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ARTICLE INFO ABSTRACT

Poor health is associated with an increased risk of tail biting outbreaks in pigs. We propose that this is because
illness changes social dynamics either by changing the behaviour of the sick pig towards its penmates, the
behaviour of the healthy penmates towards the sick pig, or both. We tested the effect of immune stimulation
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Sus scrofa (lipopolysaccharide (LPS) injection: 0111:B4; 1.5 pug kg~ ! IV) on social behaviour in gilts housed in triplets in a
E;gs cross-over experiment. Each pen was subjected to the control treatment (all three pigs injected with saline) and

then LPS treatment (one pig injected with LPS, two injected with saline), or vice versa. LPS injected pigs had a
shift in social motivation and performed more tail- and ear- directed behaviour than saline pigs two days after
injection. They seemed to fit the description of ‘sick and grumpy’. This change was seen about 40 h after the signs
of acute illness dissipated and was not accompanied by a similar increase in activity. We discuss possible me-
chanisms for this behavioural change in light of changes in neurotransmitter levels at three days after LPS

Tail biting

injection described in a previous experiment.

1. Introduction

Sickness is considered one of the risk factors for tail biting in pigs
[1,19,47-49]. Tail (biting) damage has been shown to correlate with
rectal prolapse and respiratory disease on a farm level [30], and with
leg disorders and respiratory disease on an individual level [27,34,36].
The mechanisms by which sickness works to increase the risk of a tail-
biting outbreak is not known, but we hypothesise that one pathway is
through the effect of cytokines on hormone and neurotransmitter levels,
which are described by e.g. Dantzer et al. [16]. Changes in hormones
and/or neurotransmitters have the potential to change behaviour.
Sickness behaviour, or behavioural changes during illness, as well as
mental side effects of immune therapy, are well described in humans
[8-10,23].

Most papers reporting associations between sickness and tail biting
in pigs are based on cross-sectional data. Although correlations have
been reported [27,30,34,36], to date, no evidence for a causal re-
lationship has been provided. To our knowledge, the only longitudinal

study on the subject is Niemi et al. [35]. The authors document in-
dividual-level temporal associations between treatment for lameness
and increased risk for having tail (biting) damage later. The odds ratio
(OR) for risk of tail biting damage in pigs treated for lameness in this
study was 1.6, whereas the OR of becoming lame after tail biting was
higher (OR = 3.4).

If sickness has a role in the aetiology of tail biting it must be by
increasing the likelihood of a pig becoming either a victim or a biter. A
pig ill to such an extent that it shows social withdrawal and lethargy,
both of which are parts of typical sickness behaviour, could be singled
out as a victim as it would differ from the rest of the group. A study in
hens reported increases in both gentle and severe feather pecks towards
less mobile compared to active flock members, suggesting that the
manipulation may be not only explorative but also include deliberate
injurious pecking [44]. Sick animals may also actually be preferred
opponents as victory is more certain when competing with a sick
competitor than when competing with a healthy conspecific [7]. On the
other hand, poor health may increase the propensity of a pig to become
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a tail biter by increasing irritability, emotional lability and short
temper.

Irritability, emotional lability and short temper have been observed
as side effects of treatment with pro-inflammatory cytokines such as IL-
2 and interferon alpha in humans [10,14,18,43]. There are also in-
dications that inflammatory proteins may play a role in aggression.
Elevated levels of IL-6 and C-reactive protein (CRP) have been found in
psychiatric patients with a diagnosis of intermittent explosive disorder
[13] and aggressive behavioural tendencies are correlated with in-
flammatory markers in healthy adults [28]. Furthermore, increased
feather damage has been detected in hens after immunisation against
the antigen human serum albumin [38]. Our previous finding that boars
with a clinical respiratory infection, as compared to healthy controls,
had an increased tendency for tail- and ear-biting 0-2 weeks before the
clinical signs were visible, may indicate a change in behaviour already
in the pre-pathologic state [33].

Most aspects of sickness behaviour are transient and resolve soon
after the cessation of immune stimulation. Cognitive and mental dys-
function may, however, persist beyond the physiological inflammatory
reaction [22]. Studies in mice have shown a peak in sickness behaviour
two to six hours after treatment with the potent immunostimulator li-
popolysaccharide (LPS), while depression-like behaviour did not peak
until 24h after injection [21]. Examples in humans include chronic
hyperexcitability and altered pain perception after trauma-induced
cytokine elevations [29], and post-vaccination depression [2]. In mice,
spatial memory was impaired seven weeks after systemic inflammation
[51], whereas systemic E. coli infection early in life appears to have
enduring consequences for brain development [6]. Long-term post-in-
flammatory mental dysfunction is thought to be caused by neuroin-
flammation [42], which may lead to neurodegeneration [24,41].

Most studies of immune stimulation by LPS-treatment in pigs follow
the pigs for < 24h [12,25,32,55]. We, however, recently found that
there is a reduction in noradrenaline levels in the hippocampus, hy-
pothalamus and frontal cortex, and an increase in serotonin levels in the
right hippocampus in pigs 72h after LPS injection [37]. The current
experiment was designed to follow up these findings and test the hy-
pothesis that an LPS injection influences social behaviour in small
groups of pigs during the second day after LPS-treatment, which is
shortly before the time at which we had found neurotransmitter levels
to be affected. Pigs were housed in triplets, and the effect of LPS was
tested with a cross-over design.

2. Materials and methods

2.1. Ethical statement

The experimental animals were housed and managed according to
local animal welfare legislation. This study was approved by the Animal
Care and Use Committee at the Norwegian Food Safety Authority under
ID number 7138. Each pig was subjected to the following experimental
procedures: videotaping as described below, daily spray-marking
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without restraint of the animals when videotaping, one intravenous
injection of either LPS or saline twice (days INJ1 and INJ2 in Fig. 1),
and euthanasia upon completion of both experimental periods.

2.2. Animals and study design

The experiment was run in two replicates, each consisting of eight
groups of three gilts (24 animals in 8 pens per replicate, altogether 48
animals). The pigs were brought into the experimental facility in Oslo at
between seven and 10 weeks of age and given at least two weeks
(2-4.5) to habituate. They were purchased from a commercial farm less
than a one-hour drive from the experimental facility. They and had no
previous disease or treatment history. Pigs were selected from 24 dif-
ferent litters and were unfamiliar with their new pen-mates. They were
housed in groups of three in pens (2.2m?) containing two drinking
nipples and one ad-libitum feeder. The pens had a concrete floor and no
slatted area. They were cleaned once per day. Fresh wood-shavings
were added daily to a depth of 5 cm. The pigs were fed ad libitum with
Format 110 (Felleskjgpet, Lillestram, Norway), a commercial growth
diet for finishing pigs. The lights were turned on at 08:00 and off at
16:00, but natural light shone through the window, so the pigs were in
dim daylight until the evening as this experiment was carried out in the
springtime in Norway.

