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Abstract

The objective of this review is to provide an overview on the most frequent health and welfare

issues that could compromise the health and well-being of sows and their litters on intensive

production systems. Also, some farm challenges are discussed that might to be faced by producers,

veterinarians and scientists in order to promote the balance in the hard equation between welfare

and productivity that represent a way to respond to the demands of the regulatory bodies and

markets, and also to the concerns of contemporary society.
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Review Methodology: Our review was based on searching in different databases, such as CAB Abstracts, Agris and Agricola, using

terms such as pig, sow, piglet, litters, behavior, environment, welfare assessment, health and well-being, swine production systems,

and resource and management to give a current overview on the field. The database research regarding to the year of publication was

restricted to the last decade but with no restriction as to language. Some references were also consulted from the articles obtained by

this method in order to obtain some more relevant material.

Introduction

The production and consumption of pork meat has

increased dramatically all over the world, in association

with the exponential rise of the world population and

per capita income rise. In this context, huge changes were

registered in swine husbandry with systems modifying

from small and outdoor labour-dependent enterprises

into large and indoor capital-dependent operations [1],

in which the close confinement of sows in barren envir-

onmental conditions implies in real challenges for pro-

ducers and rises to major public concerns for their

welfare [1, 2].

Genetic selection and better control of the pig envir-

onment have resulted in improvement in performance

traits that in consequence may lead to deterioration in

health and welfare, as highly productive pigs have diffi-

culties in coping with environmental challenges, so they

are at risk of behavioural, physiological and immunological

problems [3, 4]. For this reason, pig-breeding corpora-

tions can use the selection index method to derive

weights for breeding goal traits with non-economic but

societal importance [5]. Also, the use of different tech-

nological innovation may cause some health and welfare

problems for farms, such as alterations in the environ-

ment and aggressions to the well-being of pigs that can

cause production diseases [6], such as teat, skin, foot, limb

and body lesions, callosities, claw lesions and lameness

and immune dysfunction that can cause detrimental

effects on sows and piglets welfare [7–15].

The aim of this review is to discuss some issues and

challenges faced by the modern swine industry, from the

perspective of pigs, producers and society with emphasis

on the main critical points that cause health problems and

welfare impairment or stress for sows and their litters

reared in different confinement systems.

Behaviour as an indicator of swine welfare

The domestic pig is highly motivated to use its snout to

explore for food and other resources in order to meet its
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immediate needs, and also to explore for new objects and

changes in the environment [16, 17]. According to Stud-

nitz et al. [17], it is important to stimulate the exploratory

behaviour of the pig over a long period and to use com-

plex, changeable, destructive, manipulable and distributed

edible materials [17]. If the sow cannot follow her natural

behavioural need, when no material is available, she

redirects her nest-building behaviour towards the pen or

crate equipment, and the pen mates [16, 18], which may

result in stereotypical behaviour and stress, followed by

a reduced reproductive performance. Brazilian studies

showed that the behaviour of pre-parturient sows was

considerably affected by the husbandry system with the

incidence of lower environmental stress, stereotypes

and aggressive interactions in pregnant sows kept in

collective pens housing systems [19, 20].

The pre-partum behaviour of sows is mainly char-

acterized by nest-building activities, resulting in a nest that

provides shelter for the piglets [18]. In this context,

substrate is particularly important for sows during the

pre-farrowing phase to satisfy nest-building motivation,

but it also has properties that provide thermal and phy-

sical protection for the piglets, physical comfort for the

sow and behavioural enrichment for developmental

functions of piglets (reviewed by [21]). However, gesta-

tion crates are still common in swine production imposing

restriction of space and causing injuries for sows. As

behaviour is important for sows, posture, frequency of

posture changes, contact with the stall and udder exten-

sion beyond the boundary of the stall were observed for

24 h at 4 and 14 weeks of gestation in gilts, small, medium

and large sows. It was observed that sows spent less time

standing and more time sitting in the narrower compared

with wider stalls; also, the proportion of lying time spent

in lateral recumbency was greater for larger than for

smaller sows and larger sows made fewer postural

changes, and the proportion of sows touching both sides

of the stall, or with their udder extending into the adja-

cent tall, was affected by the interaction of stall width and

sow size [22].

