by different superscripts 
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Tear staining 

No significant differences (P > .05) were observed in the presence of tear staining.  

Tear staining presence for each treatment group per day is shown in Figure 2. 

 

Figure 2: Tear staining presence (area in mm2) over the first 7 days of the experiment for each 

treatment group. Ketoprofen for 2 days (), meloxicam for 2 days (), ketoprofen for 6 days (), 

meloxicam for 6 days () and control (). 

 

Behaviour 

Day x treatment interactions were evident for the proportion of time spent lying 

and displayed in Table 3.  On Day 1 (after treatment) 2K pigs spent less time 

lying (P < .05) than 2M and C and 6K pigs spent less time lying (P < .05) than 

2M.  On day 3, 2K and 6M pigs spent less time lying (P < .05) than C pigs and on 

Day 7, and C pigs spent less time lying (P < .05) than 6K pigs.  

Table 3: Percentage of time spent lying for Days 1 (after treatment), 3 and 7 in lame pigs treated 

with ketoprofen or meloxicam for either 2 or 6 days. (mean ± SE) 

Day Ketoprofen (2K) Meloxicam 

(2M) 

Ketoprofen 

(6K) 

Meloxicam 

(6M) Control 

1 83 ± 2.8a 90 ± 2.1c 84 ± 2.7ab 85 ± 2.6 89 ± 2.1bc 

3 80 ± 3.1a 86 ± 2.6 85 ± 2.6 81 ± 3.1a 88 ± 2.9b 

7 83 ± 2.8 84 ± 2.8 87 ± 2.4a 83 ± 2.8 81 ± 3.0b 

Means with significant differences (P < .05) are denoted by different superscripts 

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7

Te
ar

 S
ta

in
in

g 
p

re
se

n
ce

 (
m

m
2 )

Day



179 
 

Recovery assessment 

A day effect was evident with a greater number of piggery personnel (P < .001) 

declaring that a pig was recovered enough to be returned to the general herd on 

Day 7 (58 ± 0.05%) and 14 (73 ± 0.04%) compared to Day 3 (47 ± 0.05%) of the 

experiment.  Figure 3 shows that 6M pigs tended (P < .1) to have a higher 

probability of being classed as recovered by piggery personnel compared to all 

other treatment groups. 

 

Figure 3: The proportion of animals classed as recovered sufficiently to return to the general herd 

after not receiving an anti-inflammatory drug (C) or being treated with ketoprofen for 2 or 6 days 

(2K and 6K) or meloxicam for 2 or 6 days (2M and 6M) when assessed on Day 3, 7 and 14 of the 

experiment.  Different superscripts denote means that tended to be significantly different (P < .1) 

 

4. Discussion 

 

Lameness is a common condition on commercial pig farms 2.  The administration 

of a NSAIDs 4 in conjunction with antibiotic treatment may help relieve pain and 

improve the recovery rates of pigs suffering from lameness.  This experiment 

aimed to assess the usefulness of ketoprofen and meloxicam in aiding the 

recovery of naturally occurring lameness in weaner pigs housed in a commercial 

setting.  Due to the tendency for lameness to be chronic in nature, this experiment 

compared the response of pigs to NSAID treatments for 2 or 6 days.  Recovery 
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was assessed by comparison to control (no NSAID administration) pigs, if 

animals were recovering then treatment groups would have had decreased lying 

time, acute phase protein concentrations, temperature and tear staining data. They 

also would have been more likely to be considered recovered compared to the 

control group.  The results of this experiment indicate that all treatment groups 

showed clear signs of recovery over the 14 day period, with decreased 

haptoglobin concentrations, increased recovery assessment by piggery personnel, 

and increased weight gain and BCS category.  However, mixed results were 

recorded for the effectiveness of anti-inflammatory medications and the length of 

time that they were administered.  Behavioural data showed that pigs treated with 

ketoprofen or meloxicam spent less time lying in the acute phase of the disease 

(Days 1 and 3) than pigs not administered an NSAID and the probability of being 

classed as recovered from lameness tended to increase with extended NSAID 

administration.  No treatment differences were evident for weight change, BCS, 

tear staining, or haptoglobin concentrations. 

Pain related behaviour, such as postural changes, have been be used to evaluate 

the presence and severity of pain in animals.  In particular, time spent lying is a 

useful measure to indicate lameness 19.  In this study pigs treated with a NSAID 

spent less time lying during the acute phase of the disease (Day 1 and 3) 

compared to non-treated control pigs.  It has been shown that non-lame pigs 

spend a greater proportion of their time standing than lame pigs 20.  The increased 

standing time evident in this experiment suggests that pigs administered a NSAID 

have reduced pain levels.  Reduced pain levels after NSAID administration is 

supported by Conte et al. 10 who reported that meloxicam (0.4 mg/kg) decreased 

stepping frequency and increased movement range of the affected limb.  In 
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addition, Pairis-Garcia et al. 19 determined that the administration of meloxicam 

(1.0 mg/kg) decreased lying frequency in sows for 48-72 h after lameness 

induction, Friton et al. 8 observed an improvement in clinical lameness scores 

while walking and at rest 24 h after meloxicam administration (0.4 mg/kg) and 

Mustonen et al. 7 reported that oral ketoprofen at the rates of 4 mg/kg and 2 mg/kg 

significantly reduced lameness scores in naturally occurring lameness in sows.  

To our knowledge, this is the first report that NSAID administration reduced lying 

time, and that both meloxicam and ketoprofen showed signs of pain reduction for 

naturally occurring lameness in weaner pigs.  However, whilst anti-inflammatory 

administration did alleviate behavioural pain symptoms for the first few days, 

extended use of NSAIDs did not improve behavioural scores over time with all 

treatment groups showing similar lying patterns by Day 7 of the experiment, 

suggesting that the current guidelines for NSAID use are sufficient. 

A shortfall of these measurements is the lack of blinding of the assessor to 

treatment groups during the collection of behavioural data.  This may have led to 

bias over treatment groups.  Bello et al. (2014) stated that it is not standard 

procedure to blind outcome assessors in animal model experiments, but found that 

lack of blinding in animal model experiments with subjective outcomes resulted 

in a considerable risk of observer bias.  This is supported by Tuyttens et al. (2014) 

who found that there was expectation bias when veterinary students scored 

positive and negative interactions in pigs, cattle and hens. For example, students 

scored the same video footage twice and when they were incorrectly informed 

that the ambient temperature increased by 5°C, students recorded increased 

panting rates.’  
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Weight loss and a decrease in BCS are commonly used tools in commercial 

settings to assess health in animals 18, but as these changes tend to occur over a 

longer period of time it cannot be classed as an early indicator of health.  

Therefore, to gain an insight into whether administration of a NSAID does affect 

recovery in terms of weight and BCS changes, these methods were assessed over 

a 14 day period.  In this experiment there were no weight or BCS differences 

between treatment groups.  Munsterhjelm et al. 3 noted that feed intake of lame 

pigs increased immediately upon diagnosis and treatment for pigs that recovered.  

However, feed intake continued to decrease for animals that eventually died, were 

culled or euthanised due to lameness.  As all pigs included in this study had mild 

to moderate lameness, and were treated with an antibiotic to treat any possible 

infection, this supports our findings in which the administration of a NSAID to 

weaner pigs suffering mild to moderate lameness did not affect weight gain or 

BCS compared to the control treatment. 

The presence of tear staining is a well validated tool to assess welfare in 

laboratory rats, including social stress 21, environmental stress 22; 23 and pain and 

inflammation 24; 25.  Tear staining has been evaluated for social and environmental 

stress in pigs, and has recently been positively correlated with ear and tail damage 

26.  Deboer et al. 27 reported that a larger tear stained area was found in animals 

housed in isolation and non-enriched pens compared to other pigs, and it has been 

positively associated with social rank in group housed weaner pigs 28, and 

hypothalamic-pituitary-adrenal and sympathomedullary axis activation 29.  In this 

experiment the administration of a NSAID did not appear to affect the amount of 

tear staining in lame weaner pigs.  As this experiment did not include a negative 

control (non-lame pigs) we could not conclude if tear staining increases when a 



183 
 

pig is suffering from lameness.  Whilst tear staining in rats is a validated tool to 

assess inflammation and Telkanranta et al. 26 reported a low positive correlation 

for tail and ear damage in older pigs, it is unclear if tear staining could be 

considered a subtle measure of inflammation.  Tear staining may be more 

prevalent for long term stressors.  For example, Telkanranta et al. 26 acclimatised 

pigs into treatment groups for between 3 weeks and 3.5 months, and pigs involved 

in the Marchant-Forde and Marchant-Forde 28 study were in experimental groups 

for 2 weeks before assessment began.  In the present experiment tear staining was 

measured immediately on lameness diagnosis and only small areas of tear staining 

were recorded.  This suggests that tear staining may need more time to develop 

than was allowed within this experiment.  Therefore, it is possible that tear 

staining assessment may not be suitable for use in the early identification of 

inflammation.  Further research needs to be conducted to determine if tear 

staining in pigs could be a reliable indicator of pain and inflammation in weaner 

pigs. 

