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ABSTRACT
ALVES, L. Pre-mating stress alters the vaginal microbiota of gilts. [Estresse
pré-cópula altera a microbiota vaginal de fêmeas suínas nulíparas]. 2019. 77 f.
Dissertation (Master of Science) – School of Veterinary Medicine and Animal
Science, University of São Paulo, São Paulo, 2019.
Pre-mating period is often associated with intense stress for sows in commercial
production systems, due to the change of management, diet, facilities, among
others. Sows are kept in crates during the pre-mating period, which challenge
their welfare, occurring the release of cortisol, altering their physiology, modifying
responses to pain, infection, injury and stress response. A prolonged exposure
to stress can suppress the immune system and increase the susceptibility to
infections,

often

caused

by

Gram-negative

bacteria

than

contains

lipopolysaccharide (LPS) in their cell wall. The role of microbiota in the gut-brain
axis is recognized in processes related to stress, obesity, psychiatric disorders,
among others, being influenced by environmental, physiological, genotypic and
social factors. The hypothesis of this study is that the vaginal microbiota is altered
by the stress that female undergoes during the pre-mating period and this
alteration compromises their health and welfare. In this study, we investigated the
consequences of housing 42 gilts in crates (n=14), indoor group housing (n=14)
and outdoors (n=14), three different housing systems, prior to mating. Half of the
gilts were challenged with an inoculation of lipopolysaccharides (LPS), in the day
of the estrus, simulating an inflammatory condition. Measures of salivary cortisol,
behavior, vaginal microbiota, temperature and post-mortem samples were
collected. Our data indicates that housing can modulate behavior and physiology,
influencing how animals cope with an LPS challenge, which induces a rise in
temperature, thus interfering in their welfare. We propose that indoor group
housing system, being a barren and poor environment, due the physical and
social environment, was more favored to the appearance of pathogens in the
swab samples. Greater bacterial diversity was observed in animals housed
outdoors when compared with animals housed in crates, corroborating our initial
hypothesis, along with a higher prevalence of Enterobacter and Klebsiella in
animals housed in crates when compared to outdoor housed animals. Salivary
cortisol results suggested that LPS’s challenge did not compromised animal’s
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hypothalamic-pituitary-adrenal axis (HPA), maybe due the estrus period. We
demonstrated that LPS is effective inducing an increase in body temperature,
corroborating previous studies, modifying animals’ behavior. We demonstrated
that environmental complexity, as experienced by animals housed outdoor, could
indicate better welfare than indoor, barren group housing system and crates. We
showed that the housing system influences animals’ level of activity, with crated
animals being less active and performing more biologically irrelevant tasks. Our
data showed that keeping gilts in crates compromises their welfare.

Keywords: Cortisol. Housing systems. Lipopolysaccharide (LPS). Welfare.
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RESUMO
ALVES, L. Estresse pré-cópula altera a microbiota vaginal de fêmeas
suínas nulíparas. [Premating stress alters the vaginal microbiota of gilts]. 2019.
77 f. Dissertação (Mestrado em Ciências) – Faculdade de Medicina Veterinária
e Zootecnia, Universidade de São Paulo, São Paulo, 2019.

O período pré-cópula é frequentemente associado a um estresse intenso para
fêmeas suínas em sistemas de produção comercial, devido à mudança de
manejo, dieta, instalações, entre outros. Fêmeas suínas são mantidas em celas
no período pré-cópula, o que desafia seu bem-estar, ocorrendo a liberação de
cortisol, alterando sua fisiologia, modificando as respostas à dor, infecção, lesão
e resposta ao estresse. Uma exposição prolongada ao estresse pode suprimir o
sistema imunológico e aumentar a suscetibilidade a infecções, frequentemente
causadas por bactérias Gram-negativas que contêm em sua parece celular
lipopolissacarídeos (LPS). O papel da microbiota no eixo intestino-cerebral é
reconhecido em processos relacionados ao estresse, obesidade, transtornos
psiquiátricos, entre outros, sendo influenciados por fatores ambientais,
fisiológicos, genotípicos e sociais. A hipótese desse estudo é que a microbiota
vaginal seja alterada pelo estresse que a fêmea sofre durante o período de précópula e essa alteração compromete sua saúde e bem-estar. Neste trabalho,
investigamos as consequências do alojamento de 42 fêmeas suínas nulíparas
em celas (n=14), baia coletiva (n=14) e ao ar livre (n=14), portanto em três
diferentes sistemas de alojamento, no período pré-cópula. Metade dos animais
foram desafiados com a inoculação de lipopolissacarídeos (LPS), no dia do estro,
simulando

uma

condição

inflamatória.

Medidas

de

cortisol

salivar,

comportamento, microbiota vaginal, temperatura e suabes post-mortem foram
coletados. Nossos dados indicam que o alojamento pode modular o
comportamento e fisiologia, influenciando na forma como os animais lidam com
um desafio de LPS, que induz um aumento de temperatura, interferindo assim
em seu bem-estar. Propomos que o sistema de alojamento em baia coletiva,
sendo um ambiente pobre e confinado, devido ao ambiente físico e social, foi
mais favorecido para o aparecimento de patógenos nas amostras de suabes. Foi
observado uma maior diversidade bacteriana nos animais alojados ao ar livre
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quando comparados com animais alojados em cela, corroborando nossa
hipótese inicial, juntamente com uma maior prevalência de Enterobacter e
Klebsiella em animais alojados em cela quando comparados com animais
alojados ao ar livre. Os resultados de cortisol salivar sugeriram que o desafio
com LPS não comprometeu o eixo HPA dos animais, talvez por ter sido realizado
no período do estro. Nós demonstramos que o LPS é eficaz para induzir um
aumento da temperatura corporal, corroborando estudos anteriores, modificando
o comportamento dos animais. Nós demonstramos que a complexidade do
ambiente, como experimentada pelos animais alojados ao ar livre, pode indicar
um melhor bem-estar que o sistema de alojamento em baia coletiva e celas,
pobre e confinado. Nós demonstramos que o Sistema de alojamento influencia
o nível de atividade do animal, com os animais alojados em cela sendo menos
ativos e apresentando mais atividades biologicamente irrelevantes. Nossos
dados mostram que manter marrãs em celas compromete seu bem-estar.

Palavras-chave: Bem-estar. Cortisol. Lipopolissacarídeo (LPS). Sistemas de
alojamento.
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1.

INTRODUCTION
The period preceding mating or insemination is often stressful for sows

kept in commercial farms. During estrous detection and early pregnancy, most
sows are kept in crates, which influence stress indicators and compromise their
welfare (BROOM; MENDL; ZANELLA,1995). This management procedure is
allowed in many countries, including under European legislation (Directive
2008/120/EC) which bans keeping sows in rigorous continuous confinement. This
directive also guides other aspects related to swine production and animal
welfare.
Scientific evidence indicates that aversive environment in the gestation
period can cause stress in the female causing cognitive and emotional disorders
in the offspring (CHARIL et al., 2010; GLOVER, 2011; GREEN et al., 2011;
COULON et al., 2013; GLOVER, 2014; BAXTER et al., 2016), which can
compromise animal health, welfare and productivity. Although pre-mating period
is known to be very challenging to sows, the possible effects of stress in this
period is not fully elucidated. The mechanisms by which gestational stress and
cognitive disorders in the offspring are established remain partially unknown, but
activation of the hypothalamic-pituitary-adrenal axis (HPA), with consequent
release of glucocorticoids, has been implicated in recent publications (COULON
et al., 2013; JASAREVIC et al., 2015; BUFFINGTON et al., 2016; KELLY et al.,
2016), being this axis responsible for the response to the stimuli of pain, stress,
injury or infection.
When