One pen had to be removed from the second replicate due to a se-
vere umbilical hernia in one pig, leaving 15 pens and 45 animals for
analysis. Within each replicate a two-period cross-over design was used.
Both the pen status (control pen including no LPS-treated animal, or
LPS-pen including one LPS-treated animal) and individual status (LPS-
injected pig or saline-injected control pig) was switched between per-
iods. An LPS-pen included one pig injected with LPS and two pigs in-
jected with saline, whereas in the control pens all three pigs were in-
jected with saline. In other words, one randomly chosen pig per pen
was injected with LPS one time during the two periods of the replicate.
If a pen contained an LPS-injected pig in one period, it contained only
controls in the other. The experimental design is described in Fig. 1, and
the number of pens and pigs in each treatment sequence (order of
treatments in period 1 and period 2 for the given pen or individual) is
given in Table 1.

The type and dose of LPS was chosen to produce a reliable but
moderate response, as discussed in de Groot et al. [17] and Nordgreen
et al. [37]. Lyophilized LPS (from Escherichia coli 0111:B4 [SigmaAl-
drich, Darmstadt, Germany]), dissolved in sterile 0.9% saline to a
concentration of 2 mg ml~ ' and frozen in glass vials, was thawed on the
injection day and further diluted in saline to a concentration of
20 ugml~*. The injection volume was calculated individually to pro-
vide a dose of 1.5 ugkg ™' and injected into the ear vein in nose-snared
animals using a Hamilton glass syringe. Control animals were handled
equally and injected with a corresponding volume of saline. Injections
were carried out in the morning after the completion of morning rou-
tines. The pens were treated in the same order in period one and period
two, with the times of the first injection described in Fig. 1. Upon

Experimental Fig. 1. An overview of the experimental design

Base day period 1 (3 days) period 2 (3 days) showing the procedures for one replicate of the study
< > < > and times of injection of LPS and saline in both re-
plicates. Each replicate was designed as a cross-over
Day No ‘ 1 ‘ ‘ 1 2 3 ‘ ‘ 1 2 3 trial, where the same animals were observed for one
Day name BASE INJ1 INJ1+2d INJ2 INJ2+2d BASE day, and then subjected to two experimental
Injections, LPS/saline f periods.
Injections, replicate 1° 9:38 —11:11 10:24 — 11:27 2Time of completion the last injection in the first and
Injections, replicate 2° 9:17 —10:33 9:23 - 10:24 last pen PTime of behavioural observation in hours
Videotaping > > relative to the injection in the corresponding ex-
Behavioural observ. —» —» — —» » perimental period (INJ1 and INJ2).
] b
Time, behav. observ. :B?hto - 1-8h 49-56h 1-8h 49-56h
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Table 1

The number of pens and animals in the different treatment sequences in period
one and period two of the cross-over trial. CTR refers to saline treatment of an
individual, or of all pigs in the same pen. LPS refers to the corresponding
treatment of an individual pig in a pen with lipopolysaccharide.

Pen level Number of pens’ in  Individual level Number of
treatment replicate treatment individuals in
sequence 1 + replicate 2 sequence” replicate
1 + replicate 2

CTR — LPS 4+ 4 CTR — CTR 8+8

CTR — LPS 4+4
LPS — CTR 4+3 CTR — CTR 8+6

LPS — CTR 4+3

! Each pen has three pigs.
2 Within pens with the treatment sequence given in the first column.

completion of both periods euthanasia was carried out by anaes-
thetising each pig to a surgical level using a combination of xylazine
(2mgkg™ 1), ketamine (15mgkg~ ") and butorphanol (0.2mgkg™ ")
injected intramuscularly. When the animals no longer responded to
strong pressure applied between the hooves, they were euthanised with
an intracardial injection of pentobarbital. Cardiac arrest was confirmed
using a stethoscope.

2.3. Observation of behaviour

In each replicate, the animals were videotaped for 24 h per day over
five days (Fig. 1). A baseline of behaviour was determined before any
treatments except spray marking during the BASE day. BASE was fol-
lowed by two experimental periods, during which videotaping took
place on the day of LPS-injection (days INJ1 and INJ2 for experimental
period 1 and 2, respectively), and on follow-up days two days later
(INJ1 + 2d and INJ2 + 2d). An infrared camera was positioned above
the centre of two pens, and recordings were performed using the Media
Recorder system from Noldus (Wageningen, the Netherlands). Lights
were on during the observations except for a small number of late 15-
min slots in a few pens. The lack of artificial lighting caused no pro-
blems for the recording of behaviour as sufficient natural light entered
the room through the windows.

Two classes of behaviours, including social and time budget beha-
viours, were recorded according to ethograms in Tables 2 and 3 by two
observers blind to the treatments of the animals. For each animal, be-
havioural observations were conducted for 7 x 15 (=105) minutes per
day, with each observation slot starting one hour after the previous one.
To remove effects of the time of day, the observations were synchro-
nised according to the time of injection in the pen. The starting point of

Table 2
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the first registration period was determined pen-wise according to the
exact time of the last injection in the pen plus one hour. The time of
INJ1 determined the start of observations in BASE, INJ1 and INJ1 + 2d,
whereas the time of INJ2 determined the start of observations that day
and INJ2 + 2d. For times of injection and exact time slots of observa-
tion see Fig. 1.

All behavioural observations were carried out using video tapes.
Social behaviours were event recorded, with a new occurrence of a
repeated behaviour considered to begin after a pause of two seconds.
The identity (colour codes) of the performer and receiver was recorded
for each event to identify both social behaviours that were performed
and received. Time budget behaviours were scan sampled at the be-
ginning and end of each 15-min observation slot, summarising to 14
scans per day. If a person entered the pen, the observation was paused
for a sufficient number of full minutes, and the observation time then
extended accordingly. The beginning of the next observation slot was
unaffected by the extension.

2.4. Statistical analyses

Variables describing social behaviours were summarised for each
day and analysed at the individual level. Selected behaviours were
summed as described in Table 2 to form the combined variables “total
social behaviour”, describing all kinds of active social behaviour in-
itiated by the focal pig; as well as “tail -and ear-directed behaviour”,
including attention directed at these body parts. For all social beha-
viours, we differentiated between “performed” and “received”, defined
as the total number of occurrences the focal individual performed or
received during the 105 min of observations taking place on one day.