Haptoglobin concentrations recorded during the present experiment were 

comparable with the findings of other studies.  Heinonen et al. 30 reported pigs 

suffering from tail biting had a mean haptoglobin concentration of 2.8 mg/ml 

while control animals had a mean concentration of 1.2 mg/mL.  Further, Petersen 

et al. 31 reported that lame pigs had mean haptoglobin concentrations of 2.2 mg/ml 

and non-lame animals 0.7 mg/mL.  Haptoglobin concentrations within this 

experiment fell into a similar range on Day 1 (before treatment), ranging from 1.3 

to 2.5 mg/mL, and by Day 7 concentrations had reduced to 0.4 – 1 mg/mL 

indicating that inflammation associated with lameness may have reduced over 

time.  However, the use of haptoglobin concentrations to assess the efficacy of 
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anti-inflammatory drugs was difficult due to day x treatment interactions where 

two experimental groups had significantly lower haptoglobin concentrations 

compared to control animals before treatment.  On Day 3 of the experiment, 6K 

pigs presented with lower haptoglobin concentrations compared to control 

animals, which may be attributed to the treatment group’s low haptoglobin 

concentrations before NSAID treatment.  Ketoprofen administration may decrease 

haptoglobin concentrations in calves undergoing castration, when administered 20 

min before the procedure 32.  As haptoglobin is a positive acute phase protein 

whose concentration has been shown to increase 2-8 fold within 48 hours of 

inflammation in pigs 33; 34, it reasonable to suggest that ketoprofen is able to 

prevent the formation of haptoglobin, but does not have an effect on haptoglobin 

concentrations already present in the body.  These results suggest that whilst 

ketoprofen administration reduces the development of inflammation, it may not 

alter inflammation levels associated with established injuries, such as lameness.   

In a survey completed by Wilson et al. 6, Australian producers stated that pigs 

were returned to the general herd from hospital pens when the pig ‘looks to have 

recovered’.  To investigate whether the administration of an anti-inflammatory 

drug will improve the probability of a pig ‘looking like its recovered’ piggery 

personnel were asked if they believed the animal was recovered enough to be 

returned to the general herd.  For this assessment, stockpersons were not given 

any information regarding the animal; they were unaware of treatments or how 

long the animal had been in involved in the trial.  While not significant, pigs 

treated with anti-inflammatory drugs for 6 days tended to be assessed as more 

recovered compared to pigs administered anti-inflammatory drugs for 2 days or 

pigs not administered an anti-inflammatory drug.  Behavioural data collected 
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indicated that the administration of a NSAID may have some pain relief effect 

during the acute phase of the disease, but this finding was not consistent with the 

visual assessment of animals by piggery personnel.  This could be due to differing 

assessment measures, where behavioural assessment was completed over a period 

of 10 hours by video recording, piggery staff assessed these animals within a 

short period of time and recovery was determined by the severity of lameness 

presented at that moment in time.  It is possible that the use of a mechanical 

nociceptive threshold test 11 or alternatively, if results from the piggery personnel 

were compared to a trained observer using a lameness scoring model 20, more 

correlations between recovery assessment may have been evident.  In addition, 

Munsterhjelm et al. 3 suggest that lameness can be difficult to identify in weaner 

pigs due to their smaller body dimensions and quicker movements.  It is possible 

that in some cases of mild lameness, the assessor might not have identified that 

the pig was still lame or alternatively still believed that the animal was recovered 

enough to be returned to the general herd.  It was noted that a greater number of 

pigs were assessed as more recovered on Days 7 and 14 than on Day 3.  This 

supports other results within this experiment where haptoglobin concentrations 

decreased, BCS increased and behavioural observations were similar between 

treatment groups on days 7 and/or 14 of the experiment.  Therefore, it is 

reasonable to suggest that time after injury is an important factor in the recovery 

of lame pigs.   

There have been many published studies investigating inter-observer reliability 

when assessing compromised animals.  Inter-observer reliability is likely to be 

high when there is a set of clearly defined criteria 44-46.  As we intended to obtain 

the piggery stockperson’s personal opinion, we did not provide clearly defined 
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criteria as what could be classed as recovered.  Therefore, we acknowledge that 

for each individual stockperson, what constitutes ‘recovered’ may differ.  As 

piggery stockpersons are responsible for determining how these pigs are 

managed, longer treatment times for anti-inflammatory drugs may result in fewer 

pigs being euthanised due to lameness. 

In a production setting lameness in pigs can be classed as infectious 47; 48, non-

infectious 49 and genetic conditions 50.  As this study was designed to determine 

the usefulness of administering NSAIDs to lame pigs in a production setting, it 

did not discriminate between types of lameness, as producers generally administer 

pain relief to all pigs suffering from lameness 6.  Causes of lameness in weaner 

pigs can include foot lesions, osteochondritis 51 and bacterial arthritis 52; 48.  More 

conclusive results may have been obtained if this experiment only focussed on 

one type of lameness, but then this information would not have been directly 

indicative to the usefulness of administering NSAIDs on-farm. 

Whilst in this experiment there appeared to be no reduction in inflammation, the 

decreased lying time indicates that the administration of ketoprofen and 

meloxicam may provide some pain relief to weaner pigs suffering from naturally 

occurring lameness during the acute phase of the disease.  With the exception of 

the recovery assessment by piggery staff, extended treatment with NSAIDs did 

not appear to improve recovery rates in weaner pigs suffering from lameness.  

Further research needs to be completed to ensure the most effective NSAIDs are 

being administered to reduce inflammation and pain associated with lameness in 

weaner pigs. 
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Implications 

 NSAID administration may provide some pain relief to weaner pigs 

during the acute phase of the disease.   

 Recovery assessment was the only measure that may indicate prolonged 

use of NSAID may be beneficial to the recovery of lame weaner pigs.   

 Further research needs to be completed in the efficacy of NSAIDs on 

naturally occurring lameness in weaner pigs. 
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Illness and injury, when untreated, are associated with suffering, distress and 

detrimental effects to physical health, which alone or in combination may 

represent a welfare concern.  Management of compromised pigs is limited by 

identification and recovery assessment, which remains highly subjective.  

Assessments are usually based on non-specific clinical and behavioural 

parameters.  Improving identification and recovery assessment will decrease pain 

and suffering associated with illness and injury, and increased recovery rates may 

indirectly increase producer profitability.   

Detailed below are the outcomes for this body of research which has examined 

methods to assess and improve recovery of ill or injured pigs, through behavioural 

and physiological assessment and the administration of anti-inflammatory 

medicaments.  The important implications of the findings of this thesis for the 

welfare of pigs are also discussed. 

1. Main Findings 

 

1.1. Assessing a pig’s response to adverse stimuli 

During times of illness and injury the body’s defence system reacts quickly and 

efficiently to restore the body back to health.  This occurs through a cascade of 

events that lead to physiological and behavioural changes within the body (Pond 

and Bell, 2004).  Some of these changes occur quicker than others.  A challenge 

in today’s pig industry is to be able to identify these early, subtle signs of illness 

and injury, as early treatment of compromised animals will lead to increased 

recovery rates and a reduction in pain and suffering experienced by the animal.  

