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Abstract

Inflammation and necrosis can appear in pigs in several parts of the body simultaneously. The signs can affect
newborns, suckling piglets and older pigs, and recent studies suggest that the syndrome is primarily endogenous.
Inflammation and necrosis indicate impaired animal welfare, and thus should be controlled in pig production. This
can be achieved by improving husbandry conditions. However, the variation in signs also appears to have a genetic
component. The aim of the present study was therefore to test the effects of different boars from the Duroc and
Pietrain breeds on the prevalence of swine inflammation and necrosis syndrome in their offspring. For this purpose,
646 suckling pigs from 39 sows (two herds) and 19 boars were made available. On the third day of life, the piglets
were examined for clinical signs of inflammation and necrosis at tail base, tail tip, ears, face, teats, navel and claws.
For the evaluation, we included the boar within the breed and the breed as fixed effects and the sow within the
herd as random effects. More than 70% of the piglets were affected at the tail base, ears, coronary bands and heels.
Bristle loss, swelling, redness, venous congestion and claw wall bleeding occurred most frequently. Exudation and
necrosis affected fewer piglets. None of the piglets was completely free from signs of SINS. Offspring from Duroc
boars had significantly lower SINS scores (4.87 ± 0.44) than offspring from Pietrain boars (10.13 ± 0.12). Within the
Pietrain breed, significant effects of the boar were observed on inflammation and necrosis levels. Under the present
study conditions, using Duroc boars instead of Pietrain boars resulted in a 59% reduction in the SINS scores of their
offspring. The SINS score in the offspring of the most favourable Pietrain boar was almost 40% lower than that of
offspring in the least favourable. These findings confirm considerable genetic effects on the outcome of SINS under
a given husbandry. Further studies are necessary to characterise the genetic effects in detail and to make them
useful to combat the syndrome.
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Background
Signs of inflammation and loss of tail integrity indicate
serious impairment of animal welfare [1, 2], and preserv-
ing animal welfare is one of the major challenges facing
modern pig farming. Tail biting is a very prevalent un-
desirable behaviour that has been identified as a major

source of significant reduction in tail integrity, especially
in growing pigs [3–7]. Even with intensive use of avail-
able measures, 25 to 70% of animals may have damaged
tails (e.g., [8–10]). However, the term‘tail-biting’ covers
a mixture of different types and drives [3]. Additionally,
evidence from research and practice suggests that tail le-
sions might not only be caused by tail biting, but also by
inflammation and necrosis, which can occur without any
action by other pigs [11–17]. These lesions are also not
limited to the tail, but can be observed in ears, heels and

© The Author(s). 2021Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visithttp://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence:gerald.reiner@vetmed.uni-giessen.de
1Department of Veterinary Clinical Sciences, Clinic for Swine,
Justus-Liebig-University, Frankfurter Strasse 112, 35392 Giessen, Germany
Full list of author information is available at the end of the article

Kuehlinget al. Porcine Health Management            (2021) 7:15 
https://doi.org/10.1186/s40813-021-00194-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s40813-021-00194-2&domain=pdf
http://orcid.org/0000-0002-4284-0345


soles, claw coronary bands, teats, navel, vulva and face.
Due to the syndrome-like combination of different body
parts and the clinical domination of inflammation and
necrosis in these areas, this clinical outcome has been
coined swine inflammation and necrosis syndrome
(SINS [14]). Inflammation has been histologically proven
as the cause of SINS [16, 17]. The clinical and histo-
logical evidence of SINS in newborn piglets [16] shows
that the symptomatology can develop without biting or
technopathies such as unfavourable floor conditions,
even if such effects can play a decisive role in the final
expression of the signs [18].

The grade of SINS can be affected by husbandry con-
ditions and by the quality of the sow [17]. Practical ex-
perience suggests that there might also be genetic effects
on the expression of SINS, and effects of sow genetics
have already been proven [14]. The aim of the present
study was to investigate the influence of the boar breed
and the individual boar on the manifestation of SINS in
the offspring from a uniform sow basis.