Factors such as parity order and environmental tem-

perature can interfere in the behavioural interactions

between lactating sows and litters once all sows became

more restless during the warmest periods of the day,

reducing the frequency of posture in lateral decubitus and

the number of suckling by the piglets [23]. However,

there was no significant difference between sows grouped

and individually housed in total number of nursing, num-

ber of nutritive nursing or in proportion of nursing initi-

ated by the sows, despite the fact that grouped sows

terminated higher proportion of nursing and allowed

piglets’ post ejection massage for a shorter time, and that

nursing synchronization was higher among grouped sows

than individual stalled sows [24].

Lactating piglets are more vulnerable to crushing in the

first 24 h of life, when they spend much of their time near

the udder and have relatively poor mobility to move away

from the high-risk posture changes of the sow [25]. It

means that piglet survival is reduced when sows are

confined, since the mother has little interaction with the

piglets except for presenting the teats or sniffing some

piglets that are within her small space [26]. Sows that did

not crush any of their piglets within one lactation period

showed a more protective mothering style and were

socially more flexible in a grouping situation than sows

that crushed several piglets [26].

The evaluation of how socialized piglets before weaning

affects behaviour of lactating sows and the pre and post-

weaning behaviour and performance of piglets demon-

strated that socialization of unfamiliar piglets at that

time and stress resulting from mixing could at least be

distanced in time from the other burdens of weaning,

thereby improving performance [27]. Additionally, it was

postulated that Intermittent suckling regimen applied

either with 6 h separation or with 12 h separation inter-

vals may provide a gradual adaptation to the post-weaning

state by stimulating eating behaviour, without causing

obvious behavioural distress [28].

On-farm welfare assessment of confined sows

and litters

Among the many issues involved on swine welfare,

it is those involving the use of gestation stalls and far-

rowing crates for sows in barren environments which

have risen to the greatest public concern. It is associated

with the frustration of strongly motivated behaviours,

such as absence of a foraging substrate, by a restrictive

environment [2].

The assessment of behaviour, welfare and farrowing

performance of sows in loose housing or individual stalls

showed that loosing system improved the manoeuvring

ability and comfort of sows in the farrowing crate with

beneficial implications for skin health [29]. However, sows

in large groups on deep litter faced greater welfare chal-

lenges in the early stages of gestation based on the find-

ings of increased scratches, a higher rate of return to

oestrus and a trend for higher cortisol levels, all possible

as a consequence of aggression, in contrary with chal-

lenges faced by stalled sows in late gestation showing a

higher incidence of lameness and an increased neutrophil:

lymphocyte ratio as a consequence of increased stress

[30]. In connection with this, it was identified that

gestating sows housed in groups in deep-bedded barns

will perform comparably to sows housed in individual

gestation stalls [31].

The evaluation of stress in pregnant gilts kept penned in

groups or individual stalls by comparing production,

physiology and behaviour measures of the piglets showed

advantages to housing first parity females in groups [32].

A comparison between conventional farrowing crate

(5.0 m2), Trapez pen (6.7 m2, with a crate opened 2 days

after farrowing) and modified FAT2 pen (6.7 m2;
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loose-housing system with nest and dunging area) con-

cluded that health and behaviour of farrowing and lac-

tating sows are negatively affected when being housed in

conventional pens with crates and slatted flooring [9]. In

contrary, the effects of width (0.6 m versus 0.75 m) and

length (2.0 m versus 2.2 m versus 2.4 m) of gestation stalls,

plus a tether-stall negative-control treatment measured

via parameters of behaviour, stress physiology, immunol-

ogy and gait score showed that a stall width of 0.6 m was

better for sow welfare, based on significantly lower total

and free cortisol concentrations, reduced responsiveness

to ACTH and increased immunoresponsiveness [33].

According to an American research, physiological indica-

tors such as cortisol response, although often used

in stress assessment, are limited in that there is no specific

level suggestive of stress [34]. As housing systems always

focused on efficient use of space, it was demonstrated

that well-managed groups of gestating sows increase

resting behaviour and decrease stereotypes at similar

productivity and tissue damage levels [35]. Recently,

12 alternative indoor systems were compared against one

another, conventional crates and outdoor systems, to

assessing how well these systems satisfy criteria for

meeting the animals’ biological needs by means of a

developed welfare design index, and the evaluation of

welfare and economic performance pointed out that

designed pen appears to offer the best indoor alternative

to conventional farrowing crates [21].