Current methods to diagnose pain in animals were described by producers in 
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Chapter 2.  Most of these responses were consistent with the Model Code of 

Practice for the Welfare of Animals: Pigs (Department of Primary Industries, 

2008).  It is encouraging that producers were able to provide so many behavioural 

indicators of pain.  However, many of the indicators given tended to be indicators 

of strong pain (e.g. vocalisation), with more subtle indicators, such as reduced 

feed intake, being overlooked.  The best indicators of ill health are those that have 

both high sensitivity and high specificity.  Tests should rarely yield false positives 

(type I error; test shows positive when the animal is healthy) or false negatives 

(type II error; test shows negative when the animal is sick) (Weary et al., 2009).  

To ensure the Australian pig industry is employing the best techniques to identify 

ill and injured pigs, one aim of this thesis was to assess pigs’ responses to adverse 

stimuli using both common and novel physiological and behavioural parameters.  

The parameters assessed included the traditional measures of acute phase 

proteins, white blood cell counts, a reduction in body weight compared to same 

age co-horts, body condition score (BCS), body temperature and behaviour, as 

well as novel techniques; tear staining and infrared thermography. 

1.1.1. Novel measures to assess health 

The novel techniques, infrared eye temperature (IET) and tear staining were 

investigated in this thesis.  The use of eye temperature is considered a good 

indicator of core body temperature due to its proximity to the brain 

(Weschenfelder et al., 2013).  IET has shown to increase in times of induced 

illness and inflammation in a variety of species (Schaefer et al., 2004; Stewart et 

al., 2009; Rakhshandeh and de Lange, 2012), but it has not been tested for its 

usefulness on farm.  While its use has been limited to date, published results have 
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shown it to be a promising and practical indicator, with it being the earliest, most 

consistent, least variable and sensitive temperature measurement in calves 

induced with Type 2 bovine-viral-diarrhoea (Schaefer et al., 2004) or bovine 

respiratory disease (Schaefer et al., 2007).  Chapter 3 of this thesis showed that 

IET was capable of detecting small differences in core body temperature, and a 

weak, positive correlation between IET and rectal temperature was found.  Rectal 

temperature is the current gold standard for estimating core body temperature.  

Whilst IET was only weakly correlated to rectal temperature, it has been shown to 

increase in times of illness before rectal temperature in pigs (Siewert et al., 2014).  

Therefore, IET may be a useful remote sensing technique to estimate core body 

temperature in pigs.  In addition, IET has shown to be reflective of body 

temperature in mule deer inoculated with the foot-and-mouth disease virus 

(Dunbar et al., 2009).  Johnson et al. (2011) reported that there was a strong 

association between IET and rectal temperatures in febrile ponies.  The results of 

Chapter 4 established that IET increased in times of inflammation, with pigs 

administered a subcutaneous injection of turpentine presenting with higher eye 

temperatures than all other treatment groups.  The increase in eye temperature 

supports the findings of Rakhshandeh and de Lange (2012), who also reported an 

increase in eye temperature following induced inflammation in pigs.  In addition, 

the increased eye temperatures that were evident on Days 2 and 3 of the 

experiment, compared to Day 1, may indicate that the body was still responding 

to inflammation.  This is supported by increased haptoglobin and CRP 

concentrations on day 2 of the experiment.  This day effect was not evident for 

rectal temperature.  Whilst this day effect may display the sensitivity of IET, it’s 

possible that differences could be attributed to a statistical type II error.  However, 
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Siewert et al. (2014) reported that IET had a high ‘specificity’ and ‘sensitivity’, 

with 15 out of 16 test animals correctly identified with temperatures indicative of 

fever.  With further research the use of IET may be a suitable method to identify 

fever in pigs.   

Tear staining presence is a validated welfare assessment method in laboratory 

mice for illness and injury (Harper et al., 2001; Cloutier and Newberry, 2008), 

social (Mason et al., 2004) and environmental stressors (Burn et al., 2006); 

however, it is a relatively new technique for assessing the welfare of pigs 

(DeBoer and Marchant-Forde, 2013).  Deboer et al (2015) found that the tear 

stained area was more prevalent for animals suffering from isolation and non-

enriched housing pens than other pigs, and it has been correlated with social rank 

when pigs are group housed (Marchant-Forde and Marchant-Forde, 2014).  

Furthermore, tear staining has been correlated with measures of hypothalamic-

pituitary-adrenal and sympathomedullary axis activation (DeBoer and Marchant-

Forde, 2013).  In addition, Telkanranta et al. (2015) found a low positive 

correlation between tear staining and pigs suffering from tail and ear bites.  

However, it is unclear if increased tear staining could be classed as a subtle 

measure of illness and inflammation.  In Chapter 5 no differences in tear staining 

were found for weaner pigs suffering lameness that were treated with anti-

inflammatory drugs.  Chapter 5 also discusses the possible shortfalls of tear 

staining assessment in the early identification of illness and injury.  While the 

early findings in relation to tear staining suggest it may be a promising measure 

that could be easily incorporated on farm, for example it has been related to 

increased social stress, it is unclear if it can be classed as an early identifier of 

illness and injury.  More objective research is required before it could be adopted 
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as a useful welfare indicator within a pig production setting.  Further research is 

also needed to determine which stressors stimulate the release of these 

reddish/brown secretions, before the technique could be classed as a tool suitable 

for use to identify compromised pigs in a commercial environment. 

1.1.2. Traditional measures to assess health 

Traditional methods of assessing illness and injury in a production setting include 

rectal temperature, BCS, body weight and behaviour.  Increased core body 

temperature is one of the body’s first lines of defence, usually occurring within a 

few hours of infection (Hart, 1988).  If detected early, it could facilitate quicker 

treatment of compromised pigs.  A reduction in rectal temperature was evident for 

pigs treated with NSAIDs in Chapters 3 and 4.  But, this reduction was not 

evident for pigs suffering from lameness.  The use of rectal temperatures to 

identify illness or assess recovery was difficult in these experiments.  Various 

types of illness and injury were investigated, in both production and controlled 

settings, but few pigs presented with core body temperatures indicative of fever 

(>40°C) (Fraser, 1970).   

Chapter 2 determined that body size, body weight (relative to same-age cohorts) 

and BCS are commonly used by piggery personnel to assess pig health on farm.  

While weight change over time is reported as a reliable method of monitoring pig 

recovery (Opriessnig et al., 2004; Escobar et al., 2007), the results presented in 

this thesis failed to show any weight differences between treatment groups.  This 

may be due to the exclusion of severely ill or injured pigs, as per management 

requests and animal ethics requirements.  This made it difficult to assess the 

usefulness of weight gain and BCS in evaluating recovery of ill or injured pigs.  
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Weight gain and increased BCS may be useful measures to assess recovery from 

chronic illnesses and injury, but the lack of treatment differences found indicate 

that it is not an early indicator of illness and injury.  Decreased feed intake may be 

a more subtle sign of illness and injury, but due to the experimental design 

limitations in the present research (in which treatment groups were co-housed), 

we were unable to measure the feed intake of individual pigs.  Further, from a 

practical perspective it may not be possible to assess feed intake in young weaner 

pigs in a production setting.  Automatic feeders have been developed and used 

successfully in older pigs to measure feed intake (Pomar et al., 2011; 

Munsterhjelm et al., 2015), but the expense and time needed to train weaner pigs 

to use these systems would be impractical for the producers and could result in 

decreased weight gain for weaners pigs. 

Increases in acute phase protein concentrations (Heegaard et al., 2011) and 

leukocyte counts (Lingen, 2001) occur quickly at the onset of illness and injury.  

The acute phase proteins haptoglobin and C-reactive protein (CRP) are commonly 

used to assess the severity of inflammation (Eckersall et al., 1996; Heegaard et al., 

1998; Friton et al., 2006).  In Chapter 4 pigs suffering from induced inflammation 

presented with increased haptoglobin and CRP concentrations.  They also had 

increased leukocyte counts after the administration of an inflammation agent, 

emphasising that these indicators do increase quickly in times of illness and 

injury.  Whilst these measurements have been well documented and validated in 

times of illness and injury, transferring these physiological measures into a 

commercial setting is difficult.  In addition, the current trends of illness and injury 

assessment lean towards methods that are non-invasive and require minimal 

handling of the animals (Mason et al., 2004; DeBoer et al., 2015).  Even if 
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suitable methods were developed to test for acute phase protein concentrations 

and leukocyte counts on farm, it would still involve handling the animal to 

conduct a blood test.  Therefore, whilst acute phase protein concentrations and 

white blood cell counts are useful in measuring health during experimental trials, 

the development of novel techniques to assess physiological changes, such as IET 

and tear staining, are needed to help identify physiological changes associated 

with illness or injury on farm. 