Scans were summed by day. To describe the level of synchronization
of activity in a pen, the percentage of scans with all three pigs either
active or passive was considered, with activity defined as any behaviour
in Table 3 other than lying inactive, which was considered passive. All
other scan sampled behaviours were analysed on an individual level.
The “activity percentage” of an individual was calculated as the per-
centage of active scans out of all scans.

Statistical analyses were conducted using SPSS 24.0 (SPSS Inc.,
Chicago, IL, USA). Linear mixed models (LMM, Linear Mixed -feature in
SPSS) were fitted to the variables activity percentage and environ-
mental exploration, and to performed and received total social beha-
viour after a square root transformation. Performed submissive beha-
viour, and performed and received tail- and ear-directed behaviour,
exhibited a Poisson distribution and were analysed using the
Generalized Linear -feature in SPSS (GLM). The majority of variables
were zero-inflated, and as none of the distributions available in GLM
enabled significant models to be fitted, non-parametric tests were

Ethogram for event recording of social behaviour. No social behaviours were recorded when an animal was lying inactive, assumed to be sleeping. Combined

variables were used for analysis.

Behaviour Combined variable’ Description

Sniffing/ manipulating T

Snout in contact with or very close to another pig, excluding the tail. Includes gentle manipulation such as rooting or licking.

Not including the behaviour bellynosing.

Snout in contact with or very close to/ rooting or licking the tail of another pig. Taking the tail in the mouth without any

Taking the tail of another pig in the mouth followed by an immediate avoidance reaction by the receiver.
Taking the ear of another pig in the mouth followed by an immediate avoidance reaction by the receiver.
Forceful biting, or hitting/knocking of another pig with the head. Includes chasing performed immediately after biting/

hitting/ knocking. Not including the behaviours tail and ear biting.

Sniffing/ manipulating tail ~ T,S*
reaction by the receiver.
Biting tail T,S
Biting ear T,S
Fighting/ attacking T
Submissive
Bellynosing T
Other social behaviour T

Escaping or moving away, or attempting to do so, immediately upon being subjected to social behaviour by another pig.
Using the snout repetitively to lift, root or massage the belly or groin area of another pig.
Behaviour involving contact with another pig not listed above, e. g. mounting (chest contact with the back of another pig),

standing with forelegs on another pig, touching another pig with another body part than the head, or responding to social
behaviour by turning the head towards the active pig without touching it.

1 T indicates that the behaviour is included in the combined variable “Total social behaviour”.

2 S that it is included in “Tail- and ear -directed behaviours”.
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Table 3
Ethogram for scan sampling of behaviour for time budgets.
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Behaviour Behaviour description

Environmental exploration

Snout in contact with the floor, enrichment material, pen fittings or other objects in the pen in a pig sitting or standing. If the pig is lying down snout

contact and movement of the head, mouth or snout is required. Sitting, standing or moving with the head down, apparently touching the ground

even if the snout cannot be seen.
Sitting inactive
Lying inactive
Other behaviour

Lying inactive in any posture

Dog-sitting doing nothing except from turning of the head as when watching something

Any behaviour not listed above, such as feeding, drinking, defecating or walking with the head up

applied as described below.

LMM and GLM on individual-level variables were set up with pig
within pen as the subject (n = 45), pen as a random effect (n = 15) and
day within pig (BASE, INJ1, INJ1 + 2d, INJ2, INJ2 + 2d) as a repeated
effect. Fixed effects included replicate (n = 2, pen level), day (n = 5),
pen level treatment (n = 3 including BASE at BASE day and for the
other days LPS if the pig was in a pen with an LPS-treated pig, or CTR if
no pig in the pen was LPS-treated), individual-level treatment (BASE at
base day, thereafter either LPS or CTR), as well as individual-level
treatment sequence (BASE on base day, INJ1 and INJ1 + 2d, thereafter
either LPS — CTR, CTR — LPS or CTR — CTR). Interactions that were
included were replicate x day, replicate x individual-level treatment,
and individual-level treatment x day. The only pen-level variable in-
cluded in the study, synchronization of activity, was analysed using
LMM with pen as the subject, day as repeated effect, and the fixed ef-
fects replicate, day, and pen-level treatment. LMM and GLM were built
by backward step-wise elimination and variables kept in the model if
significant at the 10% level, or if they significantly improved the fit of
the model (see below) although failing to reach this level of sig-
nificance. Covariance structures including diagonal and autoregressive
with and without moving average were tested for each model, and the
one providing the best fit was chosen. LMM fit and absence of outliers
or cases with excessive leverage were ensured by investigating re-
siduals, homoscedasticity plots and leverage values, as well as Akaike
(AIC) and Bayesian (BIC) information criteria. GLM were built using
Poisson distribution in this study. For these models (over)dispersion
was assessed using the Pearson Chi-squared statistic, and different
models compared using the corrected AIC and BIC. The meanings of
significant interactions were clarified by plotting predicted values with
95% confidence intervals (CI). For significant interactions of particular
interest, differences in predicted continuous variables (behaviour) be-
tween different levels of categorical variables (days, treatments and
treatment sequences) were tested using post-hoc t-tests.

Univariate non-parametric tests were applied to test for differences
between treatment and treatment sequence on performed and received
tail biting, fighting and belly-nosing; as well as received submissive be-
haviour. The analyses were carried out separately per day (INJ1, INJ2,
INJ1 + 2d and INJ2 + 2d for treatment, and the two last days for

Table 4

treatment sequence), and results interpreted following a Holm-Bonferroni
correction for multiple comparisons. The Wilcoxon Rank Sum test was
applied to test for differences between treatments within pen. This ana-
lysis was possible only in LPS -pens. The test negotiates only one ob-
servation per treatment and pen, thus, if two individuals in a pen re-
presented the same treatment (sequence), their variables were averaged.
The pen effect was controlled for by considering the two treatments or
treatment sequences within pen as repeated measures. The Mann-Whitney
U test was used to test for differences between pen level treatments (i.e.
comparing LPS and CTR pens). Only performance of the analysed beha-
viours was included in the analysis on pen level, as the number of similar
received actions in the pen by definition was equal. In these analyses,
each variable was summed per day for all animals in the pen.

