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Chapter

Troubled Process of Parturition of
the Domestic Pig

Claudio Oliviero and Olli Peltoniemi

Abstract

Over the past three decades, efficient breeding and management have almost
doubled the litter size of sows. Simultaneously, duration of farrowing has increased
markedly. The expulsion phase of parturition in the hyper prolific sow is now 3 to 5
times longer than it was in the early 1990s. There has also been a constant down-
ward trend in piglet birth weight, along with a similar trend in colostrum intake,
which is an important risk factor for piglet mortality. Together with these trends, an
increase in farrowing complications, such as postpartum dysgalactia and retention
of placenta, has been reported. This paper investigates group housing of sows dur-
ing gestation, farrowing and lactation, focusing on management strategies of the
sow. In short, the sow needs to be given space and enrichment materials for ade-
quate expression of nest-building behavior. Maternal characteristics may be utilized
to improve the success rate of reproductive management during farrowing and early
lactation. The lower piglet birth weight and compromised immunity of newborn
piglets warrant investigation in the search for novel management tools. Robust
breeds with somewhat lower litter size, but improved resilience and increased birth
weight may be needed in the near future.

Keywords: hyper prolific sow, large litters, group housing, parturition process,
feeding management, colostrum management, gut microbiota

1. Introduction

In the pig, just as in other mammalian species, the process of parturition
includes three phase: opening of the cervix (I), expulsion of the fetuses (II) and
expulsion of the placentae (III). In the 1990, the average duration of farrowing
was 1.5.-2 hours [1]. Since 1990, there has been a linear increase in both 1) litter size
from about 10 piglets in 1990 to close to 20 piglets in 2019 and 2) duration of far-
rowing from 1.5-2 hours to 7-8 hours (a conclusion based on 20 studies on duration
of farrowing, Figure 1, [2]). While the described tendency is subject to differences
between breeds and management (i.e. farrowing crate vs. free farrowing), the
overall tendency is rather convincing. The extended duration of farrowing appears
an outcome of intensive breeding for prolificacy in the pig [2].

The increasing litter size presents with an immunological challenge for the sow
and especially the piglets [2, 3]. The last 20-30% of the fetuses to be born likely
miss out on access to good quality colostrum that declines by 50% already by the 6th
hour after the birth of the first piglet [4]. On the other hand, they also have less time
to suckle colostrum due to decreased window of opportunity for colostrum intake,
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Figure 1.
Relationship between litter size and the duration of farrowing in 20 studies from 1992 to 2018 (adapted from
Oliviero et al. 2019, reproduction in domestic animals, Wiley-Blackwell).

increased competition for teats and reduced birth weight. This all may show up later
in emergence of diseases in the growing phase of piglets/fattening pigs.

The metabolic challenge related to hyper-prolific sow production model begins
in the growing phase of gilts and goes beyond farrowing and lactation. The sow is
supposed to eat enough to meet the requirement of growing litters prior to farrow-
ing, which may cause some of the problems seen at around farrowing [5, 6]. In the
early part of lactation, sows with large litters loose more energy while producing
milk than what they can consume in their feed, ending up in a negative energy
balance (NEB) [7, 8].

The growing litter size and intensity of production as such appear as items for
welfare concern for the public. This seems to happen regardless of whether those
concerns would be warranted or not. However, this review will tackle those items
relating to welfare of the hyper-prolific sow model that we know, based on scientific
literature, as having reasons to be addressed.

2. Physiology of parturition: low state systemic inflammation involved
(PDS)

Nest building and the phases of farrowing are orchestrated by responding
changes in reproductive hormones. It is well established that decline in progesterone
and peak in prostaglandin F2alpha triggers nest building behavior while oxytocin
rise at the beginning of expulsion phase marks the session of nest building [9].
Prostaglandin F2alpha peak also induces CL regression with a concomitant decline
in progesterone, making uterine contractions and parturition possible. Oxytocin is
mainly in charge of uterine contractions during the expulsion phase of parturition
and letdown of colostrum and milk, while prolactin will promote mammary gland
development to the extent that initiation of milk production after parturition will
become possible [10-12].