the

organism

fails

to

adapt

with

environmental/psychological/biological challenges, it can be said that that
individual is under stress (SOARES; ALVES, 2006). The stress response involves
the release by the hypothalamus of corticotrophin-releasing hormone (CRH), that
stimulates the release of adrenocorticotrophin (ACTH) by the hypophysis and
actives the adrenal cortex releasing glucocorticoids to the blood stream, which
will trigger a response to that stressor. In mammals, except rodents, cortisol is
the glucocorticoid involved in stress response, and cortisol can pass through the
placenta reaching the fetus (MOLENAAR et al., 2019; ENLOW et al., 2019;
ROELOFS et al., 2019; GRAHAM et al., 2019).
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This stress response can be measure by some indicators: the hormones
involved in this process (cortisol, ACTH), the individual behavior that can changes
to cope with the stress, body temperature, or even the microorganisms population
that can be found in certain ecosystem in that individual (as oral, gut or vaginal
microbiome).
There are reports of the role of the microbiota, particularly of the bacterial
population, in stress-related processes and even modulating the gut-brain axis
and HPA (DINAN; CRYAN, 2012; FOSTER; NEUFELD, 2013; JASAREVIC et
al., 2015; LUNA; FOSTER, 2015; KELLY et al., 2016; KENNEDY et al., 2016).
The microbial community present in an individual can be modulated by factors
such as environment, physiology, genotype and social relations (ARCHIE;
THEIS, 2011). Within this context, it is likely that stressful situations can modify
this microbiota influencing the resistance to pathogens and the very response to
situations of challenge (ARCHIE; THEIS, 2011).
We hypothesized that different housing systems offer different degrees of
challenge to the animals and can modify their health and welfare. One of these
indicators can be vaginal microbiota, which is the first repository of bacteria and
other agents that colonize the digestive tract of the newborn animals in normal
labor, that is altered by the stress that the female encounters during the preestrus period. For this, the model proposed in this study is housing gilts in premating and embryo pre-implantation period in i) crates, ii) indoor group housing
and iii) outdoor, therefore, three different housing systems that offer different
degrees of challenges to animal welfare, together with the simulation of an
infectious condition by LPS (lipopolysaccharides) intravenous inoculation, during
the day of estrus.
In humans, recent research has shown the relationship between
microbiota and stress (DINAN; CRYAN, 2012; REA; DINAN; CRYAN, 2016),
obesity (FINUCANE et al., 2014), psychiatric disorders (KELLY et al., 2016),
urogenital infections (WHITE et al., 2011), among others. Such evidence
reinforces the need for an experimental model with the biological processes
comparable to humans, and the swine model is very promising, considering the
level of complexity of the nervous system and a wide morphological and
physiological similarity with humans (JARVIS et al., 2006; OTTEN et al., 2010).
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High level and long exposure to stress can suppress the immune system
increasing susceptibility to infections, mainly caused by Gram-negative bacteria
(e.g. Salmonella typhimurium and Escherichia coli), that have on their cell
membrane lipopolysaccharides (LPS). Several studies in mammals have used
LPS challenge to replicate the effect of diseases, which generate inflammatory
responses in several systems (DANEK; ZUREK, 2014), including impact in the
microbiota. Henrique et al. (2017) inoculated LPS in pregnant ewes to study
physiological, behavioral and productive responses in lambs. Henrique et al.
(2017) study demonstrated that pregnant ewes inoculated with LPS had higher
cortisol levels than control group. Negative outcomes for lambs were observed
regarding productive performance parameters and welfare outcomes. Just a few
studies have attempted to elucidate the effect of challenges with LPS on animal
reproductive functions, particularly on factors that modulate fetal programming
(DANEK; ZUREK, 2014).
There are reports of embryonic death, abortion, preterm birth and stillbirth
associated with challenge with LPS in several species (SCHLAFER et al., 1994).
These effects vary between the gestational period at the time of application and
the species of both the animal that will receive the endotoxin and the bacteria
from which the LPS was extracted (HARPER; SKARNES, 1972; SKARNES;
HARPER, 1972; WRATHALL et al., 1978; FREDRIKSSON; KINDAHL;
EDQVIST, 1985; CORT, 1986; SHALABY et al., 1989; SILEN et al., 1989; GIRI
et al., 1990; SCHLAFER et al., 1994; ALEXANDER; IRVINE, 2002).
1.1.

OBJECTIVES

1.1.1. General objective
To assess the consequences of housing gilts in crates, indoor group
housing and outdoor to their health and welfare.
1.1.2. Specific objectives
•

To measure animal’s salivary cortisol in crates, indoor group housing and

outdoor throughout ten consecutive days;
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•

To assess animal’s behavior in crates, indoor group housing and outdoor

throughout ten consecutive days;
•

To evaluate animal’s vaginal microbiota in crates, indoor group housing

and outdoor throughout ten consecutive days;
•

To verify changes in salivary cortisol, behavior and vaginal microbiota from

animals housed in crates, indoor group and outdoor due a challenge with LPS.
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2. LITERATURE REVIEW
2.1. FARM ANIMALS
As the handbook from Universities Federation for Animal Welfare (UFAW,
2011) states, farming has a purpose of use land and its resources to produce
food. This is the responsibility of farmers, whom must know and consider what
consumers want and what the animals need. Originally animal production was
operated in small scale, where animals were kept in a more natural environment
and handled by fewer people. Small scale farming changed to more intensive
systems as a result of the need to produce more and more food over the years.
Recently consumers began to question some of the intensive systems and
demanded that farmers improved the ways that animals are treated. As proof we
have the appearance of companies that certifies products that meets the
demands of animal welfare (CERTIFIED HUMANE BRASIL, 2019).
Broom, Mendl and Zanella (1995) demonstrated that keeping sows in
crates, as commonly observed in intensive system, did increase stress indicators
and compromised their welfare. However, the real challenge is to reconcile
animal’s welfare needs, labor and monetary needs, environmental preservation
needs, and people needs of food to be affordable, safe and high-quality products
(UFAW, 2011).
This area becomes more important with the prediction of world´s
population reaching around 9 billion in 2050 and the climate changes that is likely
to modify food production scenario, farming having a big role in it (IFPRI, 2010).
2.1.1. Housing systems for sows
As indicated by Hartog, Backus e Vermeer (1993) the housing systems for
sows must meet some animal´s and producer´s requirements and can differ in
management, feeding, among other factors.
When crates were questioned on the basis of the challenges to the welfare
of the animals, several group housing systems were developed, and producers
adapted them according to their needs and limitations. Some of them are group
feeding system (sows are fed simultaneously but not individually) and
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simultaneous

feeding

system

with

free-access

stalls

(sows

are

fed

simultaneously and individually) (HARTOG; BACKUS; VERMEER, 1993).
Housing consequences for the animals can differ also according with the
productive period of the animals. Kubasova et al. (2017) studied the differences
in gut microbiota from pregnant sows, and their piglets, kept in conventional pens
with slatted floor and in enriched pens with a floor covered with straw, and found
significant differences of bacterial genus in both treatments where sows from
enriched

system

had

higher

Prevotella,

Parabacteroides,

CF231,

Phascolarctobacterium, Fibrobacter, Anaerovibrio and YRC22 presence and
lower Lactobacillus, Bulleidia,

Lachnospira,

Dorea,

Ruminococcus and

Oscillospira than conventional pen housed sows. Grimberg-Henrici et al. (2018)
in the other hand, studied lactating sows in free-farrowing pens group housed or
single housed due piglets pre-weaning mortality. They found that group housed
sows had higher piglet losses than single housed sows, which is in accordance
with other studies that indicates mortality rates between 22-34%. However, as
indicated by the authors, other studies had lower losses (around 11-18%) with
different pen conformation.
Each chosen system brings different consequences for animals and
humans and can impact their welfare as well. Previous work demonstrated that
keeping sows in crates compromised their welfare and increased stress
indicators (BROOM; MENDL; ZANELLA, 1995). As a result of the research work,
Europe did banish gestation crates for sows (Directive 2008/120/EC) but not in
the estrous detection and early pregnancy periods.
The process to legislate how sows should be housed motivated several
studies, but we still don´t have “the perfect system” (BARNET et al., 1984;
HARTOG; BACKUS; VERMEER, 1993; BROOM; MENDL; ZANELLA, 1995;
GROENESTEIN et al., 2001; MCGLONE et al., 2004; SPOOLDER et al., 2009;
CHAPINAL et al., 2010; RIOJA-LANG; HAYNE; GONYOU, 2013; HORBACK;
PIERDON; PARSONS, 2016).
2.2.

ANIMAL WELFARE
From chickens to cattle, intensive systems began to be questioned after

Ruth Harrison published the iconic book “Animal Machines” (1964). After that, in
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1965, the Brambell Committee published the “Five freedoms” that guided animal
welfare analyses, legislation and recommendations from that period onwards.
Later, the Farm Animal Welfare Council (FAWC) was created in the UK, in 1979,
and started to review issues in animal welfare, advising the government and
making changes when needed (FAWC, 2010). From time to time FAWC
publishes a report that examine farm animal welfare progress in Great Britain and
give visibility to important developments. The “Five freedoms”, as updated by
FAWCs report (2010, p. 02), are:
1) Freedom from hunger and thirst, by ready access to water and a diet
to maintain health and vigor;
2) Freedom from discomfort, by providing an appropriate environment;
3) Freedom from pain, injury and disease, by prevention or rapid
diagnosis and treatment;
4) Freedom to express normal behavior, by providing sufficient space,
proper facilities and appropriate company of the animal’s own kind;
5) Freedom from fear and distress, by ensuring conditions and
treatment, which avoid mental suffering.

With the advance of animal welfare science, this basics concepts started
to be criticized due the fact that it takes into consideration only negative aspects
of welfare becoming more complex it´s assessment. Nowadays just attending the
“Five freedoms” are not enough to consider the welfare of animals, as these
sentient creatures deserve a “Life worth living”, embracing quality of life, their
mental states and emotions in the new approach.
2.2.1. Animal welfare indicators
Assessing animal welfare is not an easy endeavor, once this evaluation
can be complex, and involves the use of a wide range of quantitative and
qualitative indicators. The consensus is that combination some indicators is more
likely to give an accurate, precise way to assess animal welfare.
Welfare indicators can be generally of two types: demonstrate that the
individual failed coping with the environment (mortality, delay on reproduction,
lower survival rate); and indicates the involved effort and the range of attempts to
cope (sickness, reduced offspring, lower growth rate, abnormal behavior)
(BROOM, 1986). Some examples are: heart and respiratory rate, behavior,
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adrenal hormones in the blood, such as cortisol, disease prevalence. However,
we must be aware that those indicators change according with species and other
specific parameters.
The hormone cortisol, released by the cortex of the adrenal gland, is one
of the most widely used animal welfare indicator. This glucocorticoid is the final
product of hypothalamus-pituitary-adrenal (HPA) axis activation and is associate
with stress (HALL, 2012). HPA activation due an adverse situation is important to
allow the individual to respond correctly towards danger, for example. Moreover,
a chronic exposure to cortisol can cause behavioral and physiological changes
increasing animal’s susceptibility to disease (WIEPKEMA; KOOLHAAS, 1993).
One of the protocols to simulate a disease in animals is using
lipopolysaccharide (LPS) challenge. LPS is an endotoxin present in the cell wall
of Gram-negative bacteria (such as Escherichia coli and Salmonella sp.)
(MORRONE, 2016; HENRIQUE et al., 2017). The response to LPS challenge
can vary according with the species of the animal studied, the bacteria species
that LPS was extracted from, the concentration used and the gestational period
of the animal (HARPER; SKARNES, 1972; SKARNES; HARPER, 1972;
WRATHALL et al., 1978; FREDRIKSSON; KINDAH; EDQVIST, 1985; CORT,
1986; SHALABY et al., 1989; SILEN et al., 1989; GIRI et al., 1990; SCHLAFER
et al., 1994; ALEXANDER; IRVINE, 2002). LPS can cause abortion, so that´s an
important fact to consider when designing an experiment (DANEK; ZUREK,
2014).
In pigs LPS has been used for example to study female reproductive
system (BIDNE et al., 2016), but more commonly to induce inflammation and then
verify the serum concentration of proteins (DEAVER et al., 2016) or investigate
respiratory infections (WALTER et al., 2019), or even identify protein biomarkers
of inflammation-associated pain (MYERS; DEAVER, 2019).
There are scientific evidences that the effects of the stress suffered by a
pregnant animal can cross the placental barrier and affect offspring´s cognition
and physiology (COULON et al., 2013; JASAREVIC et al., 2015; BUFFINGTON
et al., 2016; KELLY et al., 2016). Kapoor and Matthews (2008) found sex-related
differences in behavior and cortisol response of stressed-female’s offspring of
guinea pigs. Moisiadis et al. (2017), studying guinea pigs, demonstrated that prenatal exposure to glucocorticoids can modify stress response and behavior for
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subsequent generations according with maternal or paternal transmission.
Moreover, these effects are not linear, they are complex and multifactorial
requiring in-depth studies (MCGOWAN; MATTHEWS, 2018).
2.3.