3. Results
3.1. Pen- and individual-level effects of day and treatment

Data on all behaviours are given per day and treatment in the
Supplementary Table. Univariate analyses indicated no significant dif-
ferences between treatments or treatment sequences in performed tail
biting, fighting or belly-nosing; nor in receiving these behaviours, or in
receiving submissive behaviour.

Day had a significant effect on total performed and received social
behaviour, performed tail- and ear-directed behaviours, performed
submissive behaviour; as well as scan-sampled activity percentage,
environmental exploration and pen-level synchronization of activity
(Tables 4 and 5). The effect of day on received tail- and ear-directed
behaviours was non-significant, but still kept in the model due to a
favourable effect on fit (Table 4). Details on the main effects of day are
of minor importance in this study and thus not discussed further. To
summarize, LPS-treated pigs showed marked passiveness in INJ1 and
INJ2. Apart from this (expected) effect there appeared to be a general
increase in activity over the whole study period. No clear pattern could
be recognized in pen-level synchronization of activity (see Fig. 2 and 3,
and the Supplementary Table).

The main effect of individual-level treatment was significant for
most variables analysed by LMM or GLM. As compared to LPS, CTR was

Results from linear mixed or Poisson regression analyses on event recorded day-time social behaviours of pigs (n = 45) in pens (n = 15) with either one (LPS-pen) or

no (CTR-pen) individual(s) treated with lipopolysaccharide.

Predictor Performed total social Received total social

Performed tail- and ear-directed

Received tail- and ear-directed Performed submissive

Pen level
Replicate®
Dayb o
Replicate x Day el *kk -
Pen treatment® - T -

Individual level
Treatment?
Treatm. sequence® - - _
Treatment x Day —

ns -
dekk *

an = 2 PBASE, INJ1, INJ1 + 2d, INJ2, INJ2 + 2d °n = 3: NO on BASE day, then according to period LPS- pen or CTR-pen 9NO on BASE day, then according to period
LPS or CTR °NO on BASE day, then according to period CTR — CTR, CTR — LPS or LPS — CTR (treatment in INJ1 — treatment in INJ2). Symbols indicate sig-

nificance: *** p < .001, **p < .01, *p < .05, fp < .1, ns:p > .1 but included in the model, — not included in the model.
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Table 5

Results from linear mixed or Poisson regression analyses of day-time time
budgets of pigs (n = 45) in pens with either one (LPS-pen, n = 8) or no (CTR-
pen, n = 7) individual(s) treated with lipopolysaccharide. Synchronization of
activity is a group-level variable.

Synchronization of
activity

Environmental
exploration

Predictor Activity

percentage’

Pen level
Replicate®
Dayb Hkk Kk

Individual level
Treatment? -
Treatment * -

sequence®
Treatment X T T
Day

Group level
Treatment? - -
Treatment - - -

sequence®

ns
ns

an = 2°BASE, INJ1, INJ1 + 2d, INJ2, INJ2 + 2d °n = 3: NO on BASE day, then
according to period LPS- pen or CTR-pen °NO on BASE day, then according to
period LPS or CTR. “Order of treatment in INJ1 and INJ2. Symbols indicate
significance: *** p < .001, *p < .05, fp < .1, ns: p > .1 but included in the
model, — not included in the model. ‘The percentage of scans where the pig is
doing something else than lying inactive.

more active both socially (variable performed total social behaviour,
p = .004, Fig. 2a) and in environmental exploration (p = .04, Table 6),
whereas LPS performed more submissive behaviour (p = .02) and re-
ceived more attention by others (variable received total social beha-
viour, p = .02) than CTR.

Pen-level treatment affected only received total social behaviour.
The effect was non-significant (p = .06, Table 4). Average predicted
values were higher for CTR animals in pens without an LPS-animal than
in pens with one throughout the experimental periods, however, 95%
CL:s overlapped (data not shown).

3.2. Pen- and individual-level effects of the interaction between day and
treatment

Significant interactions between treatment and day were clarified
by plotting predicted values and their 95% CI:s (Fig. 2 and 3). The
number of performed total social actions (p = .02 for the treatment x
day -interaction, Table 4) was lower in LPS as compared to CTR on both
injection days (p < .01 and p < .001 for the treatment effect on INJ1
and INJ2, respectively, t-test, Fig. 2a), to return to equal levels on days
INJ1 + 2d and INJ2 + 2d (p > .5 on both days, t-test). The number of
performed tail- and ear-directed behaviours (p = .007 for treatment x
day, Table 4) appeared relatively constant in CTR, whereas LPS-treated
pigs showed lower levels on the injection days, followed by higher le-
vels in INJ1 + 2d and INJ2 + 2d (p < .001 for the treatment effect on
both days, respectively, t-test, Fig. 2b).

Treatment x day tended to affect the percentage of active scans
(p =.099) and the number of scans in environmental exploration
(p = .05, Table 5). Predicted values for the latter were numerically
smaller in LPS than CTR on injection days (Table 6).

3.3. Effects of treatment sequence

Treatment sequence effects were analysed in order to find possible
delayed effects of LPS, which would be evident as differences in be-
haviour between LPS — CTR and CTR — CTR during the second treat-
ment period. Treatment sequence affected the number of performed
submissive actions (p = .04, Table 4) and the percentage of active scans
(p = .02, Table 5), however, evidence for a delayed effect of LPS was
present only for the latter. LPS — CTR performed more submissive
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Fig. 2. Average predicted number of event-recorded a) total social behaviour
and b) tail- and ear -directed behaviour during 105 min per day in LPS-treated
animals (n = 8, dashed error bars) and their controls (n = 37, solid error bars),
with all animals pooled on BASE day. INJ1 and INJ2 refer to two injection days,
each with a follow-up two days later (INJ1 + 2d and INJ2 + 2d). Error bars
represent the 95% confidence interval.

behaviour than CTR — CTR in INJ2 and INJ2 + 2d (p < .001 on both
INJ2 and INJ2 + 2, t-test, Fig. 3).