An on-farm study investigated management factors, pen

design and abnormalities of the integument of 1177

pregnant sows, concluding that skin abnormalities are not

only pathological findings, but also are indicators of the

quality of a multifactorial relationship between an animal

and its environment [36]. It was previously indicated by a

Danish investigation where skin lesions and lying-down

behaviour were associated with flooring and other herd-

specific factors as well as the sow condition regarding

body condition and leg disorders [7]. More research has

shown large differences in the prevalence of abrasions and

lameness in piglets according to the type of floor; so in

terms of welfare, a deep litter system provided a soft and

good floor for piglets, in comparison with the systems

with concrete floor [14]. British studies demonstrated

that lactating sows there is an increased risk of limb and

body lesions when housed on slatted floors compared

with those on solid concrete floors with bedding [10], and

that no one floor type was ideal to minimize all piglet

foot and limb injuries, being slatted floors associated with

an increased risk of sole bruising and swollen joints or

claws abrasions but were associated with reduced risk

of skin abrasion in young piglets [11]. Furthermore,

slatted floors provide the animals with a number of par-

ticular challenges – an uneven walking surface, a reduced

weight-bearing surface, lack of bedding and sharp slat

edges – that increase the risk of injury and lameness [12].

Decubital shoulder ulcers in sows reflect a welfare

problem because the painful condition prevents the

normal ability of the animals’ adaptation. The extension

of this problem cannot be fully determined until a valid

ante-mortem classification system is available, and knowl-

edge about the duration of the condition as well as pos-

sible consequences in terms of pain or discomfort have

been established [37]. An association between type of

housing group and sow-related factors with lameness

showed that the risk of this clinical disorder was lower

while the risk of claw lesions was higher in older sows,

suggesting that a balanced parity distribution of sows will

be important for productivity as well as to avoid problems

of locomotion [38].

Several initiatives were taken to address the assess-

ment of piglet welfare. The assumption that in indoor

farrowing systems, the newborn piglets will leave their

mother after suckling to enter a heated and bedded creep

area did not increase time spent away from the sow, nor

did it reduce piglet mortality [39]. Two methods of tooth

resection (tooth clipping with pliers and tooth grinding

with a rotating grindstone) on their own teeth, on skin

lesions of piglets and of sow udders as well as on litter

growth and survival indicated that this procedure has

little effect on sows’ udder and litter performance, but

it allows a reduction in piglet skin damage especially

when tooth resection is performed by clipping. However,

this reduction is counterbalanced by the damages to their

own teeth [40]. On the other hand, the stress response

of alternative methods for performing different proce-

dures: teeth resection – clipping versus grinding; tail

docking – cold versus hot clipping; identification – ear

notch versus tag; iron administration – injection versus

oral and castration – cords cut versus torn pointed out

that responses to teeth resection, tail docking and iden-

tification were shown to be altered by the procedural

method, whereas responses to iron administration and

castration did not differ [41].

The common incidence of fighting in piglets mixed

before weaning (age between 5 and 26 days) showed no

significant relationship between age and the likelihood

that pair of piglets would fight during the first 75 min

after mixing, also that younger pigs shown 80% fewer

injuries from the fighting [42]. In determining how co-

mingling affect piglets’ pre-weaning growth, ear injuries,

suckling behaviour and responses to behavioural tests

used to measure coping abilities, it was viewed that co-

mingling litters affects social behaviour of piglets, by pri-

marily decreasing aggressive interactions during social

challenges ([43].

Resource and management inputs as guidance

to improve welfare on sow housing systems

Recently policies have been changed around the world,

with emphasis in Europe and the USA, preventing the use

of crates during pregnancy and lactation in intensive

swine systems, in order to minimize health and welfare
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problems, such as poor hygiene, urinary infections, body

lesions, leg disorders and stereotypes in crated sows.