MICROBIOTA
Microbiome assessment has been used to map and compare microbial

community among many environments and hosts due they role in physiological
and developmental processes, such as influencing brain and immune system
(MOLONEY et al., 2014). The role of microbiota in stress-related processes and
even modulating the gut-brain and HPA axis have been studied recently (DINAN;
CRYAN, 2012; FOSTER; NEUFELD, 2013; JASAREVIC et al., 2015; LUNA;
FOSTER, 2015; KELLY et al., 2016; KENNEDY et al., 2016). The microbial
community can be modulated by factors such as environment, physiology,
genotype and social relations (ARCHIE; THEIS, 2011). Thus, stress situations
can modify microbiota influencing the resistance to parasites and pathogens and
the animal’s response to situations of challenge (ARCHIE; THEIS, 2011).
Many studies have been conducted recently assessing microbiome, for
example with heat stress and fecal microbiome changes in laying hens (ZHU et
al., 2019), microbial infections and how stress related hormones can influence it
(SARKODIE et al., 2019), what implications on childhood health the intestinal
microbiota could cause (ZHUANG et al., 2019), the fish gut microbiome response
to crowding stress (DU et al., 2019), and characterization of microbiota from
nursery pigs associated with mucosa and digesta (ADHIKARI; KIM; KWON et al.,
2019). Others have shown the relationship between microbiota and stress
(DINAN; CRYAN, 2012; REA; DINAN; CRYAN, 2016), obesity (FINUCANE et al.,
2014), psychiatric disorders (KELLY et al., 2016), urogenital infections (WHITE
et al., 2011), among others.
It was also found that maternal vaginal microbiota, which is the first contact
between the offspring with bacteria through the birth canal, could influences the
offspring behavior (BUFFINGTON et al., 2016). Changes in vaginal microbiota
were initially discovered in women who delivered preterm and women who
delivered fullterm (CROSBY et al., 2019), and the microbiota is correlated with
vaginal dysbiosis and others reproductive issues (SINGER et al., 2019).
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In pigs, microbiome assessments have been used do address problems in
relation to feeding composition and management issues, such as mycotoxins and
their alteration in the caecal community (DANG et al., 2019), dietary protein
sources and it’s impact in fecal microbiome metabolic fingerprints and
cardiovascular risk (SCHUTKOWSKI et al., 2019), the use of crude fibers and the
changes in fecal microbiome and hormones in pregnant sows (JIANG et al.,
2019). Piglets gut microbiota have been characterized in order to identify new
strategies to improve gastrointestinal health welfare and growth (GUEVARRA et
al. 2019). Maltecca et al. (2019) used in their study fecal microbiota measures to
predict growth and carcass traits in crossbred pigs and found that with the
inclusion of microbiome data in the models tested, the prediction accuracy
increased significantly and had difference according with the growth period.
As we can observe, microbiota studies are mostly involving gut/fecal
microbiota due its impact on individual development and potential interference in
physiological/behavioral parameters. However, vaginal microbiota is as important
as gut microbiota once it is the first newborn contact with microbes that will
inhabits its organism. Nowadays authors are studying vaginal microbiome from
women in several different situations: i.e. in women with primary Sjögren’s
syndrome-associated vaginal dryness (VAN DER MEULEN et al., 2018), or with
endometrial/cervical/vulvar cancer before and after radiation (BAI et al. 2019).
However, when looking for female pig’s vaginal microbiota, we can find mostly
studies with guinea pigs (Cavia porcellus) and just few with domestic pig (Sus
scrofa) (SCHACHTSCHNEIDER et al., 2013; SINGH; EBIBENI, 2016;
KWAWUKUME, 2017; WANG et al., 2017) but none of them addressing animal’s
welfare and vaginal microbiota.
2.3.1. Microbiota assessment
New molecular protocols available to assess microbiota population,
involves faster and robust technique such as next-generation sequencing (NGS).
Non-Sanger-based sequencing technologies appeared in 2005 with the
promise of sequencing DNA at high speed, thus enabling scientific achievements
in biological field never seen before (SCHUSTER, 2008). Generating an
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enormous data bank, this approach is able to read hundreds of par-of-basis (bp)
and sequencing the complete genome.
The first studies applying NGS revealed the microbial community of a deep
mine (EDWARDS et al., 2006), marine virus from different oceans (ANGLY et al.,
2006) and a biosphere of deep sea (SOGIN et al., 2006). In order to characterize
bacterial population emerged the science of metagenomics, term used to
describe an analysis sequenced-based of collective microbial genome from
environmental samples (RIESENFELD; SCHLOSS; HANDELSMAN, 2004).
One of NGS methods is that targeting a conserved ribosomal RNA gene
(16S rRNA) that is present in the major bacterial groups. It can identify microbial
diversity by extracting DNA, cloning it, transforming into a host bacterium,
targeting 16S rRNA, randomly sequencing and analyzing data (RIESENFELD;
SCHLOSS; HANDELSMAN, 2004).
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Abstract
Housing systems for sows have being an important area for research over the
past 30 years. Even with the new legislation prohibiting the use of gestational
crates in Europe, the animals are still allowed to remain in this system before
mating, a very stressful period for sows. A prolonged exposure to stress can
suppress the immune system and make the animals more susceptible to
infections, that are often caused by Gram-negative bacteria which have
lipopolysaccharide (LPS) in their cell wall. The main objective of this study was
to assess the consequences of housing gilts in gestational crates, indoor group
housing and outdoor systems, on their welfare. The experiment was carried out
on 10 consecutive days (D1 to D10) with 42 crossbreed gilts housed in three
different systems: crates (n=14), outdoor (n=14) and indoor group housing
(n=14). During estrous, 18 animals (n=6 per housing system) were challenged
intravenously with LPS (2µg/kg) whereas 24 animals (n=8 per housing system)
were given sterile saline solution. Data collected included twice daily salivary
cortisol measurement (AM and PM) and behavioral observation for five days prior
and for four days after estrous. Regarding cortisol, it was found no difference in
AM or PM collections for crate and indoor group housed animals (p<0.05) after
the housing, indicating that both housing systems were challenging. However,
outdoor animals differ from indoor grouped animals in AM collection (p=0.03)
showing lower cortisol levels and did not differ from cortisol levels of crate
animals. LPS challenge did not had effects in cortisol levels for any housing
system in AM (p=0.429) or PM collection (p=0.96). Regarding behavior
assessment, animals housed in crates presented less activity, were more alert
(p=0.001) and vocalized more than others (p=0.001). The challenge did not have
an effect in their behavior. We demonstrated that barren group housing system
may pose challenge to gilts once some of their welfare outcomes were very
similar to crated housed gilts. However, clearly keeping gilts in crates
compromised their welfare.
Keywords: behavior, cortisol, group housing, lipopolysaccharide (LPS).
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1. INTRODUTION
The period preceding mating or insemination is often stressful for sows
kept in commercial farms. During estrous detection and early pregnancy, most
sows are kept in crates, which is known to compromises their welfare (BROOM;
MENDL; ZANELLA, 1995). This management procedure is even allowed under
European legislation (Directive 2008/120/EC) which bans keeping sows in
rigorous continuous confinement. This contrast to what was proposed to be
considered good “Animal Welfare” through Brambell Committee in 1965 once it
not meets animal biological needs. Pigs (Sus scrofa) are very social animals and
have a wide behavior repertoire which means that keeping them in confinement
in barren environments could become a challenge and also be consider as a
stressful condition (MORGAN; TROMBORG, 2007).
We hypothesized that restrictive housing prior to mating exacerbates the
impact of a challenge on cortisol and behavior, compromising animal welfare. To
test our hypothesis, we assessed cortisol that is a hormone involved on stress
response, as well as behavior. These are some of the, often, used indicators to
measure animal stress. However, is important to determine what is normal for
each animal in order to identify changes that might be stress related.
To simulate a disease, we used LPS (lipopolysaccharides), that are
components of the bacterial cell wall that triggers an inflammatory response in
the animal. Also called as endotoxins, LPS has been used to meet different
purposes in many species (HARPER; SKARNES, 1972; SKARNES; HARPER,
1972; WRATHALL et al., 1978; FREDRIKSSON; KINDAHL; EDQVIST, 1985;
CORT, 1986; SHALABY et al., 1989; SILEN et al., 1989; GIRI et al., 1990;
SCHLAFER et al., 1994; ALEXANDER; IRVINE, 2002; MORRONE, 2016;
HENRIQUE et al., 2017).
The main objective of the study was to assess the consequences of
housing gilts in gestational crates, indoor group housing and outdoor systems, on
their welfare.
2. MATERIALS AND METHODS
2.1 Animals
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The experiment was carried in an experimental pig farm at the Campus
Fernando Costa, University of São Paulo, Pirassununga, Brazil, upon approval
of the Ethics and Animal Use Committee (CEUA) at the School of Veterinary
Medicine and Animal Science (FMVZ) of the University of São Paulo (USP) under
the number 3902100816.
Forty-two crossbred gilts between 223-275 days old, divided in two
experimental blocks, were randomly balanced for initial body weight and
parentage across six treatment groups. The animals were kept outdoors,
separately in their respective treatment group, with about 2300m2 of land
available prior to the final treatment allocation. All animals received 2kg of the
same commercial diet divided in two moments 7:00 am and 4:00 pm, 50% of the
amount in each period, and water was offer ad libitum. The diet was composed
by 70.0% of corn, 28.0% of soybean meal and 2.0% of vitamin-mineral premix.
The reproductive cycle of the gilts was synchronized with a synthetic
analogue for progesterone named Altrenogest (REGUMATE®, MSD Saúde
Animal) using 5 ml per animal per day, for eighteen days, mixing it with the first
feed of each day, according to the supplier recommendation. Estrus was
diagnosed using a mature boar (more than 18 months old). To minimize the
possible side effects of Altrenogest on the experimental measures, animals were
not tested in their following estrus after synchronization, and the experiment was
conducted in the second estrus cycle post the withdrawal of the Altrenogest.
2.2 Experimental design
The experiment was designed as a factorial 3 x 2 and carried out during
10 consecutive days, being the first two days a basal collection period before the
animals were assigned to each treatment (Figure 1). Two days after the beginning
of the experiment the gilts were housed in crates (C) (n=14), outdoor (O) (n=14)
and group housing (GH) (n=14) systems, where they stayed prior and post
estrous detection. During estrous, eighteen animals (n=6 per housing system)
were challenged intravenously with LPS (E. coli O111:B4, SIGMA ALDRICH®,
2µg/kg) (C-L; GH-L; O-L) whereas 24 animals (n=8/housing system) were given
saline (C-S; GH-S; O-S). In order to identify the animals, in addition to the ear
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tag, a number was drawn in their back. As LPS can cause abortion, we chose to
use this inflammatory agent in the period prior to mating in order to minimize the
harmful effects to the animals but allowing the treatment to have an impact on
cortisol and behavior.