4. Discussion
4.1. General comments

Previous studies suggest statistical associations between poor health
and tail biting damage in pigs. This study describes behavioural re-
sponses to the LPS-induced acute sickness of one pig in a group, with
the aim of identifying possible causal links between sickness and
changes in social behaviour that could increase the risk of tail biting.
The animals were observed until the second day after the bout of illness,
when overt behavioural and physiological symptoms had dissipated, in
order to test the hypothesis that an LPS injection influences social be-
haviour during this day. In a previous experiment, we found changes in
noradrenaline levels, a tendency to an increase in right hippocampal
serotonin levels and an increase in the levels of one pro-inflammatory
cytokine (IFN-y) in the brain [37] 72 h after LPS injection. The present
results do support our hypothesis, and additionally indicate that
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|

LPS-CTR

CTR-CTR

Performed submissive behaviour

CTR-LPS

T

T T
INJ1+2d INJ2 INJ2+2d

DAY

T T
BASE INJ1

Fig. 3. Average predicted number of event-recorded submissive behaviour
during 105 min per day with error bars representing the 95% confidence in-
terval according to treatment sequence, defined as the order of LPS and saline
(CTR) treatment in injection days INJ1 and INJ2. Sequences include CTR —
CTR (n=30) CTR—LPS (n=38) and LPS—CTR (n= 7). INJ1 + 2d and
INJ2 + 2d are follow-up days two days after the respective injections. All se-
quences are pooled in BASE, INJ1 and INJ1 + 2.

Table 6

Predicted values for the number of scans in environmental exploration out of 14
scans per day according to treatment during two injection days INJ1 and INJ2
and their respective follow-up days INJ1 + 2d and INJ2 + 2d.

Day Treatment
CTR" n = 37 LPS’n =8
BASE 2.4 2.4
INJ1 1.8 1.0
INJ1 + 2d 2.5 2.8
INJ2 2.8 0.9
INJ2 + 2d 3.2 3.1

@ Control, saline injection.
Y lipopolysaccharide injection.

sickness may alter behaviours that increase both the risk of biting and
the risk of being tail bitten.

4.2. Effects of LPS on overall activity

Immediate changes in behaviour in response to a low dose of LPS in
this study can be summarised as a short-term decrease in activity. This
effect was expected based on previous experiments reporting a marked
decrease in activity lasting for a few hours following LPS injection
[25,37]. It also coincides with the peaks in a number of pro-in-
flammatory cytokines that are seen following LPS injection
[12,32,37,55].

The present experiment failed to reproduce the behavioural syn-
chronization previously seen in healthy pigs in response to LPS-induced
sudden passiveness of a penmate [37]. The social environment did,
however, differ to some extent between these two studies. The current
CTR animals may have been stimulated to remain active as they were
allowed to interact with another healthy penmate, in contrast to the
experimental set-up in Nordgreen et al. [37] in which pigs were housed
in pairs with visual but not tactile contact. Behavioural synchronization
was also more unlikely in the present experiment with three (as com-
pared to two) individuals per group when the whole group was required
to be in the same category of behaviour for synchronization to be present.
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4.3. LPS-effects on social behaviour

LPS had clear effects on tail- and ear-directed behaviours. This kind
of activity decreased along with the general increase in social pas-
siveness on the injection day but showed a marked increase two days
later, which was not due to increased social activity and suggests that
LPS-treated pigs experienced a shift in social motivation after recovery
that was not an artefact of changes in activity. Although the physiolo-
gical background for these late effects can only be hypothesised, it is
worthwhile noticing that they are temporally closely associated with
differences in noradrenaline concentrations in the hippocampus, hy-
pothalamus and frontal cortex and an asymmetry in serotonin levels in
the hippocampus as compared to saline-treated controls 72 h post-LPS
injection [37]. Noradrenaline may influence mood and is also im-
portant for frontal cortex function with both high and low levels ad-
versely influencing performance in frontal cortex-dependent tests
[3-5,20,26,31]. As the frontal cortex is important for selecting context-
appropriate behaviours [3], a decrease in cortical function may make it
harder for the pigs to interact functionally with their penmates. The
asymmetry in serotonin levels may also suggest a possible physiological
mechanism behind the motivational shift in LPS injected pigs. Recent
experiments have shown changes in the serotonergic system in tail bi-
ters and their victims both centrally and peripherally [50]. Biters had
increased serotonin turn-over in the frontal cortex, and lower blood
serotonin storage than controls whereas victims showed several
changes in brain dopamine and serotonin metabolism [52]. The ser-
otonergic system is involved in the regulation of mood, eating beha-
viour, aggressive behaviour and mental disorders in humans and other
species (for a review, see [11]). In pigs, the serotonergic system has also
been linked to aggressive behaviour [39,40].

It has been hypothesised that immunostimulation may lead to tail
biting behaviour due to a shortage of the serotonin precursor trypto-
phan which may increase the motivation to explore [54]. The present
results do not, however, show increases in environmental exploration,
nor in overall social activity in response to LPS. It is, however, possible
that the duration of our experiment was too short to detect changes in
exploratory motivation.

Another change in the quality of social behaviour in LPS-treated
pigs was seen for submissive actions, which were performed more fre-
quently by LPS treated pigs than CTR pigs both on the days of injection
and two days later. As these actions by definition required that the
animal is subjected to social approach, the effect may be a response to
the increase in received social activity that was evident both on the
injection days and on the follow-up days. The increase in tail- and ear-
directed behaviour in LPS-treated pigs upon recovery may also have
been a reaction to the increased social attention by penmates. Although
tail- and ear-biting are not considered to have been aggressively moti-
vated or to be immediate responses to social approach, they are thought
to be provoked by stress (e. g. [48]), which may very well be experi-
enced in response to increased manipulation by others.

Healthy pigs diverted some of their attention from the other healthy
penmate to the individual expressing sickness behaviour. Long-lasting
bouts of gentle manipulation of passive animals were frequently ob-
served on the videos, possibly due to inquisitive exploration, which may
function to cause a change in the environment rather than being a re-
sponse to a stimulus. These extensive bouts were not captured in our
analyses due to event recording of behaviours. Irrespective of the
nature of the relative increase of attention towards LPS-treated pigs, it
indicates that signs of sickness failed to provoke avoidance, which is
considered normal behaviour in some species [15,46]. The avoidance
reaction may in the present animals have been overridden by curiosity,
a characteristic thought to be strongly expressed in pigs [56].

Another reason for the increased attention towards the sick penmate
may be related to perceived competitive ability. As a sick animal ex-
hibits signs of weakness, others may prefer to compete with it for re-
sources or as an attempt to raise its status in the social hierarchy, as
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success is more certain when competing with a sick competitor than
when engaging in a contest with a healthy conspecific. This mechanism
has been described for male finches [7], and may be a type of fighting
caused by uncertainty about relative fighting ability [45].