A study with sows housed in dynamic, twice-mixed and

static groups of different sizes in pens showed that the

total injury score was significantly higher in the dynamic

group 2 weeks after mixing, concluding that this higher

score and lower number of non-agonistic social inter-

actions are indicators that welfare was compromised in

the dynamic group as compared with the other groups

[44]. On the other hand, the effects of pen versus crated

housing systems and drop- versus trickle-fed feeding were

evaluated on sow productivity, occurrence of lesions

during farrowing and weaning, immune measures and

behavioural responses during two consecutives gestating

periods. The conclusion was that the environments

evaluated did not have major effects on gilt or sow phy-

siology or reproductive performance [45]. According to

some researchers, the restriction of space in gestation

crates is a serious cause of injuries for sows. In connection

with this, different floor space allowances for dry, pregnant

sows in pens were evaluated to determine the impacts

of space on performance, productivity and body lesions

during two consecutive farrowings. Although the effects of

gestation system were found and lesion scores often were

greater as space decreased, differences in productivity

traits were unremarkable with respect to sow welfare

or performance compared with industry norms [8].

It was pointed out that grouped sows are involved in

more aggressive encounters than stall-housed females, so

for groups of gestating sows special attention should be

directed towards feeding management to avoid excessive

aggression and possible adverse effects on welfare [46].

In agreement, the social rank of pregnant gilts and group-

housed sows and fed by an electronic sow feeding system

was evaluated and indicated that the social rank of the

sow affects her own body weight gain and loss as well as

growth and behaviour of her offspring. It was suggested

that pig breeders that apply group housing during preg-

nancy should pay attention to reducing competition

around the feeding area, which may reduce aggression

among the sows and minimize differences between high

and low social ranking sows [47]. Another study has

posited that management (static versus dynamic), state of

gestation at introduction, familiarity within the group and

age of sow did not have impact on sows during gestation.

However, the stage of gestation and parity should be

considered along with the dynamic group as it can impact

aggression and access to resources [48]. It is important to

identify social strategies when mixing gilts with older sows

during gestation and the impact of inter-individual differ-

ences on their offspring. Individual gilts varied in the

degree to which they either interacted aggressively with

sows and received skin lesions, or avoided sows by

spending time in the feeders. There were associations

between the skin lesions received by gilts at their first mix

and a number of characteristics of their offspring [49].

The fact that stall systems do not provide freedom of

movement for sows to perform their normal patterns of

behaviour means that increased space is likely to reduce

aggressive interactions and total skin lesion score and

decrease physiological indicators of stress such as free

plasma cortisol concentrations [50].

It was shown that sows housed on deep litter faced

greater welfare challenges in the early stages of gestation

based on the findings of increased scratches, a higher rate

of return to oestrus and a trend for higher cortisol con-

centration: all possibly a consequence of aggression. In

contrast, sows in stalls faced greater welfare challenges

later in gestation based on a higher incidence of lameness

and an increased neutrophil:lymphocyte ratio perhaps as

a consequence of increased stress, suggesting welfare

advantages and disadvantages for both housing systems

[30]. Recently, a survey carried out to list the most likely

success and risk factors for group housing of sows in early

pregnancy concluded that especially factors causing

chronic stress and a low feed intake may impact repro-

ductive performance; also, that factors such as quality of

floor is important for leg problems and longevity, and

gradual familiarization of unfamiliar animals, sufficient

space and pen structure during initial mixing, minimizing

opportunities for dominant sows to steal food from

subordinates, provision of a good quality floor and use of

straw bedding can avoid aggression among sows [51].

The combined effects of allowing sows access to a

getaway area separated from the piglets, where they could

mingle with other two sows, and litters had access to a

crawling area where they could mingle with piglets from

two other litters showed that this housing system pro-

vides welfare advantages for the sow (time away from the

piglets, reduced demands for nursing, opportunities for

socialization) and piglets (reduced growth check and

aggression at weaning) while allowing for high levels of

production consistent with confinement systems [52].

Recently, the monitoring of lactating sows housed in far-

rowing crates with continuous, concrete flooring on 75%

of the surface and a type of grate in the defecation area

for sows and piglets to use (25%) and housed in improved

farrowing crates featuring discontinuous plastic flooring

on the entire surface of the box, respectively, concluded

that the number of sows in the first group displayed

skin more lesions (59%) in the former compared with

the latter group (41%), whereas skin lesions in piglets

were 65% for the second group compared with 35%

for the first one. The welfare indicators monitored

recorded variations for both housing systems, showing a

depreciation of the animal welfare [53].