Figure 1 – Timeline of the experiment and analyses performed in relation to age.

The O animals had around 2300m2 to explore, which included a concrete
pen with 6.7 m wide by 4.4 m long and 9 individual feeding stalls (1.8m x 0.55 m)
with a nipple drinker in each stall, with ad libitum access to water. The GH animals
were kept in a pen with 6.7 m wide by 4.4 m long, giving 3.3m 2/sow, and 9
individual feeding stalls (1.8m x 0.55 m) with a nipple drinker in each stall, with
ad libitum access to water. The C animals were housed in crates with 1.8 m wide
and 0.55 m long with a nipple drinker and ad libitum access to water. The feeders
and pens of all housing systems were built of concrete. During feeding time, all
animals of all treatments were confined in the stalls to facilitate handling and to
avoid fights, assuring equal access to the diet. The pens and stalls areas had
rubber mat to prevent lameness due the abrasiveness of the floor.
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2.3 Sample collection
2.3.1 Salivary cortisol
Saliva samples were collected twice daily to asses salivary cortisol levels
(6:00 AM and 6:00 PM). The protocol was based in Siegford, Rucker and Zanella
(2008) using two hydrophilic rolled cotton tied together with dental floss and
presented to each animal. The first sample was discarded in order to obtain fresh
saliva. When the second sample was saturated with saliva, it was stored using at
15mL tubes in -20oC. Further processing, prior to the assay, the samples were
slowly thawed and centrifuged at 1.000xg speed for 10 minutes, the supernatant
were collected and stored at 1.5mL microtubes in -20ºC until the day of analysis.
To measure cortisol in the samples we used a competitive Enzyme Immune
Assay (EIA) based on Palme e Möstl (1997), with modifications developed by
Cooper, Trunkfield and Zanella (1989), carried out in the Center for Comparative
Studies in Sustainability, Health and Welfare’s laboratory (CECSBE), Campus
Fernando Costa, FMVZ, USP, Pirassununga, Brazil. Confidence level of 95% for
the assay and a covariation percentage under 15% were considered.
Basal collection saliva (D1 and D2) were polled before the analysis
respecting each animal and each housing group.
In order to identify the effects of housing systems, cortisol data from D3,
D4 and D5 were polled in the statistical analysis.
To identify the effect of LPS challenge on salivary cortisol data from D7,
D8, D9 and D10 were polled in the statistical analysis.
As for the data collected on the LPS challenge day (D6), we removed it
from the analysis.
2.3.2 Behavior assessment
Behavioral data were collected through directly observation in the 10 days
of experiment. Each animal was observed focally and continuously (MARTIN;
BATESON, 2007) three times for two uninterrupted minutes, one hour before and
one hour after feeding, totalizing four observation periods per day (total of 24
min/animal/day). Eight trained observers, based on the selected behaviors (Table
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1), were taking turns between the treatments during each period of observation.
Behavior protocol was developed based in Zonderland et al. (2004) and the
behaviors definition can be found below.
Table 1– Behavior definitions used do assess gilt´s welfare (ethogram)
Category/Type of behavior
Posture
Alert
Kneeling
Lying ventrally
Sitting
Standing
Activity
Vocalizing (E)
Teeth-grinding (E)
Chewing the rubber mat
Rooting the rubber mat

Description

Type

Suddenly standing, lying or
sitting still with the ears more or
less up
Front legs bent, hind legs
stretched vertically
Lying on the belly with all legs
under the body
Body supported by the front
legs, hind legs and bottom ﬂat
on the ground
Body supported by four legs,
with or without stamping

Duration

Sound made by the animal
Audible grinding of teeth,
moving the lower jaw
horizontally
Chewing the rubber mat with it
partially or entirely in the
animal’s mouth
Rooting the rubber mat with the
snout

Frequency
Frequency

Sham-chewing with the tongue
repetitively out of the mouth
Continuous chewing while no
feed or substrate is present in
the mouth
Shaking the head from side to
side
Repeatedly seeking food with
the rooting disc inside the empty
feeder

Frequency

Fight, biting or interacting
aggressively with another animal
Licking another animal, nose-tonose touching
Pushing another animal in an
aggressive way
Rubbing the body against a
surface or another animal and/or
scratching
Repeatedly rooting with the
snout the belly of another animal

Frequency

Duration
Duration
Duration
Duration

Duration
Duration

Abnormal behavior
Tongue-playing
Sham-chewing
Shaking head
Rooting empty feeder

Frequency
Frequency
Duration

Interaction
Aggressive behavior
Friendly interaction
Pushing (E)
Grooming
Belly-nosing

Frequency
Frequency
Duration
Frequency

Adapted of Zonderland et al. (2004)
Subtitle: E – behaviors assessed by event.

Basal collection data (D1 and D2), before housing animals in each system,
were polled in the statistical analysis.
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To identify the effects of the housing system, behavior data from D3, D4
and D5 were polled in the statistical analysis.
To identify the effect of LPS challenge on the behavior, data from D7, D8,
D9 and D10 were polled in the statistical analysis.
In agreement to what was stated on the salivary cortisol data, the LPS
challenge day (D6) was very different than the rest of the days, and as a resulted
we excluded this data from the analysis.
2.4 Statistical analysis
The data were compared across the treatments and the duration of the
experiment. Comparisons of normality were performed by the one-way analysis
of variance (ANOVA) with the Bonferroni post-hoc test for multiple comparisons.
The nonparametric test for discrete variables and non-normal continuous
variables was Kruskal Wallis rank test. Normality was determined by ShapiroWilk test. A confidence level of 95% was used to considered test results
statistically significant.
Comparisons between AM and PM cortisol data were performed using the
Wilcox test for paired samples.
3. RESULTS
The data were compared across all treatments and throughout all the time.
3.1 Cortisol levels
3.1.1 Basal data
We assessed the base line of cortisol for each group before the housing
systems. Basal data from cortisol have shown no difference between animals
prior to the allocation to the experimental groups (Table 2). Thus, we found a
difference between AM and PM collections, as expected to see in a normal
circadian rhythm with higher cortisol level in the morning and decreased levels
throughout the day, for GH gilts but not for O and C gilts (Fig. 2).
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Table 2 – Mean differences in cortisol values (pg/50µl) between groups before housing
Crates
AM cortisol
PM cortisol

Indoor group housed

Outdoor group housed

p value

150.53 (69.35)

146.6 (93.96)

0.291

42.59 (36.67)

60.85 (38.40)

101.29 (98.92)

0.099

0.241

0.001

0.090

108.16
(85.63)

p value of the
difference
between AM
and PM
Value in parenthesis is the Standard Deviation (pg/50µl).

Figure 2 – Salivary cortisol measures (pg/50µL) on basal collection. Measures per housing
system and by collection time (AM or PM). The different letters among experimental groups
represent statistic differences. In the x axis, the letters are correspondents to the housing system
(O, GH or C). The y axis represents cortisol concentrations (pg/50µL).