It has also been described in the literature and also shown by our group that
allowing the sow to build up a nest prior to farrowing will increase oxytocin release
and shorten the duration of farrowing [5, 13]. Other ways of shortening the dura-
tion of farrowing include increasing fiber in the feedstuff and encouraging water
intake [5, 14]. However, even applying most good management interventions prior
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to farrowing, duration of farrowing of modern hyperprolific sows is extended

four - to five hold as described [2, 15, 16]. Prolonged duration of farrowing will
mean reduced quality and quantity of colostrum intake by piglets, increased degree
of intrapartum hypoxia of fetuses [17], increased rate of retained placentae [18],
increased rate of uterine inflammation and post partum dysglactia (PDS) [19] and
likely, reduced development of next generation of follicles fertility [3, 17].

Moreover, during the periparturient period, biological mechanisms coordinate
the mobilization of body reserves in order to support fetal growth and milk produc-
tion; insulin concentrations are reduced and the response of hormone-sensitive
lipase in adipose tissue (e.g., low insulin, high growth hormone and catecholamines,
or high glucocorticoid concentrations) is greater to facilitate lipid mobilization.
This periparturient period is also characterized by a low state of inflammation
encompassing an increase in hepatic production of positive acute-phase proteins
(APP), and a decrease in the production of negative APP [15, 20]. It has been
rather well described in the literature that these responses are mediated by the
pro-inflammatory cytokines interleukin (IL)-6, IL-1f, and tumor necrosis factor-o
(TNF-a) [15]. Additionally, evidence in the dairy cow indicates that oxidative stress
also occurs during this period and is driven by the imbalance between the produc-
tion of reactive oxygen metabolites (ROM), reactive nitrogen species (RNS), and
the neutralizing capacity of antioxidant mechanisms in tissues and blood [21]. The
extent and duration of the inflammatory process will determine whether or not
the condition is ending up as a clinical disease. However, it is noteworthy, that in the
hyper prolific sows lines as those typical of Denmark and Belgium, the incidence
of sows contracting a systemic disease postpartum is as high as >30% [15, 22, 23].
Moreover, it is obvious that even in those sows staying healthy as far as clinical
symptoms, the inflammatory process is heavily present as indicated by means of
those markers described above [15].

Typically, within two to three days post partum, the process of inflammation
may develop into endotoxemia, which involves the release of the inflammation
markers described. Endotoxemia is associated with clinical symptoms indicating a
systemic response to infectious agents such as coliform bacteria — and PDS [24-26].
The condition comes with acute general symptoms such as inappetite, lethargy and
tever [25], followed by local symptoms that usually affect either the uterus [19] or
the udder [27] or both of them.

After parturition, concomitant with the process of inflammation, the sow
undergoes metabolic stress due to loss of body reserves in favor of milk produced
for large litters. This change rate is highest during the first 10 days of lactation. One
of major mediators of metabolic stress is IGF-1, which is also seen as an indicator
for fertility. Low IGF-1 levels indicate inflammation, metabolic stress present and
fertility. IGF-1 is also regarded as one of the most important factors driving fol-
licle development [28-30]. The role of extracellular vesicles, although proposed as
being key players in follicle development and the cross talk between the mother and
the embryo, in this inflammatory process and its effect on follicle development,
however, remains less explored [31].

In conclusion, in hyperprolific sows, the physiological process of farrowing
is prolonged, making the system vulnerable in terms of increased rate of inflam-
mation and emerging infectious uterine and mammary disease. In fact, recent
evidence now shows that even in sows staying without symptoms, there seems to be
considerable degree of “silent inflammation” in the body. In an increased propor-
tion of sows, however, post partum disease PDS is detected and hopefully treated.
The consequences of inflammation, regardless of clinical symptoms, include
reduced quantity and quality of piglet colostrum intake and milk intake during
early lactation.
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3. Challenges with transfer of immunity to piglets

The neonate piglets are born without the protection of immunoglobulins
because of the epitheliochorial nature of the porcine placenta, which does not allow
transfer of large molecules during the maternal-fetal interface. Neonate piglets
must acquire maternal immunoglobulins from ingested colostrum for passive
immune protection, before they will adequately produce own immunoglobulins at
3-4 weeks of age [32].