An investigation was carried out to quantify variability

between sows and consistency across parities in crushing

mortality, and to examine the effect of the environment

on variability. It provides evidence that sows exhibit large

differences between individuals in their propensity to

crush piglets; and that these individual differences have

been partially masked by the use of farrowing crates,

and that individual differences show some consistency
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over parities [54]. Characteristics of sow behaviour and

parturition related to early piglet mortality in loose-

housed farrowing sows were identified. Different causes

of mortality were linked to different behavioural variables

during the periparturient period and grouped into

three categories: the first was associated to stillbirth

(positively related to the variation of the inter-birth

interval and negatively related to the percentage of piglets

that suckled during the first 8 h after birth of first

piglet(BFP)) and other causes, the second with piglet

crushing (positively related to much lateral lying the last

4 h before BFP), and the last one with death owing to

a lack of colostrum injections (linked to the time

of parturition and sow rectal temperature on days 1 and 2

after farrowing) [55].

Swedish records of playing, fighting and biting behaviour

made with grouped lactating sows (GH) and their litters

kept in a large straw-bedded pen, and in individual housing

farms (IH) with each sow and litter kept in a pen with

less straw showed that there was no difference between

GH and IH farms in the frequency of these behaviours,

and also that weaning age was not affected by either

treatment [56].

A free farrowing pen (left anti-crushing bar, a detach-

able right anti-crushing bar on the sides of the sow lying

area, and a 10 cm-high anti-crushing bar in the non-lying

area) was designed to overcome the drawbacks of both

farrowing crates and farrowing pens. It was found that

farrowing duration and the mean piglet birth intervals

were longer for the sows in farrowing crates; piglet still-

birth rate was higher for the sows in farrowing crates and

crushing mortality was higher among piglets in farrowing

pens. Sows in free farrowing pens were found to be more

protective of their piglets [57]. A cohort study carried out

on 112 pig farms in England shown that farrowing crates

reduced the risk of preweaning live born mortality attri-

butable to crushing but piglets in this system were at

increased risk of death from other causes [58].

Data from a Swiss sow recording scheme (UFA2000)

were analysed and showed that the greater litter size at

birth, significantly more losses occurred for all reasons

(total, crushed, others).Total piglet mortality and losses

for reasons other than crushing were significantly higher

in older sows. Losses were therefore mainly attributable

to sow-related characteristics rather than to the design of

the farrowing pen [59]. An investigation was done to find

out whether the same piglet traits contributed to the

same causes of neonatal piglet mortality in crates (CT)

and pens (PN). The results emphasize that the micro-

climate in the PN for newborn piglets and its heat pre-

serving properties are more important for survival than

whether the sow is crated or penned [60].

A study evaluated the economics of pig production in

the PigSAFE farrowing pen, with focus on four points:

identification of prevalent UK sow farrowing systems;

estimation of the cost of production in different farrowing

systems; exploration of how sensitive these costs were to

changes in outputs, and finally the estimation of the uptake

of high-welfare farrowing systems by the UK pig industry.

In conclusion, the current farrowing systems are domi-

nated by the farrowing crate; also, pig producers may seek

premium revenue to encourage them to invest in alter-

native farrowing systems, but they remain cautious about

large-scale investment in these systems, despite the

reported welfare advantages for the sow [61]. Indeed, an

ideal alternative system would maximize piglet survival,

allow sows to perform their natural patterns of behaviour,

reduce labour and provide a good working environment

and incur lower capital requirements compared with

conventional systems [62].

Perception of farmers, suppliers and consumers

in relation to welfare in intensive piggeries

In the last decade, several initiatives were taken to

address animal welfare issues. Specifically in terms of

swine production, welfare in the future will be driven by

many of the same things that create welfare status today:

human virtue, social ethics, economics of production,

scientific information and the standards of an international

community [63]. In this context, there has been an

increase in public concerns related to animal welfare

around the world, as consumers from different countries

have been using animal welfare as an indicator of food

quality and safety. Consumer awareness has led pro-

cessors, retailers and politicians to pay a greater attention

to the animal welfare and environmental issues associated

with the production and supply of food [64]. A particular

issue facing the US swine industry is the possible elim-

ination of production practices condemned by some con-

sumers to be animal-unfriendly, and pressure is mounting

for the industry to cease using gestation crates [65].