3.1.2 Effects of housing systems on cortisol
The effects of housing system on salivary cortisol was assessed grouping
data from D3, D4 and D5 (Table 3).
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Table 3 – Mean differences in cortisol values (pg/50µl) between groups after housing
Crates
AM cortisol
PM cortisol

Indoor group housed

Outdoor group housed

p value

191.60 (130.17)

99.85 (112.36)

0.003

67.70 (49.13)

71.64 (75.17)

63.91 (92.03)

0.483

0.004

0.001

0.090

146.79
(121.39)

p value of the
difference
between AM
and PM
Value in parenthesis is the Standard Deviation (pg/50µl).

On AM collection we observed a difference between GH and O gilts,
where GH gilts had higher cortisol levels than O gilts. However, O and C gilts had
no difference, as well as GH and C gilts (Fig. 3).
No difference was found between groups on PM collection time.
We also found a difference between AM and PM collections in GH and C
animals, but the same was not found in O animals.

Figure 3 – Salivary cortisol measures (pg/50µL) after housing. Measures per housing system and
by collection time (AM or PM). The different letters among experimental groups represent statistic
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differences. In the x axis, the letters are correspondents to the housing system (O, GH or C). The
y axis represents cortisol concentrations (pg/50µL).

3.1.3 LPS challenge effect
Responses to LPS challenge and housing system on salivary cortisol was
assessed grouping data from D7, D8, D9 and D10 (Table 4).
Table 4 – Mean differences in cortisol values (pg/50µl) between groups after challenged with
LPS or saline solution
Crates

AM cortisol

PM cortisol

Indoor group
housed

Outdoor group housed

LPS

Saline

LPS

Saline

LPS

Saline

126.57

155.25

100.47

161.75

123.39

126.59

(56.94)

(66.18)

(21.93)

(73.42)

(65.75)

(50.48)

63.37

63.81

55.07

80.65

67.12

54.74

(30.86)

(34.24)

(27.52)

(56.59)

(52.34)

(33.19)

0.093

0.007

0.061

0.054

0.062

0.039

p value

0.429

0.96

p value of the
difference
between AM
and PM
Value in parenthesis is the Standard Deviation (pg/50µl).

No difference was found in salivary cortisol between LPS-challenged
animals (L) and non-challenged animals (S) in each housing system in AM or PM
collections (Fig. 4). The same occurred across housing systems for challenged
animals in AM an PM collections. We also didn’t find any significant difference
between treatments for non-challenged animals in both AM and PM collections.
However, between AM and PM collections, it was observed a difference in all
housing systems for salivary cortisol in non-challenged animals, but no difference
was found on challenged animals. Overall LPS challenged animals did not show
the expected circadian cortisol pattern.
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Figure 4 – Salivary cortisol measures (pg/50µL) after LPS challenge. Measures per housing
system, by collection time (AM or PM) and subdivided between challenged animals (L) and nonchallenged animals (S). The different letters among experimental groups represent statistic
differences. In the x axis, the letters are correspondents to the housing system (O, GH or C). The
y axis represents cortisol concentrations (pg/50µL).

3.2 Behavioral assessment
3.2.1 Behavior data before housing
To assess behavioral differences between groups prior to the housing,
data from D1 and D2 were combined.
As expected, no differences were found prior to treatment allocation.
3.2.2 Housing systems impact on behavior
We assessed the impact of housing systems on behavior combining data
from D3 D4 and D5 (Table 5).
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Table 5 – Differences on housing response in behavior assessments (seconds) between groups
Crates
Lying ventrally

64.55
(29.81)

Rooting empty

6.58

feeder

(13.48)

Rooting the
rubber mat
Standing
Alert
Vocalization

1.59 (2.67)
28.77
(24.60)
42.14
(15.03)
26.68
(25.27)

Indoor group housed

Outdoor group housed

p value

41.55 (25.28)

50.23 (28.49)

0.061

4.40 (7.74)

1.31 (3.67)

0.052

5.56 (6.98)

0.67 (1.59)

0.003

54.31 (31.68)

43.81 (25.43)

0.060

21.77 (11.94)

12.01 (6.76)

0.001

3.08 (2.79)

0.99 (0.39)

0.001

Value in parenthesis is the Standard Deviation (time in seconds).

Only animals housed in crates showed oral stereotypic behavior.
Our data showed a difference between housing systems in “lying ventrally”
behavior (p=0.061), where animals housed in crates (C) were lying ventrally more
than indoor group housed animals (GH), and outdoor housed animals (O) had no
difference when compared to C or GH animals, for the same behavior (Fig.5).
C animals also spent more time rooting the empty feeder than O animals
(p=0.052), and GH animals had no difference when compared with C or O
animals, for the same behavior (Fig. 6).
GH animals spent more time rooting the rubber mat than O gilts (p=0.03)
and C animals did not differ from neither other housing system for the time that
they rooted the rubber mat (Fig. 7).
GH animals spent more time standing than C animals (p=0.060) (Fig. 8)
whereas O animals did not differ from C or GH animals.
Crated gilts spent more time alert than GH and O gilts (p=0.001) (Fig. 9).
Also, C animals vocalized more than outdoor and indoor group housed
animals (p=0.001) (Fig. 10).
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Figure 5 – Lying ventrally behavior after housing. Behavior measure per housing system. The
different letters among housing groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

Figure 6 – Rooting empty feeder behavior after housing. Behavior measure per housing system.
The different letters among housing groups represent statistic differences. In the x axis the letters
are correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

37

Figure 7 – Rooting the rubber mat behavior after housing. Behavior measure per housing system.
The different letters among housing groups represent statistic differences. In the x axis the letters
are correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

Figure 8 – Standing behavior after housing. Behavior measure per housing system. The different
letters among housing groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

38

Figure 9 – Alert behavior after housing. Behavior measure per housing system. The different
letters among housing groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

Figure 10 – Vocalizing behavior after housing. Behavior measure per housing system. The
different letters among housing groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior events.
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3.2.3 Impact of LPS challenge on behavior according with the housing system
To assess this information, we combined behavioral data from D7 D8 D9
and D10 (Table 6).
Table 6 – Mean differences on behavior assessments (seconds) between groups after
challenged with LPS
Behavior

Crates

Indoor group
housed

Outdoor group housed

LPS

Saline

LPS

Saline

LPS

Saline

46.78

61.59

33.37

31.88

30.43

40.07

(13.28)

(15.24)

(13.35)

(7.95)

(12.68)

(11.78)

Rooting empty

16.16

9.22

7.42

8.35

1.12

feeder

(15.07)

(8.11)

(5.89)

(7.82)

(1.50)

Rooting the

1.68

3.01

5.18

4.50

1.39

rubber mat

(1.67)

(2.88)

(2.67)

(3.12)

(1.64)

Standing

59.76

38.27

72.76

80.27

(14.51)

(23.37)

(18.89)

23.98

26.79

(15.73)

Lying ventrally

Alert
Vocalization

p value

0.004

1.37 (2.25)

0.005

0.81 (2.18)

0.002

71.83

69.70

0.001

(9.43)

(19.01)

(13.01)

15.47

12.10

9.48

11.78 (9.51)

0.030

(9.71)

(9.65)

(10.41)

(5.45)

6.86

7.41

3.83

2.55

2.40

1.85 (1.38)

0.506

(4.62)

(8.06)

(3.79)

(1.81)

(0.94)

Value in parenthesis is the Standard Deviation (time in seconds).

LPS challenge did not appear to change the behavior of the experimental
animals, where no difference was found when comparing challenged and nonchallenged animals in all housing systems (Fig. 11). Nevertheless, nonchallenged crate housed animals stayed longer lying ventrally than O and GH
animals regardless the challenge. Challenged animals from O and C and GH
treatments, and non-challenged animals from O and GH treatments, did not differ
from each other.
No difference was found between LPS and Saline animals in their
respective housing system (Fig 12). However, crate housed animals challenged
with LPS spent more time rooting the empty feeder than outdoor animals,
regardless the challenge, and did not differ from GH-L and GH-S and C-S
animals. O and GH animals, regardless if they were challenged or not, and C-S
animals showed no differences.
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No difference was shown when comparing challenged or non-challenged
animals in all housing systems (Fig 13). Indoor group housed gilts challenged
with LPS were rooting the rubber mat more than outdoor non-challenged gilts and
no difference were observed among O-L, GH-L, GH-S, C-L and C-S animals.
It wasn’t found differences between LPS and Saline challenged animals in
each respective housing system, as well as no difference was found comparing
housing system between challenged and non-challenged animals (Fig. 14). Crate
housed non-challenged gilts spent less time standing than GH and O animals,
regardless the challenge, and the behavior did not differ from C challenged
animals.
Alert behavior had no difference between challenged or non-challenged
animals for their respective housing systems (Fig. 15). Nevertheless, nonchallenged C gilts were more alert than challenged O gilts, but had no difference
when contrasting O-S, GH-L, GH-S and C-L animals.
Regarding LPS challenge behavior changes, vocalizations had no
difference between groups (Fig. 16).

Figure 11 - Lying ventrally behavior after LPS challenge. Behavior measure per housing system
and subdivided between challenged animals (L) and non-challenged animals (S). The different
letters among groups represent statistic differences. In the x axis the letters are correspondents
to the housing system (O, GH or C). The y axis represents behavior duration (seconds).
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Figure 12 – Rooting empty feeder behavior after LPS challenge. Behavior measure per housing
system and subdivided between challenged animals (L) and non-challenged animals (S). The
different letters among groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).