In Europe in the last 30 years there has been a constant increase in number of pig-
lets born, with litter size averagely increasing from 11 to 14 piglets, with some countries
reaching an average of 16 piglets [33, 34]. Nowadays, having litters up to 18-20 piglets
it is not uncommon when raising hyper-prolific sow lines [18, 34, 35]. Because sows can
have averagely an udder with 14-16 teats [36], large litters are challenging to manage
during lactation. According to Andersen et al. [37], without balancing of litter size
after birth and without any direct help to sow and piglets, a sow is able to wean success-
fully no more than 10 to 11 piglets. Large litters can also directly affect piglets at birth.
The larger is the number of piglets born in a litter, the lower is their average birthweight
and the higher is their weight variation within the litter [38-41]. A greater number
of piglets born than the available teats at the sow’s udder, a lower birthweightand a
greater birthweight variation, all increase the piglets’ competition for colostrum intake
[42]. Similarly, lower birthweight and long farrowing duration are associated with
lower piglet vitality at birth, which can delay the access to the udder [43, 44].

The constant presence of maternally secretory IgA (sIgA) in milk guarantees the
protection of the intestinal mucosa of piglets. As long as piglets are able to intake
sufficient amounts of milk, the sIgA give a localized protection to their intestine,
allowing them to develop gradually their own immune response mechanisms [45].
Other immunoglobulins, like IgG are more concentrated into colostrum, with most
of colostrum produced before farrowing and right after farrowing [46]. Porcine
colostrum contains very high levels of IgG (30-70 g/1) and a mixture of bioactive
molecules like growth factors and enzymes. In colostrum, the level of IgG may be
four times higher than the level of IgA and IgG in the serum of the sow [2]. Closure
of the gut junctions in piglets occurs 24-36 h after their birth, making the absorp-
tion of immunoglobulins impossible [32]. Impossibility for piglets to obtain timely a
sufficient intake of colostrum is considered the main cause of piglet deaths occur-
ring within the first days after birth [47]. The recommended amount of colostrum
needed per piglet is at least 200 g to minimize the mortality and 250 g for good
body weight gain [47]. Since the amount of colostrum offered is timely limited by
the sow own production, there is a possibility that in large litters some of the piglets
may suffer lack of colostrum. Lessard et al. [48] suggested that the genes’ expres-
sion of immunity and oxidative stress in piglets’ intestinal tissue can be affected by
birth weight and colostrum intake, with direct effects on the leukocyte populations
responsible of innate and cell-mediated immunity of nursing piglets. Piglets born
with low weight had a lower amount of intestinal antigen presenting cells and an
impaired increase of B cells, when compared to high birth weight piglets [48].

Social stress conditions like competition for colostrum and milk intake, crowd-
ing, and regrouping are more common in large litters. These conditions may induce
short- and long-term effects in pigs, on their immunity. Psychosocial stress may
alterate changes in the reactions of both the innate and adaptive immunity, such
as leukocyte distribution, cytokine secretion, lymphocyte proliferation, antibody
production and immune responses to viral infection or vaccination [49]. In addi-
tion, social stress may induce or promote gastrointestinal (GI) diseases through
dysregulation of inflammatory processes and glucocorticoid resistance of lympho-
cytes [49], cortisol being the main stress-induced glucocorticoid in pigs.
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Some studies found an increased association between high pre-weaning mortal-
ity and large litters [50, 51], one example is given in Figure 2 for the Netherlands.
An explanation to this correlation can be found in prolonged farrowing duration
and lower birth weight commonly seen in large litter size [2].