The observation of behaviour to assess health has a number of advantages: it is 

non-invasive; it tends to be non-intrusive; and it is the result of the animal’s own 

decision making processes (Dawkins, 2004).  As behaviour is a result of the 

animal’s own decision making process, it makes it a powerful tool in determining 

if the animal is perceiving some form of adverse stimuli.  All Chapters in the 

thesis have some focus towards behavioural measurement.  Chapter 2 reported pig 

farmers’ recognition of behaviours associated with pain and heat stress in their 

pigs and Chapters 3, 4 and 5 investigated a variety of behavioural measurements 

to indicate illness and injury and subsequent recovery.  In Chapters 3, 4 and 5 a 

main indicator of illness or injury was increased time lying.  In Chapter 3 pigs 

administered ketoprofen spent less time lying than pigs administered meloxicam 

(suggesting recovery).  In Chapter 4 all pigs spent more time lying (with and 

without contact) over the days of the experiment, along with less time standing 

and less time walking on Days 1 and 4 compared to day 0.  In Chapter 5 the 

administration of a NSAID reduced time spent lying for lame weaner pigs.  In 

addition, pigs administered turpentine in Chapter 4 tended to scratch the site of 

inflammation and pigs administered turpentine or Improvac® received a greater 

number of social interactions without reciprocation than control pigs or pigs 
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administered Neovac®.  However, few other differences were noted between 

treatments in Chapter 4, possibly due to allomimentic behaviour.  As it appeared 

that Improvac® only induced a mild inflammation, the social response to other 

pigs within the pen may be a subtle indicator of pain, and easily noticed 

(combined with increased lying time, less standing and walking) in a production 

setting to identify ill or injured pigs.  Whilst, the assessor was not blinded to 

treatment in Chapters 4 and 5, it would be possible to gain a better insight into the 

‘specificity’ and ‘sensitivity’ of behavioural changes to illness by having the same 

observer re-score animals on multiple occasions (intraobserver reliability), or by 

having different observers independently score each animal (interobserver 

reliability). I addition, having simple and objective ways to collect behavioural 

activity on farm, possibly through automated processes, will assist in the accurate 

assessment of recovery in sick pigs.  Regular or systematic observation of animals 

over a relevant period of time may give producers a greater insight into individual 

pig behaviour and allow for early identification of ill or injured animals.  

Currently there is no suitable automated processes to monitor movement and 

lying time in individual pigs on farm.  

Chapter 2 highlighted that the subjective assessment of behaviour is the most 

useful tool to assess compromised pigs.  The experimental Chapters of this thesis 

support this finding, by showing that changes in behaviour are early and subtle 

indicators of compromised pigs.  This may be due to behaviour being indicative 

of how the animal is feeling at that particular time, whereas weight change and 

body temperature are more indicative of the body’s physiological responses 

during recovery.  However, to gain full insight into the severity of illness and 

injury the use of both physiological and behavioural data combined is likely to be 
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more effective than assessing behaviour alone (Driessen and Zarucco, 2007).  

Therefore, combining behavioural observations with measures like bodyweight, 

BCS and core body temperature will give a better indication of the animals’ 

health status than using just one measure alone.  Development of physiological 

methods suitable for on farm use (such as tear staining) needs to be further 

researched before it is likely to be adopted by producers.  The development of 

simple and objective ways to collect behavioural activity and detect physiological 

changes on farm, possibly through automated processes, will assist in the accurate 

assessment of illness and recovery in compromised pigs. 

1.2. Alleviation of effects of adverse stimuli 

Treatment of ill or injured animals with an anti-inflammatory drug is an essential 

part of assisting recovery.  The administration of anti-inflammatory drugs have 

been shown to reduce the effects of illness and injury, and possibly increase 

recovery rates in pigs (Friton et al., 2003; Langhoff et al., 2009).  The second aim 

of this thesis was to examine the efficacy of three anti-inflammatory drugs to 

ensure that we are providing the best possible care to compromised animals.  Ison 

and Rutherford (2014) showed that the three most common analgesic/anti-

inflammatory drugs administered in the UK were meloxicam, dexamethasone and 

ketoprofen.  In Canada ketoprofen and flunixin are the most commonly 

administered anti-inflammatory drugs for lameness in sows (Hewson et al., 2007).  

The survey reported in Chapter 2 indicated that Australian producers would try to 

relieve any pain and suffering experienced by the sick pig by using anti-

inflammatory drugs.  Meloxicam, dexamethasone and compounds containing 

flunixin meglumine were the most common analgesic/anti-inflammatory drugs 
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administered to pigs.  While ketoprofen is commonly used overseas, it is not 

registered for use in pigs in Australia; however, as it is licensed in other food 

producing animals and is a fast acting, quickly excreted drug (Fosse et al., 2011) 

it may be used in an off-label capacity under veterinary direction.  In addition, 

when Fosse et al. (2010) evaluated the analgesic effect of meloxicam (0.6 mg/kg) 

in 2 week old piglets subjected to a kaolin inflammation model, based on 

nociceptive threshold testing they found that meloxicam had no analgesic effect.  

When ketoprofen (6 mg/kg) was used as the analgesic agent, treated piglets had 

greater pain tolerance for 12-24 h after treatment; however, little anti-

inflammatory action was seen (Fosse et al., 2011).  The latter authors suggested 

that meloxicam may not be as effective as ketoprofen for pain management in 

young pigs (Fosse, 2010).  To ensure that the Australian pig industry is using the 

most effective non-steroidal anti-inflammatory drugs (NSAIDs) for weaner pigs, 

this thesis compared meloxicam and ketoprofen over a range of experiments, 

conducted in both controlled and commercial settings.  

Chapter 3 reported that ketoprofen treated pigs spent less time lying than pigs 

administered meloxicam, but it appeared that both anti-inflammatory drugs were 

equally effective in reducing core body temperature.  Chapter 4 reported that 

ketoprofen pigs had lower haptoglobin concentrations, and that both ketoprofen 

and meloxicam equally reduced core body temperature.  Chapter 5 showed that 

the administration of either NSAID may assist in pain management in the acute 

phase of lameness, which was evident by a reduction in time spent lying when 

compared to a control group.  The reduction in lying time evident in Chapter 3, 

and reduction in haptoglobin concentrations in Chapter 4, may suggest that 

ketoprofen has a greater analgesic effect than meloxicam.  However, in Chapter 5 
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haptoglobin concentrations showed few differences between treatment groups.  

This may be due to different methodologies.  For example, in Chapter 4 pigs were 

administered a subcutaneous injection to induce inflammation, while in Chapter 5 

pigs were discovered to be lame during routine health checks.  As haptoglobin is a 

fast acting inflammation marker (Lampreave et al., 1994; Eckersall et al., 1996) it 

is possible that the administration of ketoprofen before or immediately after 

inflammation induction will prevent the formation of haptoglobin, resulting in 

reduced inflammation.  For example, ketoprofen administration decreased 

haptoglobin concentrations in calves undergoing castration, when administered 20 

min before the procedure (Ting et al., 2003).  However, in a production setting in 

which animals are identified as lame, inflammation has occurred before 

identification, resulting in ketoprofen not being able to prevent the formation 

haptoglobin.  In this case the analgesic component of ketoprofen may reduce pain 

but does not reduce haptoglobin concentrations in the latter stages of 

inflammation. 

Whilst, the anti-inflammatory mechanism of NSAIDs is primarily the inhibition 

of COX (Endo et al., 1998), the different efficacies of meloxicam and ketoprofen 

may be attributed to secondary modes of action.  For example, ketoprofen is a 

non-selective cox inhibitor (Junot et al., 2008) that comprises two enantiomers S-

ketoprofen and R-ketoprofen.  S-ketoprofen has been shown to be a more potent 

inhibitor of COX (100-1000 times more) than R-ketoprofen, therefore having a 

greater effect in inflammation reduction (Suesa et al., 1993), but the R-enantiomer 

of ketoprofen accounts for most of the analgesic activity (Ghezzi et al., 1998).  