Figure 13 – Rooting the rubber mat behavior after LPS challenge. Behavior measure per housing
system and subdivided between challenged animals (L) and non-challenged animals (S). The
different letters among groups represent statistic differences. In the x axis the letters are
correspondents to the housing system (O, GH or C). The y axis represents behavior duration
(seconds).
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Figure 14 – Standing behavior after LPS challenge. Behavior measure per housing system and
subdivided between challenged animals (L) and non-challenged animals (S). The different letters
among groups represent statistic differences. In the x axis the letters are correspondents to the
housing system (O, GH or C). The y axis represents behavior duration (seconds).

Figure 15 – Alert behavior after LPS challenge. Behavior measure per housing system and
subdivided between challenged animals (L) and non-challenged animals (S). The different letters
among groups represent statistic differences. In the x axis the letters are correspondents to the
housing system (O, GH or C). The y axis represents behavior duration (seconds).
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Figure 16 – Vocalizing behavior after LPS challenge. Behavior measure per housing system and
subdivided between challenged animals (L) and non-challenged animals (S). The different letters
among groups represent statistic differences. In the x axis the letters are correspondents to the
housing system (O, GH or C). The y axis represents behavior events.

4. DISCUSSION
4.1 Effect of the housing system on salivary cortisol
It was showed that, although housing systems for sows are changing for
group housing, the tested system was not good enough to meet their biological
needs. The effect of the housing systems on behavior and physiology was only
demonstrated after gilts were allocated on each different housing system. Gilts
from indoor group housing system and crates showed no difference between
them regarding cortisol levels, differently than we expected. This could indicate
that gilts were challenged by both housing systems, during the pre-mating period.
However, C gilts did not differ from O gilts as well. Our results were different that
those found by Lawrence et al. (1994) and Cronin et al. (1991) when comparing
two farrowing systems for sows.
Also, LPS challenge did not change animal’s response in terms of cortisol,
differently than what we expected.
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We tried to demonstrate that environmental complexity, as experienced by
O animals, could be an indicator of better welfare, but this need to be better
studied in order to understand this system and to assure that the changes are in
fact beneficial to the animals. Thus, the evidences raised in this study indicate
that group housing system does not mean always good animal welfare.
4.2 How the housing system can alter gilt’s behavior
It was observed that C gilts were less active spending more time carrying
out what appeared to be biologically irrelevant tasks, which we interpreted as the
result of a poor environment, as found by Chapinal et al. (2010) and Lawrence et
al. (1994). Thus, housing systems influences the level of activity of animals. Lack
of exercise, as pointed by Barnett et al. (2001), and Marchant and Broom (1996)
can impact negatively joints, muscle mass and bone strength.
Even though C animals appeared less active than others, they remained
more alert after they entered the housing system as seen in Fig. 9. This
discomfort with housing also was shown on vocalizing behavior.
Even without being part of the behavior assessment, it was noticed oral
stereotypic behavior only on animals kept in crates as demonstrated before by
other authors (BROOM; MENDL; ZANELLA, 1995; CHAPINAL et al., 2010).
Moreover, lack of activity has shown on GH animals too, where they spent
more time interacting with the rubber mat, indicating that barren group housing
system itself does not mean optimal welfare.
Due to the fact that the disease challenge had been made at the estrus
period, when physiological and behavioral changes occur in the organism in order
to perpetuate the species, that challenge can impact in animal’s response as well.
We would like to argue that the response to LPS was not a good tool to assess
individual response to the housing system, once that behavior and salivary
cortisol did not suffer great modifications by LPS’s inoculation. However, the
housing system seemed to interact with the challenge influencing welfare
(BROOM; MENDL; ZANELLA, 1995), where the animals in worse welfare
appeared not to cope equally well when compared to the other animals. Overall
the AM and PM differences in cortisol assessment were decreased in LPS

45
challenged animals, which could be an indicative of compromised HPA axis and
worse welfare.
5. CONCLUSIONS
Keeping animals in crates compromises their welfare and the results from
this work supports previous findings. Although group housing system have been
implemented throughout the world, our data demonstrate that the welfare
outcomes need to be considered when setting up new housing system.
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Abstract
The welfare consequences associated with housing systems for pregnant sows
are a major source of concern. Even after the implementation of the EU
Legislation, banning gestation crates for sows, in Europe, the animals are still
allowed to remain in this system before mating. A long exposure to stress can
suppress immune system and make the animals more susceptible to disease.
Gram-negative bacteria, which contains in their cell wall lipopolysaccharide
(LPS), are commonly associated with urinary tract infections in sows. Recently,
there has been research demonstrating the inter-relationship between microbiota
and stress-related responses. The main objective of this study was to assess the
consequences of housing gilts in crates, indoor groups and outdoor systems, on
their vaginal microbiota and their response to a disease challenge. The measures
were assessed in an experiment which was carried out during 10 consecutive
days (D1 to D10) with 42 crossbreed gilts housed in three different systems:
crates (C) (n=14), outdoor (O) (n=14) and indoor group housing (GH) (n=14).
During estrous, 18 animals (n=6 per housing system) were challenged
intravenously with LPS (2µg/kg) whereas 24 animals (n=8 per housing system)
were given sterile saline. Data collected included daily vaginal flushing for five
days prior and for four days after estrous, hourly temperature measurements on
the day of the challenge with LPS (right after de challenge (T0) until 07 hours
after the challenge (T7)), and post-mortem swabs from uterus, bladder and
vaginal canal. LPS-challenged animals showed higher temperatures than nonchallenged animals, as expected. O and C animals appeared to respond faster
to the challenge. No differences were identified between LPS´s challenged and
non-challenged animals on T2. O animals showed higher temperature than GH
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animals, in response to the challenge. Partial microbiota analysis showed higher
microorganisms’ diversity in O and GHH animals when compared with C animals,
corroborating our hypothesis, as well as a greater prevalence of Enterobacter
and Klebsiella in C animals when compared with O and GH animals. As the swab
results showed, the microbiota assessment indicates that pathogenic bacteria are
more likely to grown from samples collected in animals that are challenged by
environmental or external factor. Due the pathogens and opportunistic bacteria
found in LPS animals, we hypothesize that challenged animals had a temporary
immunosuppression which made them more susceptible to pathogenic bacteria
colonization in the uterus. Regarding the housing system, our research indicates
that gilts housed in crates had worst health and outcomes when compared with
outdoor or indoor group housed gilts.
Keywords: Crates, group housing, lipopolysaccharide (LPS), outdoor housing,
welfare.

1. INTRODUCTION
Although keeping sows in crates has been questioned, this practice still
take place in many countries for estrous detection and in early pregnancy, which
compromise

their

welfare

(BROOM;

MENDL;

ZANELLA,

1995).

This

management procedure is allowed for example in Europe Union, that has
legislation banning this practice (Directive 2008/120/EC). We hypothesized that
restrictive housing prior to mating exacerbates the impact of diseases on body
temperature, vaginal microbiota and microorganism proliferation compromising
animal welfare. In order to assess this, we used as welfare indicators vaginal
microbiota, disease simulation response and tissue swabs.
The role of microbiota has been studied in stress-related processes and
even modulating the gut-brain and HPA axis (DINAN; CRYAN, 2012; FOSTER;
NEUFELD, 2013; JASAREVIC et al., 2015; LUNA; FOSTER, 2015; KELLY et al.,
2016; KENNEDY et al., 2016). This microbial community can be modulated by
factors such as environment, physiology, genotype and social relations (ARCHIE;
THEIS, 2011).
As

a

tool

to

test

our

hypothesis,

we

used

LPS

inoculation

(lipopolysaccharides which are components of the bacterial cell wall that triggers
an inflammatory response) to simulate a disease. Also called as endotoxins, LPS
is used to different purposes in many species (HARPER; SKARNES, 1972;
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SKARNES; HARPER, 1972; WRATHALL et al., 1978; FREDRIKSSON;
KINDAHL; EDQVIST, 1985; CORT, 1986; SHALABY et al., 1989; SILEN et al.,
1989; GIRI et al., 1990; SCHLAFER et al., 1994; ALEXANDER; IRVINE, 2002;
MORRONE, 2016; HENRIQUE et al., 2017).
The main objective was to assess the consequences of housing gilts in
crates, group housing and outdoor systems, on their vaginal microbiota and their
response to a disease challenge.
2. MATERIALS AND METHODS
2.1 Animals
The experiment was carried in an experimental pig farm at the Campus
Fernando Costa, University of São Paulo, Pirassununga, Brazil, upon approval
of the Ethics and Animal Use Committee (CEUA) at the School of Veterinary
Medicine and Animal Science (FMVZ) of the University of São Paulo (USP) under
the number 3902100816.
Forty-two crossbred gilts between 223-275 days old, divided in two
experimental blocks, were balanced randomly for initial body weight and
parentage across six treatment groups. The animals were kept outdoor about
2300m2 of area available prior to the treatment designation. All animals received
2kg of the same diet divided in two moments 7:00 am and 4:00 pm, 50% in each
period, and water was offer ad libitum. The diet was composed by 70.0% of corn,
28.0% of soybean meal and 2.0% of vitamin-mineral premix. Animals were feed
in individual feeding stalls.
The reproductive cycle of the gilts was synchronized with Altrenogest
(REGUMATE®, MSD Saúde Animal) which is a synthetic analogue for
progesterone, named using 5 ml per animal per day for eighteen days mixing it
with the first feed of each day. The estrus was diagnosed using a mature boar
(more than 18 months old). To minimize the possible side effects of Altrenogest
on the experimental measures, animals were not studied in their following estrus
after synchronization, and the experiment was conducted in second estrus post
the withdrawal of the Altrenogest.
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2.2 Experimental design
The experiment was carried out during 10 consecutive days as a factorial
3x2 design, being the first two days a basal collection period, before the animals
were assigned to each treatment (Fig. 1). Two days after the beginning of the
experiment the gilts were housed in crates (C) (n=14), group housing (GH) (n=14)
and outdoor (O) (n=14) systems, where they stayed prior and post estrous
detection. During estrous, eighteen animals (n=6 per housing system) were
challenged intravenously with LPS (E. coli O111:B4, SIGMA ALDRICH®, 2µg/kg)
(C-L; GH-L; O-L) whereas 24 animals (n=8 per housing system) were given saline
(C-S; GH-S; O-S). In order to identify everyone, a number was drawn in their
back, with non-toxic ink. In order to minimize the harmful effects of LPS to the
pregnant animals, but allowing the treatment to have impact on temperature and
microbiota, we carried out the study it in the period prior to mating.