The increase in interest by CTR pigs towards LPS pigs remained two
days after the injections, which is about 40 h after physiological signs of
sickness had dissipated. The reason for this is unclear. The change in the
quality of social activity by LPS-treated pigs, evident by the increase in
tail- and ear-directed behaviours and submissive actions, may have
attracted the CTR animals. The order of these behaviours may also have
been the opposite with the increased attention (by CTR) provoking a
change in social behaviour (in LPS).

This study provided evidence for a delayed effect of LPS in the form
of more submissive behaviour in saline-injected pigs with experience of
LPS-injection in the previous experimental period compared to pigs
without experience of a LPS-injection. Although the number of animals
in sequence CTR — LPS was only four, the result is worth looking into in
further studies, given that inflammation has been associated with a
number of long-term consequences including, for example, chronic
hyperexcitability and altered pain perception in humans [29] and im-
paired spatial memory in mice [51]. Neuroinflammation is considered
to be the cause of long-term post-inflammatory mental dysfunction
[42].

4.4. Implications for links between sickness and tail biting

The present results suggest two possible links between sickness and
tail biting. The most evident pathway is the increase in tail- and ear-
directed behaviours in animals after a bout of illness, indicating that
recovered animals may have an increased propensity to become tail
biters. The other pathway is indirect and comes in the form of increased
attention towards a sick animal, which may increase the risk for the sick
individual to become a victim of tail biting. Although tail-directed ac-
tivity remained unchanged after LPS-treatment in the present study, we
know that other types of manipulation, e.g. social or inquisitive, may
turn into tail biting. This two-stage type of tail biting is considered the
most prevalent in a global perspective [48]. If the sick animal attracts
aggressive behaviour by healthy conspecifics, sickness may also lead to
tail biting of the sudden-forceful type [48].

The present results indicate that the pen-level risk for tail biting may
be higher after a bout of illness in the group than during the acute stage,
as both increased attention from penmates towards LPS treated pigs and
increased tail- and ear- directed behaviour from LPS-treated pigs to-
wards penmates were evident two days after LPS-treatment. Previous
knowledge about longer-lasting effects of immune stimulation in the
form of cognitive and mental dysfunction may provide indirect support
to these findings, although most of the literature describes far longer
time spans between cause and effect [22,42]. This paper provides
preliminary evidence for causal pathways from sickness related beha-
viour to tail biting in pigs.

Acknowledgements

We thank Anastasija Popova for assisting with the experimental
procedures and caretaking of the pigs. This study was part of the
ANIHWA ERA-net project FareWellDock, funded by the Norwegian
Research Council (NRC project number 236518) and the Finnish
Ministry of Agriculture and Forestry (project numbers 1564/311/2013
and 1697/312/2014). Networking activities related to this work were
partly funded by COST Action CA15134 - Synergy for preventing da-
maging behaviour in group housed pigs and chickens
(GroupHouseNet), supported by COST (European Cooperation in
Science and Technology: www.cost.eu). The authors declare no com-
peting interests.

82

Physiology & Behavior 198 (2019) 76-83

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.physbeh.2018.09.018.

References

[1] P.K.B.,.G. Almond, Effects of oral vaccination against Lawsonia intracellullaris on
growing-finishing pig's performance in a pig production unit with endemic porcine
proliferative enteropathy (PPE), Deutscher tierdrtzliche Wochenschrift 113 (2006)
232-235.

S. Anders, M. Tanaka, D.K. Kinney, Depression as an evolutionary strategy for de-
fense against infection, Brain Behav. Immun. 31 (2013) 9-22.

Arnsten, A. F. T. (2000). Stress impairs prefrontal cortical function in rats and
monkeys: role of dopamine D1 and norepinephrine alpha-1 receptor mechanisms.
In Cognition, Emotion and Autonomic Responses: The Integrative Role of the Prefrontal
Cortex and Limbic Structures, vol. 126 Eds. H. B. M. Uylings, C. G. VanEden, J. P. C.
DeBruin, M. G. P. Feenstra and C. M. A. Pennartz), pp. 183-192. Amsterdam:
Elsevier Science Bv.

A.F.T. Arnsten, Stress signalling pathways that impair prefrontal cortex structure
and function, Nat. Rev. Neurosci. 10 (2009) 410.

G. Aston-Jones, J. Rajkowski, J. Cohen, Role of locus coeruleus in attention and
behavioral flexibility, Biol. Psychiatry 46 (1999) 1309-1320.

S.T. Bland, J.T. Beckley, S. Young, V. Tsang, L.R. Watkins, S.F. Maier, S.D. Bilbo,
Enduring consequences of early-life infection on glial and neural cell genesis within
cognitive regions of the brain, Brain Behav. Immun. 24 (2010) 329-338.

K.M. Bouwman, D.M. Hawley, Sickness behaviour acting as an evolutionary trap?
Male house finches preferentially feed near diseased conspecifics, Biol. Lett. 6
(2010) 462-465.

L. Capuron, J.F. Gumnick, D.L. Musselman, D.H. Lawson, A. Reemsnyder,

C.B. Nemeroff, A.H. Miller, Neurobehavioral effects of interferon-alpha in cancer
patients: Phenomenology and paroxetine responsiveness of symptom dimensions,
Neuropsychopharmacology 26 (2002) 643-652.

L. Capuron, P. Hauser, D. Hinze-Selch, A.H. Miller, P.J. Neveu, Treatment of cy-
tokine-induced depression, Brain Behav. Immun. 16 (2002) 575-580.

L. Capuron, A. Ravaud, R. Dantzer, Early depressive symptoms in cancer patients
receiving interleukin 2 and/or interferon alfa-2b therapy, J. Clin. Oncol. 18 (2000)
2143-2151.

G.A. Carrasco, L.D. Van de Kar, Neuroendocrine pharmacology of stress, Eur. J.
Pharmacol. 463 (2003) 235-272.

J.A. Carroll, D.B. Carter, S.W. Korte, R.S. Prather, Evaluation of the acute phase
response in cloned pigs following a lipopolysaccharide challenge, Domest. Anim.
Endocrinol. 29 (2005) 564-572.

E.F. Coccaro, R. Lee, M. Coussons-Read, Elevated Plasma Inflammatory Markers in
individuals with Intermittent Explosive Disorder and Correlation with Aggression in
Humans, JAMA Psychiatry 71 (2014) 158-165.

A. Constant, L. Castera, R. Dantzer, P. Couzigou, V. de Ledinghen, J. Demotes-
Mainard, C. Henry, Mood alterations during interferon-alfa therapy in patients with
chronic hepatitis C: evidence for an overlap between manic/hypomanic and de-
pressive symptoms, J. Clin. Psychiatry 66 (2005) 1050-1057.