Whilst the full mechanism of the analgesic effect is unknown, R-ketoprofen has 

been shown to inhibit IL-6 production (Mascagni et al., 2000) and IL-8 
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chemotaxis (Bizzarri et al., 2001), and when R- and S-ketoprofen were tested for 

their effectiveness on tactile allodynia in the spinal cords of mice, R-ketoprofen 

showed antiallodynic effects, whereas S-ketoprofen did not.  It was proposed that 

R-ketoprofen may have an effect on large diameter (i.e. Aβ fibres) neurons 

(Ossipov et al., 2000).  In addition, similar findings have been noted for 

meloxicam where it showed pain reduction traits through inhibition of spinal 

nociceptive reflexes, in both control rats and rats suffering from induced 

inflammation, when applied directly to the spinal cord and tested via electrical 

stimulation.  Indomethacin, a non-selective COX inhibitor, was also tested and no 

pain reduction traits were evident for this NSAID, thus it was concluded that the 

pain reduction traits of meloxicam were not due to inhibition of the COX enzyme, 

but that it may involve other transmitter systems (Lopez-Garcia and A Laird, 

1998).  Also, Aguirre-Banuleos and Granados-Soto (2000) demonstrated the 

inhibition of the nitric oxide-cyclic GMP pathway in rats treated with meloxicam.  

The nitric oxide-cyclic GMP pathway is related to bradykinin and substance P 

concentrations (Kawabata et al., 1994), further supporting the notion that 

meloxicam provides pain relief by more than one mode of action.  

The results for time spent lying and haptoglobin concentrations in Chapters 3 and 

4 of this thesis may suggest that ketoprofen could have a greater analgesic effect 

than meloxicam.  However, as few other behavioural and physiological 

differences were noted in Chapters 3, 4 and 5, we were unable to conclusively 

determine if ketoprofen was more effective than meloxicam, but we can state that 

the administration of ketoprofen or meloxicam is more beneficial than not 

administering a NSAID in assisting the recovery of compromised pigs.  
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2. Further Considerations 

 

2.1. Difficulties of comparing anti-inflammatory drugs  

Anti-inflammatory drugs are used to treat a wide variety of conditions.  For 

example, Chapter 2 reported conditions for which producers would administer 

anti-inflammatory drugs.  This included foot and joint problems, mastitis, injuries 

and inflammation, meningitis, farrowing problems, prolapse, hard udders/oedema, 

pain and fever, surgery, Glasser’s disease, arthritis, middle ear infection, off feed 

and streptococcal infection.  In addition to the range of diseases which are 

treatable, each individual animal copes differently to adverse stimuli, resulting in 

significantly different physiological and behavioural responses (Broom, 1991).  

Alternative coping mechanisms and severity of illness and injuries makes it 

difficult to compare the recovery of one animal over another, and therefore, 

makes it difficult to assess the effectiveness of anti-inflammatory medications in 

one animal over another.  The experimental work of this thesis assessed a wide 

range of physiological and behavioural parameters to try to minimise the effect of 

individual coping strategies when determining the efficacy of meloxicam, 

ketoprofen and dexamethasone.  However, the different mechanisms of action for 

each drug also needs to be considered.  We looked primarily at NSAIDs, but also 

included a steroidal anti-inflammatory drug in Chapter 4.  NSAIDs and steroidal 

anti-inflammatory drugs have significantly different mechanisms of actions.  

NSAIDs primarily using the COX pathway (Endo et al., 1998) and steroidal drugs 

inhibiting phosopholipase A2 pathway which is necessary of the release of 

arachidonic acid (Vane and Botting, 1987).  In addition, it is also common to have 

different mechanism of action between individual NSAIDs, which in turn cause 
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the body to show different physiological responses (Lopez-Garcia and A Laird, 

1998; Ossipov et al., 2000).  The combined effects of disease, severity of disease 

and the mechanism of action makes it difficult to assess the efficacy of one anti-

inflammatory drug over another in a commercial setting.  A large proportion of 

anti-inflammatory comparisons are conducted in a controlled trial setting 

(Swinkels et al., 1994; Fosse, 2010), or in cases of severe pain, for example 

surgery (Langhoff et al., 2009; Keita et al., 2010), in order to minimise variance 

due to poor experimental design, but it is unclear if these results are repeatable in 

naturally occurring illness and injury in a commercial setting.  As the aim of this 

thesis was to develop management strategies to assist in the identification and 

recovery of compromised pigs, there was a need to assess the efficacy of anti-

inflammatory medications in a production setting. 

 

2.2. Advantages and disadvantages of running on farm trials 

We conducted two on-farm experiments and two research station experiments.  

There were advantages and disadvantages to both of these styles of research.  One 

of the main challenges of on-farm experiments was that in regards to health and 

welfare we were obliged to comply with farm policy.  This can limit the scope of 

the experiment.  For example, in Chapter 3 we were unable to test the anti-

inflammatories, meloxicam and ketoprofen, against a non-medicated control, as 

the manager of this piggery expressed that they were not willing to allow any pig 

that needed anti-inflammatory treatment to go without.  Whilst we were still able 

to gain valuable information regarding recovery measures and relative anti-

inflammatory efficacy, it did lead to difficulties when it came to publishing this 
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journal article.  Other disadvantages of on-farm trials may include the necessity to 

co-house pigs with others that are not involved in the trial and that pigs may be 

suffering from more than one ailment.  There are no published reports on whether 

the co-housing of pigs with non-experimental pigs affects experimental results.  

To collect data pigs involved in an experiment are handled differently to pigs not 

involved in the experiment, which may affect behaviour and stress responses 

between these two groups (Hemsworth et al., 1981).  For example, increased 

stress has been linked to increased lying time and alterations in social behaviour 

(Dybkjær, 1992; Rutherford et al., 2006).  In addition, when pigs are suffering 

from a naturally occurring disease the immune system’s capability is lowered, 

which may result in an undiagnosed secondary infection (Mallia et al., 2012).  In 

Chapter 3, pigs were categorised into illness and injury categories and in Chapter 

5 lame pigs were assessed.  If any of these animals were suffering from an 

undiagnosed secondary infection it may have impacted experimental results and 

could have resulted in the animal being more unwell and, or displaying a longer 

recovery time compared to other pigs involved in the experiment.   

Although there are disadvantages of on-farm trials, one important advantage is 

that experimental data collected on farm provides ‘real’ results that may be 

immediately applicable to the pig industry (Dawkins, 2006).  The regimented 

procedures in research station trials may give more conclusive results regarding 

the success of an experiment, but in some cases the results may be less 

transferable into a production system. 
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2.3. Alternative measures to alleviate chronic pain conditions 

The administration of anti-inflammatory drugs has consistently shown to reduce 

pain levels in pigs.  However, Chapter 2 highlighted that there are times where 

producers are unwilling to administer anti-inflammatory drugs, or alternatively, in 

times in chronic conditions, repeated use of anti-inflammatory drugs is ineffective 

or impractical.  A proportion of producers surveyed in Chapter 2 indicated they 

would never administer anti-inflammatory drugs to an animal selected for culling.  

Chapter 5 highlighted that while anti-inflammatory treatment may provide some 

form of pain relief in the early stages of lameness, lameness can become a chronic 

condition and in some cases the piggery staff did not consider the lame animal 

recovered enough to return to the general herd seven or even 14 days after 

treatment.  This indicates that there is a need to investigate alternative measures to 

alleviate pain. 

A large proportion of the Australian commercial pig industry houses pigs on hard 

(concrete and slatted) flooring, which has been directly linked to increased 

lameness (Sjölund et al., 2014).  The implementation of softer bedding may be 

one form of alternative treatment to reduce pain levels and increase comfort of 

lame pigs.  The addition of straw to farrowing pens has resulted in a reduced 

prevalence of sole bruising in piglets (Mouttotou et al., 1999).  However, Beattie 

et al. (1998) reported that pigs given the choice between various floor substrates 

spent most of their time on peat, mushroom compost and sawdust and that the 

addition of straw was only slightly more favourable than bare concrete.  We 

acknowledge that in concrete and slatted flooring systems the addition of loose 

matter such as straw, peat etc. may not be a practical solution.  A more practical 

solution may be the use of rubber matting.  It was reported that group housed 
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sows spent a greater proportion of time lying on areas covered in soft mats 

compared to concrete (Tuyttens, 2005) and that soft mats reduced the pressure 

load on recumbent sows (Schubbert et al., 2014).  Reduced pressure load may 

assist weight bearing in lame pigs, but no published data is available to support 

this notion.   