Figure 1 – Timeline of the experiment and analyses in relation to age.
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The O animals had around 2300m2 to explore, which included a concrete
pen, identical to the one used by GH gilts, with 6.7 m wide by 4.4 m long and 9
individual feeding stalls (1.8m x 0.55 m) with a nipple drinker in each stall, with
ad libitum access to water. The GH animals were kept in a pen with 6.7 m wide
by 4.4 m long, giving 3.3m²/sow, and 9 individual feeding stalls (1.8m x 0.55 m)
with a nipple drinker in each stall, with ad libitum access to water. The C animals
were housed in crates with 1.8 m wide and 0.55 m long with a nipple drinker and
ad libitum access to water. The feeders and pens were built of concrete. During
feeding time, all animals were confined in the stalls to facilitate handling and avoid
fights. The pens and stalls areas had rubber mat to prevent lameness due the
abrasiveness of the floor.
After finished the experiment, all animals were slaughtered.
2.3 Sample collection
2.3.1 Vaginal microbiota
To assess microbiota, vaginal flushing was carried out daily using 20mL of
sterile 0,9% saline solution. The external area of the reproductive tract of each
animal was cleaned with neutral soap and water, and then dried with paper towel.
The solution was introduced into the animal´s vagina with a lubricated nº 20
urethral catheter and the liquid injected with a 20mL syringe. Recovery flushing
was homogenized into conic 15mL DNAse and RNAse free tubes (CRAL),
removed two aliquots to 1,5mL DNAse and RNAse free microtubes (KASVI) with
1mL micropipette and DNAse and RNAse free tips (KASVI), frozen immediately
in liquid nitrogen and kept in -80ºC ultra-freezer.
2.3.1.1 Samples selection and DNA extraction
From a total of 420 samples collected 84 were selected to carry out NGS
16S rRNA gene sequencing analyses.
Some animals had to be medicated due to clinical urinary tract infection
diagnosis, and their samples were not used to conduct microbiota assessment.
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The sample selection was carried out using a pool of basal collection days
(D1 and D2) per housing system (crate, indoor group housing and outdoor) per
experimental block (first and second) totalizing 6 samples; each sample
representing a pool of all 7 animals allocated in each housing system during each
block.
It was used the samples from D5 (three days after housing gilts in each
system) of all animals, totaling 36 samples; in this case we have 9 samples
representing crate treatment (five were removed because of urinary tract
infection), 14 samples representing indoor group housed animals, and 13
samples representing outdoor animals.
Samples were pooled on LPS´s challenge day (D6) per treatment group
(housing system combined with LPS challenge or not) totaling 6 samples; a pool
of 6 samples were representing C-L treatment, 8 samples representing C-S, 6
samples representing GH-L, 8 samples representing GH-S, 6 samples
representing O-L, and 8 samples representing O-S.
Samples were pooled for the last days of the experiment (D9 and D10) per
animal, except those medicated, totaling 36 samples, represented by 5 samples
collected from the C-L treatment, 4 samples collected from the C-S, 6 samples
collected from the GH-L, 8 samples collected from the GH-S, 5 samples collected
from the O-L, and 8 samples collected from O-S animals.
DNA extraction was carried out with ZymoBIOMICSTM DNA Miniprep Kit®
(Zymo Research), following the manufacture specifications with one modification
on a bead beating step where it was processed at maximum speed for 10
minutes. All pools were made before proceed DNA extraction. Final DNA was
checked on DeNovix® spectrophotometer for quantity (ng/µL) and quality (OD
260/280 ratio and OD 260/230 ratio) and kept in -20ºC freezer until analyses.
2.3.1.2 Microbiota analyses
After extraction, quantity and quality assessment the samples were
transported to the Functional Genomics Center at Department of Animal Science
from Agriculture College Luiz de Queiroz (ESALQ) from University of São Paulo
(USP) in Piracicaba/SP where the NGS 16S rRNA gene sequencing occurred.
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Sequencing was carried out through using the Pair End library of Illumina
MiSeq Plataform with reads of 2x250pb. The libraries preparation was according
to Illumina recommendations involving two PCRs, two purification steps, two
agaroses

gel,

quantification,

normalization,

multiplexing

and

libraries

denaturation. The first PCR is performed to a locus-specific amplification where
the primers flank V3-V4 region of 444pb between 341 and 785pb and overhang
adapters

are

included

(forward

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-;

overhang:
reverse

overhang:

5’
5’

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-). AMPure XP beads are
used to purification and the generated fragments are assessed by agarose gel.
The second PCR is to bond 96 barcodes of Nextera XT kit and then other steps
of purification and libraries validation are made. The quantification occurs to
ensure that all libraries/samples are united in a single pool in an equimolar way.
A heterogenic control is introduced, the PhiX fago, and combined to the
amplicons pool. Lastly the PhiX and libraries denaturation is performed, allowing
sequencing.
Data were pre-proceed using dbcAmplicons to remove primers, adapter
and low-quality reads. After the cleanup procedure, we had a total number of
8,703,624 reads mapped to 1393 taxa from 40 samples. The mean prevalence
was 6.03 and mean abundance 125,204 reads. After quality control, 4,052,858
reads were kept that comprised 40 animal samples and 114 taxa. This analysis
toke place in UC Davis Genome Center by our collaborator Matthew Lee Settles.
Only samples from D5 and D10 were assessed initially comprising twenty
animals (C=4, GH=8, O=8). The remaining samples were not assessed yet.
2.3.2 Temperature measurement
On the LPS´s challenge day (D6) rectal temperature was measured, with
a digital thermometer, of all animals in eight moments: T0 – immediately before
the challenge; T1 – one hour after challenge; T2 – two hours after challenge; T3
– three hours after challenge; T4 – four hours after challenge; T5 – five hours
after challenge; T6 – six hours after challenge; T7 – seven hours after challenge.
If any animal presented temperature equal or higher than 41ºC, that animal
received an antipyretic (on the first experimental block) or all animals received a
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bath with cold water (on the second experimental block), in order to decrease
body temperature.
2.3.3 Swab samples
At slaughter swabs were collected from vaginal wall, uterus and bladder.
Bacteriological analyses were conducted by the Swine Health Laboratory at the
Department of Preventive Veterinary Medicine and Animal Health (VPS) from
School of Veterinary Medicine and Animal Science (FMVZ) from University of
São Paulo (USP) in São Paulo/SP.
The method used was seeding on MacConkey agar, Chromoagar
orientation and Blood agar Brucella´s basis (all from BD - Becton, Dickinson and
Company) in aerobic and anaerobic. The colonies were identified by matrixassisted laser desorption/ionization time-of-flight mass spectrometry (MALDITOF MS).
2.4 Statistical analysis
Temperature data were compared across the treatments and the duration
of the experiment. Comparisons of normality were performed by the one-way
analysis of variance (ANOVA) with the Bonferroni post-hoc test for multiple
comparisons. The nonparametric test for discrete variables and non-normal
continuous variables was Kruskal Wallis rank test. Normality was determined by
Shapiro-Wilk test.
For the microbiota analysis an Empirical Bayes Statistics for Differential
Expression (ebays test) was used.
A confidence level of 95% was used in all statistical analysis to consider
test results significant.
3. RESULTS
3.1 Temperature
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It was found expected differences between LPS challenged (L) and nonchallenged (S) groups (Fig. 2).
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Figure 2 – Mean temperature measures on the challenge day. Mean rectal temperature per time
of collection per group housing system (crate=C, outdoor=O or indoor group housed=GH)
subdivided by challenged (L) and non-challenged animals (S). T0 = temperature immediately
before challenge; T1 = temperature one hour after challenge; T2 = temperature two hours after
challenge; T3 = temperature three hours after challenge; T4 = temperature four hours after
challenge; T5 = temperature five hours after challenge; T6 = temperature six hours after
challenge; T7 = temperature seven hours after challenge.

Rectal temperature in non-challenged animals (saline) had no differences
among housing system at any time. It was observed differences among the three
housing systems resulting from the challenge (LPS or saline) (Fig 3.).
Before the challenge (T0) no difference was found across housing
systems. One hour after the challenge (T1) O animals had higher temperature
than GH animals (p<0.01) and C animals did not differ from O or GH animals.
On T2 no differences were identified across housing systems. LPSchallenged animals presented higher temperature than none-challenged animals
in groups O and C on T2, but GH group had no difference between challenged
and non-challenged animals, at the same time period.
On T3 all housing groups (O, GH and C) were different when comparing
challenged (LPS) and non-challenged (saline) animals.
In the collection time T4 and T5, LPS-challenged animals had higher
temperature than non-challenged animals in both GH and O groups, but not in C
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group. On T6 we found a difference in both challenged GH and C animals where
GH challenged animals had higher temperatures than C challenged animals, but
O challenged animals did not differ from GH and C challenged animals. Also, on
T6 and T7, data showed difference between challenged (LPS) and nonchallenged (saline) animals of GH group housing while O and C challenged or
non-challenged animals had no difference.