In a recent study performed in Norway they found that, on the first day of life,
the level of piglet plasma IgG, was affected negatively by a linear decrease of 0.4 g/L
for each piglet born, indicating how prolonged parturition in large litters can impair
the uptake of passive immunity of neonate piglets [52]. Several studies report a
negative correlation between litter size and piglet birth weight [38-40, 53]. When
looking to piglets’ individual growth, three different studies consistently found a
decline in litter average birth weight, ranging from 35 to 43 g for each additional
pig born across three different populations of litters recorded [39, 40, 54]. A lower
birth weight can affect negatively colostrum intake, increasing the risk of mortality
[55-57]. Piglets serum IgG concentrations increased with increased piglet weight,
while piglets from larger litters had lower serum IgG [58]. Similarly, greater amount
of colostrum ingested at birth increased the IgG content in serum of piglets at 24 h
after birth [59]. Another study found that piglet serum IgG concentration at 24 h,
10 and 20 days of age was positively correlated with colostrum intake and with the
serum IgG concentration of the mother, but was not correlated with birth weight
[56]. Increased duration of farrowing in combination with larger competition in the
litter, can reduce not only the possibility to intake adequate amount of colostrum,
but also retard the time of access to the udder. This is an unfavorable condition
considering that colostrum level of immunoglobulins declines fast after the start of
parturition [57]. Studies report that a delayed intake, after the birth, of a standard
colostrum ration affected negatively the piglets’ immunoglobulin absorption and
the maturation of their intestinal villi, having possibly long-term harm on their
digestion process [60]. A retarded detection of IgG in piglets’ serum was reported
when the standardized colostrum portion was given only after 12 h from their birth,
than in piglets getting it immediately after the birth. The latter piglets had 4.4%
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Increased mortality with increased litter size in the Netherlands (adapted from: AgroVision BV. the
Netherlands, 2017).
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more plasma IgG (21.5 vs. 17.1%), probably because of their greater development
of intestinal villi [60]. Klobasa et al. [61] found that birth order had an influence
on the amount of immunoglobulin absorbed in a population of 600 piglets. The
latest piglets born in the litters had the lower IgG level in their plasma, due to the
fast decline in colostrum immunoglobulins level from the start of parturition.
Correspondingly, another study reported a 4% decrease of plasma IgG concentra-
tion in piglets of smaller birth weight, when compared to their bigger siblings [62].
Manjarin et al. [63] indicated the farrowing-to-suckling interval to be fundamental
in the acquisition of adequate IgG by piglets. A 4 h delayed intake of colostrum,
after the start of parturition, significantly reduced the amount of piglets’ plasma
proteins 24 hours up to 12 days. It is therefore extremely important to consider
also the time of birth of piglets in relation to the start of farrowing, when planning
successful strategies to boost colostrum intake in large litters, like for instance split
suckling [2].

4. Microbiota involvement during pregnancy, parturition and lactation

The composition of gut microbiota constantly shifts over time and it is not
constant. In sows, both diversity and abundance of certain microbial population
increase with progression of the pregnancy until weaning [64]. Diversified gut
microbiota can provide different metabolic capacities and functionality in sows,
ensuring the sufficient supply of nutrients for fetal growth and development
[64]. In a recent study carried out by Hasan et al. [65], at farrowing, from a phyla
level perspective, most gut bacteria were classified in Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, and Candidatus. The Firmicutes represent the most
abundant proportion of the total population, followed by Bacteroides. These two
phyla accounted for approximately 98% of all bacteria present. These results are in
line with the one published by Kim et al. [66], reporting Firmicutes and Bacteroides
being 90% of total bacteria present in late pregnancy in the sow gut. However, the
findings of the study by Ji et al. [64], reported that Bacteroides increased linearly
with the progression of the pregnancy and represented the most dominant (45%)
in late pregnancy. Jost et al. [67] reported that Firmicutes exhibited no detectable
changes over perinatal period. There are some evidences that gestational body
weight gain or increase in the back-fat thickness in the sows, may be associated
with an increase in the abundance of Firmicutes or an increase in the Firmicutes
to Bacteroides ratio [64, 68]. In terms of phyla, the abundance of Tenericutes,
Fibrobacteres, and Cyanobacteria have been shown to increase with the progres-
sion of the pregnancy [64]. These phyla have some beneficial effects, for example,
Tenericutes increase intestinal cells’ integrity and Fibrobacteres are characterized
by having the potential to metabolize non-soluble polysaccharides, such as cellulose,
hemicellulose or pectin [64]. During late gestation Romboutsia was the dominant
genus in sows which is from the phylum Firmicutes, followed by Clostridium sensu
stricto, Lactobacillus, Oscillibacter, Intestinimonas, Sporobacter, Christensenella,
Barnesiella, Flavonifractor, Terrisporobacter, Acidaminobacter, Lachnospiracea
incertae sedis, and Turicibacter, other genera being much less 1% [65].