Materials and methods
Experiment and experimental animals
The animal experiment was carried out in the conven-
tional pig breeding stables of the Oberer Hardthof teach-
ing and research station at Justus-Liebig University
Giessen, Germany and at a closed herd farm in Lower
Saxony under the approval of the authorities in Giessen,
Germany with file numbers V54–19 c 20 15 h 02 Gi 18/
15 kTV 3/2019 and V 54–19 c 20 15 h 02 GI 18/15 kTV
4/2020.

A total of 646 piglets from 39 sows and 19 boars were
available for this study. The piglets were from two herds
(herd 1:n = 245; herd 2:n = 401). They were examined
in their third day of life. Both herds had no history of ex-
udative epidermitis before or after the present study.
The sows for herd 1 were from a uniform Topigs x Ger-
man Landrace genetic. The sows of herd 2 were DAN-
Bred. All sows were artificially inseminated.

Herd1
In the breeding centre, the sows were fixed in stands on
concrete slatted floor until the 28th day of pregnancy.
They were fed liquid food in a longitudinal trough via a
Spotmix feeder. Water was available via Aqua Level
drinking troughs.

In the waiting position, the sows stood in a 145 m2

compartment on concrete slatted floor with separate
lying areas. Feed could be requested by feeding on de-
mand. Water supply was ensured via nipple and Aqua
Level drinking troughs.

The sows were vaccinated against erysipelas and
parvovirus on the 14th day of lactation (Porcilis
Ery + Parvo, MSD, Germany). A vaccination against

Clostridium perfringens was performed two weeks
before birth (Clostriporc A, IDT, Germany). The SPF
herd was free from porcine reproductive and respira-
tory syndrome virus (PRRSV),Actinobacillus pleur-
opneumoniae, Lawsonia intracellularis, Brachyspira
hyodysenteriae and Brachyspira pilosicoli.

In the farrowing house, sows and suckling piglets were
kept in 4.8 m2 farrowing pens with a plastic slatted floor.
The sows were fixed in a farrowing crate with a flat sur-
face. The sows’ floor was a slatted cast iron floor. Feed
was offered via a Spotmix feeder in the trough. Nipple
drinkers and mother-child basin drinkers provided a
water supply for the animals.

Feeding
The composition of the gestation feed was 12.5% crude
protein, 2.8% crude fat, 7.0% crude fibre, 4.4% raw ash,
0.66% calcium, 0.46% phosphorus, 0.15% sodium, 0.7%
lysine, 0.18% methionine and an energy content of 12,
02% ME MJ/kg. The Ingredients of the lactation diet
were 16.0% crude protein, 3.3% crude fat, 5.0% crude
fibre, 6.71% raw ash, 0.79% calcium, 0.54% phosphorus,
0.21% sodium, 0.94% lysine. 0.3% methionine and an en-
ergy content of 12.71 MJ ME/kg.

Herd 2
The breeding centre was built with a concrete slatted
floor. The sows were fixed in metal stands till the
28th day of gestation. Feeding was performed with a
longitudinal through in front of the fixation stands.
The feed amount for every individual sow was allo-
cated with a volume doser. Water was available via
Aqua Level drinking troughs. The waiting position
was a 60 m2 sized room with particular concrete slat-
ted floor. Self-catching feeding bays were installed on
two opposites walls of the stable. In front of the bays
a longitudinal trough was positioned for sow feeding.
The feed dropped down into the trough through a
volume doser. Water supply was ensured by Aqua
Level drinking troughs.

The sows were vaccinated against erysipelas and
parvovirus on the 14th day of lactation (Porcilis Ery +
Parvo, MSD, Germany). Sows were vaccinated against
PRRS (Porcilis PRRS, MSD, Germany) and Influenza A
(Respiporc Flu 3, IDT, Germany) every 3rd month. In
the farrowing house, sows and suckling piglets were kept
in 5 m2 farrowing pens with a plastic slatted floor (slat
width 11 mm). The sows were fixed in a farrowing crate
with a flat surface. The sows’ floor was a slatted cast iron
floor. The feed was offered via a volume doser to the
trough. Nipple drinkers and mother-child basin drinkers
ensured the water supply for the animals.
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Feeding
The sows were fed with a commercial gestation and lac-
tation diet from a local mill in Lower Saxony. The ingre-
dients were orientated for the Recommendations of the
German Agricultural Association (DLG). The compos-
ition of the gestation feed was 14.0% crude protein, 3.0%
crude fat, 7.0% crude fibre, 6.5% raw ash, 0.7% calcium,
0.45% phosphorus, 0.25% sodium, 0.78% lysine, 0.28%
methionine and an energy content of 12,2% ME MJ/kg.
The ingredients of the lactation diet were 16.5% crude
protein, 4.5% crude fat, 5.5% crude fibre, 6.3% raw
ash, 0.8% calcium, 0.55% phosphorus, 0.25% sodium,
0.96% lysine. 0.31% methionine and an energy content
of 13.0 MJ ME/kg.