Figure 3 – Statistical differences in rectal temperature measures. Temperature per time of
collection per treatment on the challenge day. The letters represent differences between housing
systems (crates, outdoor and indoor group housing). * significant difference across challenged

58
(LPS) and non-challenged (saline) animals. C = group of animals housed in crates; O = group of
animals housed outdoor; GH = group of animals in indoor group housing. T0 = temperature
immediately before challenge; T1 = temperature one hour after challenge; T2 = temperature two
hours after challenge; T3 = temperature three hours after challenge; T4 = temperature four hours
after challenge; T5 = temperature five hours after challenge; T6 = temperature six hours after
challenge; T7 = temperature seven hours after challenge.

3.2 Bacterial analyses
Two gilts housed in crates had to be treated for genitourinary infection after
the housing, along with others four animals medicated for other causes (one from
outdoor housing and three from crates housing).
Bacterial cultured in uterine swabs collected from animals challenged with
LPS did show the presence of some pathogens (Staphylococcus chromogenes)
and opportunistic bacteria (Escherichia coli). Animals kept in indoor group
housed had higher diversity of bacteria in the bladder than outdoor animals,
however some potential pathogens (Streptococcus suis, Staphylococcus
saprophyticus) were identified in the bladder, vaginal wall and uterus of LPS
challenged animals (Table 1).
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Table 1 – Bacteria found according to housing system and challenge or non-challenged animals

LPS challenged
Non-challenged
LPS challenged
challenged

Non-

Outdoor

Outdoor

Crates

Crates

Treatments

Organ
Uterus
Bladder
Vaginal wall
Uterus
Bladder
Vaginal wall
Uterus
Bladder
Vaginal wall
Uterus
Bladder
Vaginal wall

LPS challenged

Acinteobacter junii, Acinetobacter iwoffii, Escherichia coli, Kocuria
rhizophila, Pseudomonas lundensis
Escherichia

Bladder

coli,

Kocuria

rhizophila,

Pseudomonas

lundensis,

Staphylococcus hyicus, Streptococcus salivarius
Acinetobacter iwoffii, Escherichia coli, Pseudomonas lundensis
Pseudomonas

lundensis,

Staphylococcus

vitulinus,

Streptococcus

alactolyticusTrueperella pyogenes
Acinetobacter radioresistens, Escherichia coli, Globicatella sulfidifaciens,
Kocuria rhizophila, Pseudomonas lundensis, Trueperella pyogenes
Globicatella sulfidifaciens, Micrococcus luteus, Trueperella pyogenes
Candida parapsilosis, Pseudomonas lundensis, Staphylococcus simulans,
Streptococcus alactolyticus, Streptococcus suis
Escherichia coli, Pseudomonas lundensis, Staphylococcus chromogenes,
Staphylococcus simulans
Escherichia coli, Pseudomonas lundensis, Staphylococcus chromogenes,
Staphylococcus simulans, Raoultella ornithinolytica
Acinetobacter iwoffii, Kocuria rhizophila, Streptococcus alactolyticus
Acinetobacter schindleri, Acinetobacter ursingii, Pseudomonas fulva,
Pseudomonas lundensis, Streptococcus alactolyticus
Acinetobacter iwoffii,

Kocuria rhizophila, Pseudomonas lundensis,

Staphylococcus chomogenes, Streptococcus alactolyticus
Acinetobacter

lwoffii,

Enterobacter

cloacae,

Kocuria

rhizophila,

Pseudomonas lundensis, Staphylococcus chromogenes, Staphylococcus
saprophyticus, Staphylococcus xylosus, Stenotrophomonas maltophilia,
Streptococcus sanguinis

Vaginal wall
Uterus

Non-challenged

Indoor group housed

Indoor group housed

Uterus

Bacteria species

Brevundimonas diminuta, Lactococcus lactis, Pseudomonas lundensis,
Rothia nasimurium, Streptococcus suis
Acinetobacter

Escherichia

coli,

Pseudomonas

lundensis,

Streptococcus alactolyticus
Acinetobacter

Bladder

ursingii,
ursingii,

Escherichia

coli,

Enterococcus

hirae,

Pseudomonas lundensis, Staphylococcus aureus, Staphylococcus hyicus,
Streptococcus alactolyticus

Vaginal wall

Escherichia

coli,

Kocuria

Streptococcus thoraltensis

rhizophila,

Streptococcus

alactolyticus,
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3.3 Microbiota analysis
When assessed part of the samples, we found that group housed gilts (GH
and O) had a greater diversity in microorganism when compared to C gilts.
Comparing microbiota from O and C gilts, it was found a higher prevalence
of Enterobacter and Klebsiella in C animals (p<0.003), both associated with
urinary infections in humans (KOKSAL et al., 2019; GOYAL et al., 2019; TABAK
et al., 2019).
The work still in development.
4. DISCUSSION
4.1 How can the housing system modify the way an animal cope with a
challenge
As observed with the temperature results, LPS was effective to simulate a
temperature increase, part of an infectious disease response. O challenged
animals showed higher temperature than others challenged animals only one
hour after the challenged. This could indicate that they had a faster response to
the challenge, likely associated with a better immune system.
All housing groups (C, GH and O) responded the same way on T3 T4 and
T5 with expected higher temperatures in LPS-challenged animals, which
corroborates that LPS is a good model to simulate a disease challenge.
Surprisingly, on T6 and T7, contrary of O and C gilts, GH animals
continued to show differences in rectal temperature between LPS and saline
treated animals. This could indicate that the barren group housing system did
interfere with the responses to LPS.
4.2 Housing system can change bacteria population in genitourinary
system?
Due to the pathogens and opportunistic bacteria found in LPS challenged
animals, we hypothesize that LPS caused immunosuppression which made them
more susceptible to pathogenic bacteria colonization on uterus. Considering that
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most of infections are caused by Gram-negative bacteria, our findings supports
Lyte and Ernst (1992) who found that catecholamines induce growth of Gramnegative bacteria. Other authors have been studying the role catecholamines and
stress hormones in different bacteria growth (DELSHAD et al., 2019; HILLER et
al., 2019; LESOUHAITIER et al., 2019).
Regarding the housing system, we could propose that crated sows were
the most challenged as a result of the need to use antibiotic to treat genital-urinary
infections only in gilts kept in this system.
Indoor group housing system, assessed in this experiment, due the barren
physical and complex social environment, was more favored to host pathogens,
but with no clinical diagnosis of genital-urinary infection were conducted.
4.3 Molecular studies on microbiota
The microbiota data were not completely assessed, however the initial
results found corroborates our initial hypothesis that animals in better welfare
would have a greater diversity of microorganisms in their vaginal tract, such as
outdoor housed animals and indoor group housed gilts, as well as the animals
thought to be in worse welfare, such as the gilts kept in crates, would have a
greater prevalence of pathogenic bacteria in their genital tract.
Our goal is to further investigate the relationship between housing, LPS
challenge and microbiota in a more detailed way. Metagenomic studies are a
good technology to assess complex data, however it demands time and expertise
to better analyze it.
5.CONCLUSIONS
Our results demonstrate that animals’ response to a disease are affected
by the level of challenge that housing system represents to them. Gilts housed in
crated demonstrated clinically genital-urinary infection, which is a source of
concern.
In preliminary analyses the microbiota showed differences across O and
C housing systems endorsing our initial hypothesis that welfare could be
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positively or negatively correlated with vaginal microbiota, according with the
housing system.
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5. OVERALL DISCUSSION
Housing systems can influence behavior, physiology and the way that
animals respond to a challenge with LPS. The lack of difference between
collection time (AM and PM) in cortisol levels in challenged gilts could be an
indicator of poor welfare. We argue that housing sows in barren group still did not
meet their welfare requirements, as well as keeping them in crates. Housing sows
in crates is known to compromise their welfare and alter several indicators, our
findings support that crated sows had compromised HPA axis. Corroborating the
physiological measures, crated gilts seemed to be in discomfort staying more
alert and vocalizing more and showed stereotypies than other housed gilts. Group
housing system itself does not mean better welfare, since the data from gilts kept
in crates and indoor group housed animals were similar in many aspects. Group
housing systems needs to be studied thoroughly and to be adapted to meet the
needs of the animals and the expectations of the producers. We observed that
housing system interacted with the response of animals to a disease challenge
and the animals in worse welfare appear to have a delayed response.
In the second paper we found a greater prevalence of Enterobacteria and
Klebsiella in crate housed animals when comparing with outdoor housed animals,
bacteria that are associated with urinary infection in humans. Also was found a
higher diversity of microorganism in animals housed outdoor when compared
with animals housed in crates. As expected, it was demonstrated an increase in
rectal temperature in animals challenged with LPS in the three housing systems.
The results seem to indicate that outdoor and crate housed gilts had a faster
response to the challenge than group housed animals. Indoor barren group and
crate housed animals appeared to cope less efficiently with a simulation of a
disease, thus interfering in their welfare. We reported only in crated gilts genitalurinary infections. Regarding the bacteria found in post-mortem tissue swabs, we
hypothesize that challenged animals had an immunosuppression which made
them more susceptible to pathogenic bacteria colonization on uterus. We could
also assume that gilts housed in crates and barren group housing system, due
the limitations of the physical and social environment, were more favored to the
appearance of pathogens.
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Finally, LPS shown to be a good tool to increase body temperature despite
of the confounding factor from estrous period. Our results demonstrated that
animals’ response to a disease are affected by the level of challenge that housing
system represents to them. The development of housing systems, for gilts or
sows, needs more attention in order to benefit animal and human welfare.
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