V.A. Curtis, Infection-avoidance behaviour in humans and other animals, Trends
Immunol. 35 (2014) 457-464.

R. Dantzer, J.C. O'Connor, G.G. Freund, R.W. Johnson, K.W. Kelley, From in-
flammation to sickness and depression: when the immune system subjugates the
brain, Nat. Rev. Neurosci. 9 (2008) 46-57.

J. de Groot, G. Kranendonk, M. Fillerup, H. Hopster, W. Boersma, D. Hodgson,

K. van Reenen, M. Taverne, Response to LPS in female offspring from sows treated
with cortisol during pregnancy, Physiol. Behav. 90 (2007) 612-618.

K.D. Denicoff, D.R. Rubinow, M.Z. Papa, C. Simpson, C.A. Seipp, M.T. Lotze,

A.E. Chang, D. Rosenstein, S.A. Rosenberg, The neuropsychiatric effects of treat-
ment with INTERLEUKIN-2 and LYMPHOKINE-activated killer-cells, Ann. Intern.
Med. 107 (1987) 293-300.

S. Edwards, Tail biting in pigs: understanding the intractable problem, Vet. J. 171
(2006) 198-199.

A. Frazer, D.A. Morilak, What should animal models of depression model? Neurosci.
Biobehav. Rev. 29 (2005) 515-523.

F. Frenois, M. Moreau, J. O'Connor, M. Lawson, C. Micon, J. Lestage, K.W. Kelley,
R. Dantzer, N. Castanon, Lipopolysaccharide induces delayed FosB/DeltaFosB im-
munostaining within the mouse extended amygdala, hippocampus and hypotha-
lamus, that parallel the expression of depressive-like behavior,
Psychoneuroendocrinology 32 (2007) 516-531.

M.E. Harrington, Neurobiological studies of fatigue, Prog. Neurobiol. 99 (2012)
93-105.

B.L. Hart, Biological basis of the behavior of sick animals, Neurosci. Biobehav. Rev.
12 (1988) 123-137.

1.B. Hovens, R.G. Schoemaker, E.A. van der Zee, A.R. Absalom, E. Heineman,

B.L. van Leeuwen, Postoperative cognitive dysfunction: involvement of neuroin-
flammation and neuronal functioning, Brain Behav. Immun. 38 (2014) 202-210.
R.W. Johnson, E. von Borell, Lipopolysaccharide-induced sickness behavior in pigs
is inhibited by pretreatment with indomethacin, J. Anim. Sci. 72 (1994) 309-314.
M.M. Katz, J.L. Tekell, C.L. Bowden, S. Brannan, J.P. Houston, N. Berman,

A. Frazer, Onset and early behavioral effects of pharmacologically different anti-
depressants and placebo in depression, Neuropsychopharmacology 29 (2004)
566-579.

[2]

[3

[4]

[5

[6

[71

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]


http://www.cost.eu
https://doi.org/10.1016/j.physbeh.2018.09.018
https://doi.org/10.1016/j.physbeh.2018.09.018
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0005
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0005
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0005
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0005
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0010
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0010
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0015
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0015
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0020
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0020
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0025
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0025
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0025
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0030
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0030
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0030
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0035
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0035
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0035
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0035
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0040
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0040
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0045
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0045
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0045
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0050
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0050
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0055
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0055
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0055
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0060
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0060
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0060
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0065
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0065
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0065
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0065
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0070
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0070
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0075
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0075
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0075
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0080
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0080
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0080
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0085
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0085
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0085
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0085
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0090
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0090
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0095
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0095
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0100
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0100
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0100
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0100
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0100
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0105
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0105
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0110
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0110
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0115
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0115
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0115
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0120
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0120
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0125
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0125
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0125
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0125

C. Munsterhjelm et al.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

S.M. Kritas, R.B. Morrison, Relationships between tail biting in pigs and disease
lesions and condemnations at slaughter, Vet. Rec. 160 (2007) 149-152.

A.L. Marsland, A.A. Prather, K.L. Petersen, S. Cohen, S.B. Manuck, Antagonistic
characteristics are positively associated with inflammatory markers independently
of trait negative emotionality, Brain Behav. Immun. 22 (2008) 753-761.

Miller, R.J., Jung, H., Bhangoo, S.K. and White, F.A. (2009) Cytokine and chemo-
kine regulation of sensory neuron function. Sensory Nerves, vol. 194, Springer,
Berlin, Heidelberg. pp. 417-499.

C. Moinard, M. Mendl, C.J. Nicol, L.E. Green, A case control study of on-farm risk
factors for tail biting in pigs, Appl. Anim. Behav. Sci. 81 (2003) 333-355.

D.A. Morilak, A. Frazer, Antidepressants and brain monoaminergic systems: a di-
mensional approach to understanding their behavioural effects in depression and
anxiety disorders, Int. J. Neuropsychopharmacol. 7 (2004) 193-218.

S.L. Moya, L. Boyle, P.B. Lynch, S. Arkins, Pro-inflammatory cytokine and acute
phase protein responses to low-dose lipopolysaccharide (LPS) challenge in pigs,
Anim. Sci. 82 (2006) 527-534.

C. Munsterhjelm, J. Nordgreen, F. Aae, M. Heinonen, K. Olstad, T. Aasmundstad,
A.M. Janczak, A. Valros, To be blamed or pitied? The effect of illness on social
behavior, cytokine levels and feed intake in undocked boars, Physiol. Behav. 179
(2017) 298-307.

C. Munsterhjelm, O. Simola, L. Keeling, A. Valros, M. Heinonen, Health parameters
in tail biters and bitten pigs in a case-control study, Animal 7 (2013) 814-821.
J.K. Niemi, A. Sinisalo, A. Valros, M. Heinonen, Hannédnpurenta — syy vai seuraus?
Maataloustieteen paivit 2012, Helsinki, Finland. (Tail biting — cause or con-
sequence? Proceedings of the Agricultural Science Days 2012). Suomen
Maataloustieteellisen Seuran julkaisuja 28 (The Scientific Agricultural Society of
Finland, Publications 28), Helsinki, Finland, http://www.smts.fi/mtpjul2012.html,
(2012) (accessed 30t May 2014).

J.K. Niemi, A. Sinisalo, A. Valros, H. M., The timing and treatment of tail biting in
fattening pigs, Nordic Association of Agricultural Scientists, Vol. 7, SLU, Uppsala,
Sweden, 2011, p. 6.