Alternative supportive treatment for pigs suffering chronic pain conditions, such 

as lameness, should be provided to animals in the absence of other treatment 

opportunities.  Whilst there is a large amount of research conducted into flooring 

types and the prevention of associated lameness and skin lesions, to our 

knowledge there are no published studies that investigate the effectiveness of 

alternative floor types, or housing conditions such as ecosheds, to assist in the 

recovery of lame pigs. 

 

2.4. Recovery assessment differentiates between people  

Recovery assessment of compromised pigs is essential as this allows for optimum 

use of hospital pens, correct treatment of ill and injured pigs and increased 

recovery rates may indirectly increase producer profitability.  However, the 

perception of the health of pigs varies between individuals and environments.  For 

example, if one person observes a pig lying and resting on a concrete floor, it is 

possible that they will class the animal as ‘bored’, but, if the animal is in the same 

position in a field they may be likely to describe the animal as content 

(Wemelsfelder et al., 2009).  Chapter 2 determined that producers tend to return 

an animals to the general herd ‘when it looks to have recovered’.  Recovery 

assessment is currently subjective, as no prerequisites have been established to 
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inform what constitutes a pig that has recovered from illness or injury.  Chapter 5 

highlighted this, where piggery personnel had different viewpoints on if 

individual lame weaner pigs had recovered enough to be moved back into the 

general herd.  Differing views between individuals have also been established for 

euthanasia of compromised pigs, where stock people understood that euthanasia 

was an essential part of animal management (Matthis, 2005), but were unsure of 

their ability to determine when euthanasia was required (Matthis, 2005; Millman, 

2012).  Chapter 2 identified a wide variety of indicators of pain used by 

producers, but is the recovery of an animal just the absence of these signs of pain, 

or are there other factors that need to be considered?  For example, Chapter 2 

demonstrated that producers believed the drug withholding period was a factor to 

consider before returning the pig to the general herd.  The assessment of 

compromised animals has a clearly defined set of criteria set out in the Model 

Code of Practice for the Welfare of Animals: Pigs (Department of Primary 

Industries, 2008).  It would benefit the industry to have clear guidelines for 

returning pigs into the general herd. These guidelines need to be based on a wide 

variety of behavioural and physiological responses which assess the welfare of the 

animal and its likelihood of recovery. 

 

2.5. Consistent on-farm adoption to improve welfare outcomes on-farm 

A major aim of research is the transference of results into industry.  Grandin 

(2003) stated that research within animal production is more likely to have 

successful transference if it is a pharmaceutical or technological advancement 

compared to behavioural research.  But, before we start considering how to ensure 
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transference of research to the pig industry, we need to establish problematic 

areas.  This thesis initially commenced by collating such knowledge with the 

survey in Chapter 2.  Whilst this survey was limited to a small number of willing 

producers, it provided an interesting insight into welfare measures on farm.  It 

highlighted that producers have a good appreciation or understanding of what 

welfare means for the pig, and in general producers followed the guidelines set 

out in the Model Code of Practice for the Welfare of Animals: Pigs (Department 

of Primary Industries, 2008) and areas where changes could be implemented were 

outlined.  To ensure that improved welfare methods are performed on-farm, 

communication with producers and stock people is essential.  Hemsworth et al. 

(1994) highlighted the importance of education programs, where improving 

stockperson attitudes to pigs resulted in increased positive behaviour whilst 

handling pigs, and better welfare in the pigs.  As education programs directly 

include the persons responsible for the day to day care of pigs, the incorporation 

of research outcomes into current or developing education programs may be one 

way to increase the uptake of welfare research outcomes into a production setting.  

Dawkins (2006) suggested that carrying out research on commercial farms in 

cooperation with farmers and other end users will increase the applicability of the 

findings.  In addition, other methods of communication to ensure producers and 

stock people gain new information regarding the identification and recovery of 

compromised pigs could include writing articles for livestock magazines or 

newspapers, focus groups with producers, production expos and ensuring that 

research is published in peer reviewed journals. 

Chapter 2 demonstrated that most producers are willing to treat ill or injured pigs 

with anti-inflammatory drugs, if they think it is warranted.  The results in 
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Chapters 3, 4 and 5 suggest that ketoprofen is just as effective as meloxicam in 

young weaner pigs.  Whilst an economic assessment was not within the scope of 

this thesis, currently the price of ketoprofen is lower than meloxicam, making it a 

more cost effective anti-inflammatory drug.  It is possible that this would assist 

the pig industry by allowing pig producers to either administer more anti-

inflammatory medications, or alternatively reducing the cost of treatment for ill or 

injured animals.  In addition, medications used on farm need to be prescribed by a 

veterinarian.  Therefore, research outcomes need to be circulated not only 

amongst producers, but also amongst veterinarians. 

 

3. Future research 

This thesis has identified areas in the assessment and alleviation of adverse 

stimuli in pigs which need further investigation.  Stage 1 of this thesis aimed to 

assess pigs’ responses to adverse stimuli using both common and novel, 

physiological and behavioural parameters.  It showed the potential benefits of 

novel techniques in assessing health.  But, as the use of infrared eye temperatures 

and tear staining are relatively new, few published studies have investigated their 

use on farm (Rakhshandeh and de Lange, 2012; Siewert et al., 2014; Telkänranta 

et al., 2015).  In order to assess the effectiveness of infrared eye temperature 

research needs to be conducted to determine the normal eye temperature range 

and its fluctuations.  In addition, it is currently not in a suitable format for 

commercial properties.  The development of a cost-effective, hand-held device 

suitable for determining eye temperatures needs to be developed.  This would 

reduce or eliminate handling time.  Alternatively, constant infrared scanning 

could be a practical solution allowing for the correlation of skin temperature to 
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health.  Resulting in a viable non-invasive health measure.  Tear staining could 

also be a quick, easy and non-invasive method of identifying the wellbeing of an 

animal.  A five point scale has already been developed (DeBoer et al., 2015) and 

used to determine a low positive correlation with tail and ear bites (Telkänranta et 

al., 2015).  Further research is needed to determine all causes of increased tear 

staining and if it will be an effective measure of welfare in a production setting.  It 

was clear that behaviour is one of the most used tools to identify illness and 

injury, however, behaviours associated with it by producers were strong 

indicators of pain.  Further research is needed to identify subtle indicators of pain, 

such as reduced feed intake, increased temperature or reduced social interaction, 

to allow quicker identification of ill or injured pigs. 

The development of automated processes may make identifying ill or injured 

pigs’ quicker and less labour intensive.  For example, Ringgenberg et al. (2010) 

determined that accelerometers were accurately able to identify time spent 

standing, lying ventrally, lying laterally and the number of hind steps taken in 

sows.  This is supported by Robert et al. (2009) who showed that the use of 

accelerometers were accurately able to identify time spent lying or standing in 

cattle.  Although, these studies presented high accuracy in determining pig 

behaviour, accelerometers need to be strapped onto a pig.  This may not be 

practical with young weaner pigs.   Another automated method of obtaining 

behavioural data is the use of Kinect depth sensors.  A Kinect depth sensor is a 

non-invasive, inexpensive and automatic monitoring system that has been used to 

accurately identify aggressive behaviour in pig pens (Lee et al., 2016).  The use of 

automated processes to identify vocalisations in pigs is also a non-invasive 

method to detect illness in pigs.  The most frequent use of automated vocalisation 
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detection is to identify coughing associated with respiratory disease (Aerts et al., 

2005; Ferrari et al., 2008; Chung et al., 2013).  However, it has also been used to 

determine stress levels in piglets (Moura et al., 2008).  Further research automated 

processes, such as, kinetic depth sensors and vocalisations could be a practical 

solution in the identification of early behavioural changes associated with illness 

and injury. 