Boars
The study aimed to compare extreme boars in terms of
the susceptibility of their offspring to SINS. The aim was
not to generate representative data for boar lines of
breeding companies. Thus, boars were specifically se-
lected which, on the basis of field observations over the
last four years, seemed to have particularly low or par-
ticularly high SINS levels in their offspring compared to
other boars. In this way, 19 boars of two breeds (4 Duroc
boars and 15 Pietrain boars) were used on 39 sows of
two herds. The boars came from 7 different, inter-
national breeding companies. Detailed information on
the breeding companies is not provided because no rep-
resentative result for the breeding companies can be de-
rived from the targeted selection of boars. The boars
were used in both sow herds and had an average of 34
offspring with 4 sows. The sows were artificially insemi-
nated. In order to increase the sow-boar combinations
on the basis of a manageable number of piglets, all boars
were used in pairs as mixed semen. This means that pig-
lets from two different boars were present in each litter
at the same time. Of course, not all possible boar combi-
nations could be created, but the number of sow-boar
combinations was doubled. All piglets were assigned to
the correct boar by paternity testing.

Paternity testing
Paternity testing was based on the genetic matches be-
tween offspring and boars. The piglets were tail-docked
one day after clinical scoring. DNA was extracted as de-
scribed in Reiner et al. [19] from the docked tail tissue.
Genotyping was done with 14 microsatellites in 2 multi-
plex PCRs and microsatellite alleles were determined by
capillary gel electrophoresis [19].

Clinical scoring
Inflammation and necrosis were clinically assessed as de-
scribed by Reiner et al. [14]. The piglets were scored on
the 3rd day of life to ensure comparability with other

studies and because clinical signs were clearly visible
during this period in all previous studies, but the piglets
were not yet exposed to environmental effects as
weaners and fatteners. For time reasons and to minimize
the animal load, clinical signs were recorded using a
digital camera (Canon EOS DC 8.1 V, Canon) according
to a standardized scheme for later detailed evaluation of
the images (Windows Media Player, Version 12, Micro-
soft GmbH, Germany).

Clinical alterations in the tail base and tail tip, the ears,
the teats and navel, coronary bands, wall horn, ball and
sole of the feet as well as the face were assessed indi-
vidually. However, the scoring was more detailed than in
Kühling et al. [16]. The following clinical characteristics
were considered and scored 0, if the sign was not visible
or 1, if the sign was visible. The tail was scored for swell-
ing, redness, rhagades, exudation, bleeding, tail necrosis
and ring-shaped constrictions. The tail base was separ-
ately screened and scored for the presence of bristles,
swelling of the tail base, redness of the tail base, exud-
ation and clinical signs of necrosis. Ears were scored for
the presence of bristles, congested ear veins and necrosis
of the ears. Teats were scored for scab formation, swell-
ing, reddening, necrosis and congested blood vessels.
The navel was scored for redness and swelling. The face
was scored for oedema around the eyes and nasal
edema. Each claw was individually scored for wall bul-
ging, wall bleeding, reddening of the heel, heel bleeding
and inflammation of the coronary band. All scores were
assigned by two experienced persons together. Inter and
intra-observer effects were not estimated.

The examined binary scores were presented by organ
system as percentage of affected piglets. In addition, the
percentages of piglets with the respective findings within
an organ system were summarised as stacked bar charts
(summed up percentage of affected piglets) to show the
effects of the breed. All recorded binary scores (see
Fig. 1) were summed up unweighted to the SINS score.
This resulted in possible SINS scores between 0 and 27
for each piglet.