The changes in the diet can differentiate the composition of the microbiome,
and in its potential functionality. Recent studies demonstrate the importance of
dietary microbial modulation. Dietary supplementation of hydrolysed yeast [65],
resin acid enriched composition [69], probiotics [70] and prebiotics [71, 72] in
sow’s late gestation diet, significantly changes microbial populations. Different
levels and types of protein and fiber in the diet are also modulating the gut micro-
bial population both in gestating sows and in weaning piglets. Fiber has various
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physicochemical properties, and its supplementation during pregnancy effectively
enhances the stability of the gut microbiota population in sow [71, 72]. The most
important changes in the gut microbiota composition include a reduction in
Proteobacteria and an increase in Ruminococcaceae, Oscillospira, and Eubacterium.
Additionally, the genus Eubacterium increases, after dietary soluble fiber supple-
mentation during pregnancy, promoting propionate release, being one of the
possible reasons by which dietary fiber increases insulin sensitivity and decrease
the general inflammation in sows around farrowing [73]. Those microbiota capable
to ferment indigestible carbohydrates, produce short chain fatty acids (SCFA)
that can be an important energy source for the sow. Butyrate, in particular, is a gut
health-promoting compound that acts as the main energy source for colonocytes
and exerts anti-inflammatory properties [74]. The increased production of SCFAs
promotes intestinal energy availability, which may contribute to the high energetic
demands of hyper-prolific sows for the longer duration of farrowing process;
therefore promoting the presence of fiber degrading gut microbiota seems to be
favorable for gestating sows. The reduction of pathogenic bacteria in response to
dietary supplementation is associated with an increase of beneficial microbiota,
which in turn may modify the substrate availability and the physiological condi-
tions of the gastrointestinal tract (e.g. fermentation products, luminal pH and bile
acid concentration) [75]. Dietary supplementation of yeast hydrolysate in the preg-
nancy influenced beneficial and fermentative bacteria (Roseburia, Paraprevotella,
Eubacterium), while, some opportunistic pathogens like Desulfovibrio,
Escherichia/Shigella and Helicobacter, of the phylum Proteobacteria, were sup-
pressed [65].

Proteobacteria are usually a minority presence within a normal gut micro-
bial community [76]. However, a dysbiotic expansion of facultative anaerobic
Proteobacteria are connected with gut inflammation, including irritable bowel
syndrome, inflammatory bowel disease in humans [77], and with increased inflam-
matory responses of women in late pregnancy [78]. Recent studies have proposed
that an expansion of Proteobacteria in the gut microbiota community is a potential
diagnostic criterion for dysbiosis in gut microbiota and epithelial dysfunction
[79, 80]. For instance, Hasan et al. [65] found that some positive sow’s productive
and physiological performances (high colostrum yield, high colostrum proteins
content, high colostrum IgG content, normal blood progesterone level and nor-
mal farrowing duration) were positively correlated to the gut bacterial families
Lactobacillaceae, Ruminococcaceae and Prevotellaceae, the last two being bacteria
able to utilize different plant cell wall polysaccharides. On the contrary, unfavor-
able productive and physiological performances of the sow (low colostrum yield,
low colostrum proteins content, low colostrum IgG content, high level of blood
progesterone and long farrowing duration) clustered and were positively correlated
with the gut bacterial families Erysipelotrichaceae, Clostridiaceae, Streptococcaceae,
Enterobacteriaceae, Desulfovibrionaceae and Bacteroidaceae, many of these being
known pig pathogens bacteria or part of the dysbiotic phylum Proteobacteria.

5. Robustness needed, resilience favored

The climate change requires a brave vision regarding breeding goals in the pig
in the future. Buildings housing pigs will need to be energy saving and reducing
CO2 emissions in the future. On the other hand, hotter climate will need pigs to
be robust and more resilient under heat with less susceptible to becoming stressed
under those conditions. Hyper-prolific sows, however, may actually be quite
sensitive to heat in comparison to less productive breeds [81].
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Consumers appear to asking for improved welfare such as provided by free far-
rowing /free lactation discussed earlier [34]. Therefore, there appears to be growing
demand for cross breeding/genes for these characteristics and traits. Recent devel-
opments in reproductive technology may provide tools for international trade of
germ cells and embryos in the near future.

6. Conclusions

The process of parturition is long and complicated in the hyperprolific sow. It
brings about increased risk of uterine contamination, mammary gland inflamma-
tion and retained placenta, therefore increasing post partum inflammation leading
up to post partum dysgalactia PDS. From the fetal/neonatal point of view, hypoxia
may develop due to the extended expulsion phase of parturition. Moreover, the
quality and quantity of colostrum intake goes down when the decreasing window
for suckling. In the early lactation, metabolic stress in profound due to the increased
demand for energy and nutrients, which worsens the negative energy balance and
may affect development of next generation follicle development and thereby future
generations of piglets. Environmental and dietary effects on the gut microbiota of
sows and piglets have an impact during gestation, farrowing and lactation, possibly
improving performances of hyperprolific sows and of piglets in large litters.
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