Stage 2 of this thesis aimed to examine the efficacy of various anti-inflammatory 

drugs to ensure that the Australian Pig Industry is providing the best possible care 

to compromised animals.  Chapter 3 developed an inflammation model to test 

anti-inflammatory drugs.  However, this model did not provide a strong enough 

inflammation response to conclusively test the efficacy of anti-inflammatory 

medications.  Currently the only published model to induce inflammation is the 

subcutaneous injection of turpentine (Lampreave et al., 1994), but negative side 

effects have been reported (Rakhshandeh and de Lange, 2012).  Further research 

needs to be conducted to identify a welfare friendly inflammation model suitable 

to test the efficacy of anti-inflammatory drugs.  This thesis was unable to 

conclusively determine if one NSAID is more effective than another.  Further 

research needs to be conducted to ensure that we are giving the best possible 

treatment options for ill or injured animals.  Also, section 2.3 indicates that there 

would be benefit to researching alternative measures to assist recovery, such as, 

the provision of alternative bedding. 

Section 2.5 outlines strategies to enhance on farm adoption of research outcomes.  

The survey in Chapter 2 gave insight into the current perceptions of welfare by 

pig producers.  However, since the survey was limited to a small number of 

‘willing’ but non-random producers, some caution is required.  Further, there 
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were unequal numbers of production systems represented, and statistical analysis 

was not applied to the data set.  A larger study needs to be developed and 

conducted to gain insight over the broader Australian pig industry.  This would 

allow greater insight into producer understanding of welfare measures, and 

potentially identify which could be altered, improved and adopted by producers 

on farm. 

In addition, we acknowledge that all of the experimental work in this thesis was 

held in intensive commercial properties and in a controlled experimental setting.  

Therefore, these results are only applicable to this type of production setting.  

Research needs to be completed in other production types, for example outdoor 

production and within eco sheds as these production methods will have their own 

challenges regarding the assessment and recovery of ill or injured animals.  

4. Implications for the welfare of pigs 

The results of this thesis present evidence that producers have a high regard for 

pig welfare, and actively inspect their herds for compromised pigs which they 

then treat.  The development of new and novel assessment measures for illness, 

injury and recovery, and the assessment of anti-inflammatory efficacy, have 

important implications in the welfare of pigs.  Currently most behavioural and 

physiological measures used to identify compromised pigs are strong indicators of 

illness and pain.  The ability to identify compromised animals earlier will allow 

producers to administer antibiotic and anti-inflammatory drugs in the early stages 

of illness or injury, which may increase recovery chances and decrease recovery 

time, and the assessment of anti-inflammatory efficacy will ensure that the pig 

industry is administering the most effective medications resulting in increased 

welfare for compromised animals.   



220 
 

The findings of this thesis indicate that behaviour is one of the most used tools to 

identify illness and injury in a production setting (Chapter 2). The identification 

of subtle behaviours, such as increased lying and reduced social interaction may 

allow for early identification of compromised pigs.  In addition, the use of the 

novel techniques, infrared eye temperature and tear staining as a non-invasive, 

low-handling welfare assessment tools show promising results, though both 

measures need further research and development before they can be classed as a 

validated welfare measure. 

It had been suggested that ketoprofen may be more effective in young pigs than 

meloxicam (Fosse, 2010).  The results in this thesis provide evidence to indicate 

that ketoprofen is as effective as meloxicam, but it could not be conclusively 

determined if ketoprofen was more effective than meloxicam, even though pigs 

administered ketoprofen spent less time lying (Chapter 3) and had lower 

haptoglobin concentrations (Chapter 4) than pigs administered meloxicam.  

However, the administration of either meloxicam or ketoprofen was beneficial 

compared to pigs not administered a NSAID.  The administration of a NSAID 

combined with early identification of compromised pigs will result in “best 

practice” management for the welfare of compromised pigs by Australian pig 

producers. 

 

5. Conclusion 

Management of ill or injured pigs is limited by diagnostic techniques, which 

largely consist of highly subjective behavioural and clinical parameters.  The 

inclusion of subtle illness and injury behavioural measures will allow for early 
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identification of compromised pigs and the addition of a NSAID is beneficial to 

recovery compared to pigs not administered a NSAID.  Validation of non-

invasive, low handling welfare assessment tools, such as infrared eye 

temperatures and tear staining, is needed before they can be considered useful in a 

production setting and further research is needed into the efficacy of NSAID to 

ensure that the Australian pig industry is providing the best possible care for 

compromised pigs.   
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Would you like a copy of the final report regarding this questionnaire? 

 

If yes:  Contact Name: 

 Postal Address 

 

1 – Farm type: farrow-to-finish / breeder only / grow-out only / other 

(list)_________________ 

 

2 - How many sows do you have? ________________________ 

 

3 – For (non-breeder) grow-outs only – How many growers do you have? 

________________  

 

4. How often do you and/or your staff inspect pigs for illness or injury BEFORE 9AM in 

the morning? 

o Always 
o Usually 
o Sometimes 
o Never 

 

5. When checking for illness/injury in the morning do you do it: 

o Before feeding 
o During feeding 
o After feeding 

 

6  – Do you keep treatment records for the following stock classes?  (Pick one response 

for each class) 

 Yes No N/A 

Weaners    

Growers and Finishers    

Unmated gilts and weaned 
sows 

   

Mated sows    

Lactating sows    

Piglets    

Hospital pens    

Cull pens    
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7 – Do you keep a record of pigs found dead in the following classes of stock? (Pick one 

response for each class) 

 Yes No N/A 

Piglets    

Weaners    

Growers and Finishers    

Unmated gilts and weaned 
sows 

   

Mated sows    

Lactating sows    

Hospital pens    

Cull pens    

 

8 – Do you specifically record the number of pigs you destroy in the following classes of 

stock? (Pick one response for each class) 

 Yes No N/A 

Piglets    

Weaners    

Growers and Finishers    

Unmated gilts and weaned 

sows 

   

Mated sows    

Lactating sows    

Hospital pens    

Cull pens    

 

 

9 - What is the most important criterion you use when you decide to destroy/euthanase 

a pig? 

______________________ 

 

10 – Are hospital pens available for the following classes of stock? (Pick one response 

for each class) 

 Yes No N/A 

Weaners    

Growers     

Finishers    

Mated sows    
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11 – Are individual pigs in hospital pens identified (eg. by eartag) so you can monitor 

their progress? (Pick one response for each class) 

 Yes No N/A No Hospital 

Pen 

Weaners     

Growers / Finishers     

Group-housed 

sows 

    

 

 

12 – Do you record the date when a pig enters the hospital pen? (Pick one response for 

each class) 

 Yes No N/A No Hospital 

Pen 

Weaners     

Growers /Finishers     

Group-housed sows     

 

 

13 – Do you record the date when a pig leaves the hospital pen? (Pick one response for 

each class) 

 Yes No N/A No Hospital 

Pen 

Weaners     

Growers / Finishers     

Group-housed 

sows 

    

 

 

14 – Rank the following in order of most important to least important when deciding to 

return a pig to the general herd 

o Improvement in condition score   
o When the pig looks to have recovered   
o Medication course is finished     
o At the end of drug withholding period   

      

 

15 - When would you NOT put a sick pig in a hospital pen? 

________________________________________________________________________

__ 
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The next four questions relate to the following picture: 

 A parity 2 sow who is mildly lame due to a swollen, infected foot. It does not appear to 

be healing despite treatment with antibiotics and antiinflammatories for 3 days. The 

next cull truck is due in 7 days. 

 

 

 

16 - Do you think this would be painful? 

o Yes 

o No 

 

17 –  What methods would your farm employ to treat her in the 7 days between now 

and when the next cull truck arrives? (Select all that apply) 

o Do nothing 
o Treat it with antibiotics 
o Treat it with pain medication eg. anti-inflammatories (Metacam, 

Flunixin, Tolfedine) 
o Put it in a hospital pen 
o Destroy her 
o Put it in a cull pen to send to the abattoir 
o Put it in a cull pen to send to the saleyard 
o Other (please 

state)____________________________________________ 
 

18 –  Why would you use this/these treatment approaches? 

________________________________________________________________________

________________________________________________________________________ 
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19 - Why wouldn’t you treat with anti-inflammatories? (if above box is not selected) 

________________________________________________________________________

__________ 

 

 

The next four questions relate to the following picture: 

A 16-week grower pig with a swollen left front leg due to an old penetrating injury that 

you find on your farm in with a pen of 12 others. It is unable to put weight on the leg. 