Statistics
Data were analysed using IBM-SPSS, Version 27 (IBM,
Munich, Germany). All composed organ scores were
checked using QQ-plots, skewness and kurtosis. The resi-
dues of all variables were found to be largely normally dis-
tributed. Scores were analysed using a mixed-effect linear
model with the boar within breed and the breed as fixed
effects and the sow within herd and the herd as random
effects. Results were presented as least square means with
standard errors. Binary data were calculated with a gener-
alised mixed model considering the effects as in the linear
model. All data were Bonferroni corrected.
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Results
SINS was scored in 646 piglets from 39 sows and 19
boars from 7 breeding companies. Over 70% of the pig-
lets showed affections at the tail base, ears, coronary
bands and heels (Fig.1). In over 40% of the animals the

teats were affected. Only the tail tip and the navel
showed alterations in less than 10 % of the animals. The
most common signs were a lack of bristles, swelling, red-
ness and bleeding into the claw wall. Severe alterations
such as rhagades, exudation or necrosis occurred only in
individual piglets.

None of the 646 piglets was completely free from
signs. Of seven body parts examined (tail base, tail tip,
face, ear, teats, navel and claws), on average the piglets
were affected in 3.8 ± 1.07 (mean ± SD) body parts sim-
ultaneously. Forty percent of the piglets were affected in
at least 5 of 7 body parts (Fig.2).

The SINS score was normally distributed (Fig.3) with
a mean of 9.5, a standard deviation of 2.8, a minimum of
2 and a maximum of 18 (data not shown). The SINS
score was significantly affected by the boars' breed (p <
0.001), the breeding company (p < 0.001) and the boar
(p < 0.001) (Fig.4, Table1). Offspring from Duroc boars

Fig. 1 Prevalence of inflammation and necrosis in different body parts of the three-day-old piglets

Table 1 Significant differences in the SINS outcome between
boars after Bonferroni correction

Boar number Different from boar numbers (P < 0.05)

1 4–7, 19

2 3, 4–7, 16, 19

3 2, 4–6, 8, 15, 19

4 1–3, 8–18, 20

5 1–3, 8, 9, 11, 12, 15–18, 20

6 1–3, 8, 9, 11, 12, 15, 18, 20

7 1, 2, 8, 15, 17, 18, 20

8 4–7, 16, 19

9 4–6

10 4

11 4, 5

12 4–6

13 4

14 4

15 3, 4–7, 16, 19

16 2, 4, 5, 8, 15, 19

17 4–7, 19

18 4–7, 19

19 1–3, 8, 15, 17–20

20 4–7, 19
Fig. 2 Number of piglets and number of body parts
simultaneously involved
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(boars 4–7) had significantly lower SINS scores than off-
spring from Pietrain boars. Piglets from different Duroc
boars were not differently affected, although SINS scores
varied between 2.2 and 7.5 in one of the boars. Within
Pietrain boars, the SINS scores of their offspring varied
substantially. Offspring from boars 8, 2 and 15 differed
significantly from those of boars 19 and 16 (Table1).
Piglets from the other eight Pietrain boars, with mean
SINS scores around 10, did not differ significantly within
breed. Offspring from boars of different breeding com-
panies did not differ significantly within both breeds
(data not shown). Offspring from Duroc boars had SINS
scores of 4.87 ± 0.44 (mean ± SE) which was significantly
less than the values of piglets from Pietrain boars
(10.13 ± 0.12).

It was not just the total SINS scores which were
found to be significantly influenced by boar breed:
significant differences were also found within some
signs for the body parts examined. Figures5 shows a
comparison of offspring from Duroc boars with
those of the Pietrain boars with the lowest (PI-L:
boar number 19) and the highest SINS scores (PI-H:
boar number 8) and with the average of all Pietrain
offspring (PI-A). Boar (p = 0.002) and breed (p <
0.001) had a significant influence on the clinical out-
come of inflammation and necrosis in the tail base

Fig. 3 Q-Q plot of the normal distribution of the SINS (swine
inflammation and necrosis syndrome) score

Fig. 4 SINS (swine inflammation and necrosis syndrome) score of the offspring of individual boars by breed and breeding company. DU: Duroc,
PI: Pietrain; BC: breeding company (number); boar number in brackets. The figure shows means with lower (CIL) and upper (CIU)
confidence intervals
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