J. Nordgreen, C. Munsterhjelm, F. Aae, A. Popova, P. Boysen, B. Ranheim,

M. Heinonen, J. Raszplewicz, P. Piepponen, A. Lervik, A. Valros, A.J. Janczak, The
effect of lipopolysaccharide (LPS) on inflammatory markers in blood and brain and
on behavior in individually-housed pigs, Physiol. Behav. (2018), https://doi.org/
10.1016/j.physbeh.2018.07.013.

H.K. Parmentier, T.B. Rodenburg, G.D. Reilingh, B. Beerda, B. Kemp, Does en-
hancement of specific immune responses predispose laying hens for feather
pecking? Poult. Sci. 88 (2009) 536-542.

R. Poletto, H.W. Cheng, R.L. Meisel, J.P. Garner, B.T. Richert, J.N. Marchant-Forde,
Aggressiveness and brain amine concentration in dominant and subordinate fin-
ishing pigs fed the beta-adrenoreceptor agonist ractopamine, J. Anim. Sci. 88
(2010) 3107-3120.

R. Poletto, H.W. Cheng, R.L. Meisel, B.T. Richert, J.N. Marchant-Forde, Gene

83

[41]

[42]

[43]

[44]

[45]

[46]
[47]
[48]

[49]

[50]

[51]

[52]

[54]

[55]

[56]

Physiology & Behavior 198 (2019) 76-83

expression of serotonin and dopamine receptors and monoamine oxidase-a in the
brain of dominant and subordinate pubertal domestic pigs (Sus scrofa) fed a beta-
adrenoreceptor agonist, Brain Res. 1381 (2011) 11-20.

L. Qin, X. Wu, M.L. Block, Y. Liu, G.R. Breese, J.S. Hong, D.J. Knapp, F.T. Crews,
Systemic LPS causes chronic neuroinflammation and progressive neurodegenera-
tion, Glia 55 (5) (2007) 453-462.

A.T.L. Rathbone, S. Tharmaradinam, S. Jiang, M.P. Rathbone, D.A. Kumbhare, A
review of the neuro-and systemic inflammatory responses in post concussion
symptoms: introduction of the “post-inflammatory brain syndrome” PIBS, Brain
Behav. Immun. 46 (2015) 1-16.

P.F. Renault, J.H. Hoofnagle, Y. Park, K.D. Mullen, M. Peters, B. Jones, V. Rustgi,
A. Jones, Psychiatric complications of long-term interferon ALFA therapy, Arch.
Intern. Med. 147 (1987) 1577-1580.

A.B. Riber, B. Forkman, A note on the behaviour of the chicken that receives feather
pecks, Appl. Anim. Behav. Sci. 108 (2007) 337-341.

J. Rushen, Social recognition, social dominance and the motivation of fighting by
pigs, Social Recognition, Social Dominance and the Motivation of Fighting by Pigs,
1990, pp. 135-143.

M. Schaller, The behavioural immune system and the psychology of human soci-
ality, Philos. Trans. R Soc. B 366 (2011) 3418-3426.

D.L. Schroder-Petersen, H.B. Simonsen, Tail biting in pigs, Vet. J. 162 (2001)
196-210.

N.R. Taylor, D.C.J. Main, M. Mendl, S.A. Edwards, Tail-biting: a new perspective,
Vet. J. 186 (2010) 137-147.

N.R. Taylor, R.M.A. Parker, M. Mend]l, S.A. Edwards, D.C.J. Main, Prevalence of risk
factors for tail biting on commercial farms and intervention strategies, Vet. J. 194
(2012) 77-83.

W.W. Ursinus, C.G. Van Reenen, I. Reimert, J.E. Bolhuis, Tail Biting in Pigs: Blood
Serotonin and Fearfulness as pieces of the Puzzle? PLoS One 9 (2014).

J. Valero, G. Mastrella, I. Neiva, S. Sanchez, J.O. Malva, Long-term effects of an
acute and systemic administration of LPS on adult neurogenesis and spatial
memory, Front. Neurosci. 8 (2014) 83.

A. Valros, P. Palander, M. Heinonen, C. Munsterhjelm, E. Brunberg, L. Keeling,

P. Piepponen, Evidence for a link between tail biting and central monoamine me-
tabolism in pigs (Sus scrofa domestica), Physiol. Behav. 143 (2015) 151-157.

Y. van der Meer, W.J.J. Gerrits, A.J.M. Jansman, B. Kemp, J.E. Bolhuis, A link
between damaging behaviourin pigs, sanitary conditions, and dietary protein and
aminoacid supply, PLoS One 12 (5) (2017).

P.N. Williams, C.T. Collier, J.A. Carroll, T.H. Welsh, J.C. Laurenz, Temporal pattern
and effect of sex on lipopolysaccharide-induced stress hormone and cytokine re-
sponse in pigs, Domest. Anim. Endocrinol. 37 (2009) 139-147.

D.G.M. Wood-Gush, K. Vestergaard, The seeking of novelty and its relation to play,
Anim. Behav. 42 (1991) 599-606.


http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0130
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0130
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0135
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0135
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0135
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0140
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0140
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0145
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0145
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0145
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0150
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0150
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0150
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0155
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0155
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0155
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0155
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0160
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0160
http://www.smts.fi/mtpjul2012.html
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0170
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0170
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0170
https://doi.org/10.1016/j.physbeh.2018.07.013
https://doi.org/10.1016/j.physbeh.2018.07.013
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0180
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0180
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0180
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0185
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0185
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0185
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0185
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0190
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0190
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0190
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0190
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0195
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0195
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0195
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0200
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0200
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0200
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0200
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0205
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0205
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0205
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0210
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0210
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0215
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0215
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0215
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0220
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0220
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0225
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0225
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0230
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0230
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0235
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0235
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0235
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0240
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0240
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0245
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0245
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0245
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0250
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0250
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0250
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0260
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0260
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0260
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0265
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0265
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0265
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0270
http://refhub.elsevier.com/S0031-9384(18)30289-0/rf0270

	Sick and grumpy: Changes in social behaviour after a controlled immune stimulation in group-housed gilts
	Introduction
	Materials and methods
	Ethical statement
	Animals and study design
	Observation of behaviour
	Statistical analyses

	Results
	Pen- and individual-level effects of day and treatment
	Pen- and individual-level effects of the interaction between day and treatment
	Effects of treatment sequence

	Discussion
	General comments
	Effects of LPS on overall activity
	LPS-effects on social behaviour
	Implications for links between sickness and tail biting

	Acknowledgements
	Supplementary data
	References