  

 

 

 20 - Do you think this would be painful? 

o Yes 

o No 

 

21 – What methods would your farm employ to treat him? (Select all that apply) 

o Do nothing 
o Treat it with antibiotics 
o Treat it with pain medication eg. anti-inflammatories 
o Destroy it 
o Put it in a hospital pen 
o Cull it (send to an abattoir) 
o Cull it (send to a saleyard) 
o Other (please 

state)____________________________________________ 
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22 – Why would you use this/these treatment approaches? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

____________________________________________________________ 

 

23 - Why wouldn’t you treat with anti-inflammatories? (if above box is not selected) 

________________________________________________________________________

_________ 

 

 

The next three questions relate to the following picture: 

You are doing a routine check for illness and injury and you find the following weaner. It 

is bordering condition score 1 and lethargic. 

  

 

 

 

 24 - Do you think it is in pain? 

o Yes 

o No 
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25– What methods would your farm employ to treat her? (Select all that apply) 

o Do nothing 
o Treat it with antibiotics 
o Treat it with pain medication eg. anti-inflammatories 
o Destroy it 
o Put it in a hospital pen 
o Cull it (send to an abattoir) 
o Cull it (send to a saleyard) 
o Other (please 

state)____________________________________________ 
 

26 – Why would you use this/these treatment approaches? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

____________________________________________________________ 

 

 

 28 - Rate the amount of pain that you think animals feel during the following 

procedures 

 

Procedure No Pain Slightly Painful Very Painful 

Teeth clipping    

Tail docking    

Ear notching    

Castration at 2 days    

Castration at 10 days    

Use of electric 

prodder 

   

Nose ringing    

Blunt trauma 

euthanasia 
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29 – Which of the following procedures would you administer pain relief for? 

 

Procedure Yes No 

Teeth clipping   

Tail docking   

Ear notching   

Castration at 2 days   

Castration at 10 days   

Use of electric prodder   

Nose ringing   

Blunt trauma euthanasia   

 

 

30 – How can you tell if a pig is in pain? 

______________________________________________________________________ 

 

31. Rank the following in order of most importance to least importance when deciding 

to euthanize a pig. 

o Untreatable 
o Evidence of extreme pain 
o Not economically viable 

 

32 – Do you have an approved medications list from a veterinarian? 

o Yes 

o No 

 

33– How many times in the last year has a vet visited your farm and inspected your 

pigs? (Select one) 

o 0 

o 1 

o 2 

o 3 

o 4 

o >4 

 

34 – What anti-inflammatories do you have on farm? (Select all that apply) 
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35 –  What conditions do you commonly use anti-inflammatories on? (Select all that 

apply)  

o meningitis 

o lameness 

o mastitis 

o acute infections (eg pleuropneumonia, erysipelas) 

o other (list) _________________________________ 

o I don’t use them 

 

36 – How can you tell if a pig is too hot? 

____________________________________________________________________ 

 

37 – Which of the following cooling systems do you have for the different stock classes? 

(Select all that apply) 

 Sprayers Fans Drip 

Coolers 

Wallows Evaporative 

coolers 

None Open blinds Other 

Weaners         

Growers & Finishers         

Unmated gilts & weaned sows         

Mated sows         

Lactating sows         

Hospital pens         

Cull pens         

 

 

38– For the cooling systems, are they automatic or manual? (Pick one response for each 

class) 

 Automatic Manual N/A 

Weaners    

Growers & Finishers    

Unmated gilts & weaned 

sows 

   

Mated sows    

Lactating sows    

Hospital pens    

Cull pens    
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39 – At what temperature is the cooling system activated either automatically or 

manually? (Pick one response for each class) 

 20-24oC 25-29oC 30-34oC >35oC N/A 

Weaners      

Growers & Finishers      

Unmated gilts & weaned sows      

Mated sows      

Lactating sows      

Hospital pens      

Cull pens      
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Appendix 3 

 

Identification and management of heat 

stress 

 

 

 

 

 

 

 

 

 

 

Wilson, R., R. Doyle, G. Cronin, and P. Holyoake. 2012. Pork Newspaper. Vol 

17. No.2. p 10. 
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Identification and management of heat stress in pigs 

Heat stress can reduce the growth, reproductive performance, health and welfare 

of animals. High ambient temperatures that occur during the summer months 

contribute mainly to heat stress.  However, animals also generate body heat 

through normal metabolic processes, including maintenance, growth and 

lactation.  Animals cool themselves through radiation, convection, evaporation 

and conduction, so that core body temperature is held stable. Under conditions of 

high ambient temperature and humidity, heat loss may become difficult.  This is 

particularly true in pigs as their poorly-developed sweat glands do not allow for 

evaporative cooling from the skin. Instead pigs rely on other methods of heat loss.  

Radiation is a form of heat loss through infrared rays.  It involves the transfer of 

heat from one object to another without physical contact.  Thus, hot, poorly 

insulated roofs and walls accentuate heat stress in pigs as there is no buffer from 

the heat.  Convection heat loss occurs by the movement of air molecules, for 

example, the use of fans to assist air movement can cool animals.  Evaporation 

involves the transformation of liquid water to gas.  In pigs this occurs through 

panting and/or the evaporation of water from the skin surface (e.g. after spray or 

drip cooling).  However, evaporative cooling is only truly effective when 

humidity is low. That is why sprayers that deliver fine mists of water are less 

effective than drippers or large-droplet sprayers.  Finally, conduction is the 

process of losing heat through physical contact with another object, i.e. the pig 

can alter its posture to provide greater contact with the floor surface.  Providing 

pigs with more space in summer than winter allows them to spread out in the pen 

to increase heat loss by conduction.  An understanding of these four types of heat 
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loss is essential in developing management strategies for preventing and treating 

heat stress.   

The temperature at which pigs feel heat stress varies with size and physiological 

stage.  Temperature guidelines for different classes of pig are presented in Table 

1.  

As a part of my PhD we recently surveyed pig farmers to assess how they identify 

heat-stressed animals and the management practices used to prevent heat stress.  

Most producers relied on changes in pigs’ behaviour to signal heat stress.  These 

changes included increased respiration rate (normal respiration rate is between 

17-48 breaths per minute), sourcing a cooler or wet spot to lie in, poor skin 

colouring, reduced feed intake, increased wallowing or distance between pigs, 

slowness and lethargy, increased vocalisations and drooling.  This is well 

supported by literature and suggests that producers know how to identify pigs 

showing early signs of heat stress. 

 

Table 1: Ranges of temperature that provide optimum comfort for different 

classes of pigs at pig level.   

Piglets – newborn 27-35°C 

Piglets – three weeks of age 24-30°C 

Farrowing house 16-22°C 

Weaners 20-30°C 

Growers 15-30°C 

Finishers 15-30°C 

Sows and Boars 15-30°C 
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Producers surveyed frequently mentioned wetting pigs’ skin and evaporative 

cooling to reduce heat stress.  Producers most commonly cooled weaners by 

opening blinds and/or operating sprayers.  Care must be taken not to activate 

water-based systems below 30°C, otherwise weaners may be chilled.  

Producers surveyed most frequently used overhead sprayers to cool 

growers/finishers, unmated gilts and weaned sows.  This is the recommended 

cooling system for these classes of pig, and cooling should commence at a 

temperature of about 24-28°C.  All of the producers surveyed that had these stock 

classes began cooling between 20-29°C.  This indicates that producers manage 

heat stress correctly for these stock classes. 

The most common cooling system for lactating sows was drip coolers followed 

by evaporative cooling.  In this study 75% of producers surveyed started cooling 

lactating sows at 25-29°C, although the optimal temperature is between 16°C and 

22°C (Code of Accepted Farming Practice for the Welfare of Pigs).  This suggests 

that many producers are not cooling lactating sows as effectively as they could be.  

Out of all the findings of the survey this may have the most significant 

implications for welfare and productivity.  Sows kept above the recommended 

temperatures risk decreased milk yield, higher body weight losses during lactation 

and a delayed return to oestrus (Black et al., 1993).  Further investigation into 

why producers do not initiate cooling of lactating sows at a lower temperature is 

required. 

The results of this survey suggest that some producers should review the 

temperatures at which they initiate cooling of livestock. Particular attention 

should be focussed on earlier cooling of lactating sows.  It is essential that all 
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stockpersons are able to recognise the early signs of heat stress in pigs and they 

have the resources to provide appropriate cooling. 
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