According to a Dutch research [66], farmers within

different quality assurance schemes had very similar per-

ceptions about markets, consumers and social expecta-

tions. Thus, farmers’ approaches to animal welfare on

their farms are not just a question of attitudes or ethical

views. The choices available within specific production

methods are also constrained by economic factors that

are directly related to the market in which they operate.

In Sweden, most of the farmers join schemes with

demands above and beyond the legal requirements, and

they join two or more schemes; diversity in perspectives

was found between conventional and organic farmers,

male (physical comfort view) and female (natural beha-

viour view), and between farmers with higher and lower

levels of education [67]. From the UK pig industry point of

view, farm assurance provides assurances to the market

over food safety, animal welfare and environmental con-

cerns. The principle of including welfare outcome mea-

sures within farm assurance schemes is expected to

provide a more meaningful way of assessing animal welfare

than the existing resource assessments [68].
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Another critical view point in swine production sys-

tems is related to surgical castration of piglets to eliminate

the risk of boar taint. However, this procedure is the

subject of much debate and criticism as a result of its

negative implications for piglet welfare, integrity and

health [69]. The alternative of immunocastration as

opposed to surgical castration has not emerged as a

problem in terms of consumer acceptance. However,

special attention should be paid to consumers’ perception

of pricing, food safety and the taste of the meat from

immunocastrated pigs [69].

Despite all of this, breeding companies and farmers

focus their goals in genetic improvements of produc-

tion and reproduction traits and also implement the

confinement of sows in gestation and/or farrowing crates,

which means an emphasis on growth rate, meat percen-

tage, feeding efficiency and piglet production, considering

these traits are seen as economically relevant [5]. Today,

the current challenge is to raise awareness about animal

welfare in the society in order to achieve a balance based

on market and societal trends respecting consumer pre-

ferences and citizens’ concerns.

Future outlook on swine welfare production

To address animal welfare in the long term, advantages

of current housing systems should be retained while

making improvements to overcome identified problems.

Improvements should be adopted as soon as technology is

sound enough for producers to adopt it with confidence,

the skills needed to operate the systems are understood

and available, and systems are economically viable [70].

The immediate need is for industry to advance housing

and management practices in ways that will improve the

welfare of sows while providing producers with practical

and reliable methods [70]. However, in a very competitive

industry, producers can only operate within the bound-

aries of profitability, so initiatives that reduce net margin

are not sustainable and any systems which significantly

reduce output or increase capital or running costs are

only viable if associated with a protected market or reli-

able product premium revenue [2]. It is accepted that new

livestock housing systems designed to improve animal

welfare will only receive large-scale commercial adoption

if they improve profitability, or are at least cost-neutral to

the farm business. In connection with this, economic

evaluation of new systems development is therefore

essential to determine their effect on cost of production

and hence the extent of any market premium necessary to

stimulate adoption [61].

Conclusion

Intensive production systems, based on high productivity

of sows, promote drastic changes, since the adaptation of

animals to a new social and physical environment repre-

sents a stressful situation, which induces adverse beha-

vioural reactions and multifactorial pathologies. It should

be considered that the new genotypes are more sensitive

to stress and discomfort caused by the type of manage-

ment, equipment and environment of confinement

operations. In this context, issues and challenges related

to the decline in standards of welfare for swine should be

recognized by producers, veterinarians, scientists,

governments and society, resulting in the elaboration of

legislations and guidelines based on indicators that

express the ability of adjustment (meet the behavioural

and physiological needs) or failure (appearance of pro-

duction diseases such as stress, abnormal behaviour, pain,

suffering and poor performance) in their adaptation to the

confinement systems. Obviously, the current systems of

pig production (conventional or alternative) must be

analysed from different perspectives, to ensure animal

welfare and meet the economic and social interests of

producers, food suppliers and consumers.
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