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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 source of significant reduction in tail integrity, especially
Signs of inflammation and loss of tail integrity indicate in growing pigs B-7]. Even with intensive use of avail-
serious impairment of animal welfarel[ 2], and preserv- able measures, 25 to 70% of animals may have damaged
ing animal welfare is one of the major challenges facingtails (e.g., $-10]). However, the term‘tail-biting’ covers
modern pig farming. Tail biting is a very prevalent un- a mixture of different types and drives3]. Additionally,
desirable behaviour that has been identified as a majoevidence from research and practice suggests that tail le-
sions might not only be caused by tail biting, but also by
* Correspondenceerald.reiner@vetmed.uni-giessen.de inﬂ_ammation and_necrosis, which can (_)CCW without any
1Department of Veterinary Clinical Sciences, Clinic for Swine, action by other pigs 11-17]. These lesions are also not

Justus-Liebig-University, Frankfurter Strasse 112, 35392 Giessen, Germarfymited to the tail, but can be observed in ears, heels and
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soles, claw coronary bands, teats, navel, vulva and fac€lostridium perfringens was performed two weeks

Due to the syndrome-like combination of different body before birth (Clostriporc A, IDT, Germany). The SPF

parts and the clinical domination of inflammation and herd was free from porcine reproductive and respira-

necrosis in these areas, this clinical outcome has beemory syndrome virus (PRRSV)Actinobacillus pleur-

coined swine inflammation and necrosis syndromeopneumoniae, Lawsonia intracellularis, Brachyspira

(SINS [L4]). Inflammation has been histologically proven hyodysenteriae and Brachyspira pilosicoli.

as the cause of SINSL§, 17]. The clinical and histo- In the farrowing house, sows and suckling piglets were

logical evidence of SINS in newborn pigletdq] shows kept in 4.8 nf farrowing pens with a plastic slatted floor.

that the symptomatology can develop without biting or The sows were fixed in a farrowing crate with a flat sur-

technopathies such as unfavourable floor conditions,face. The sowsfloor was a slatted cast iron floor. Feed

even if such effects can play a decisive role in the finalvas offered via a Spotmix feeder in the trough. Nipple

expression of the signslp]. drinkers and mother-child basin drinkers provided a
The grade of SINS can be affected by husbandry conwater supply for the animals.

ditions and by the quality of the sowl[7]. Practical ex-

perience suggests that there might also be genetic effects

on the expression of SINS, and effects of sow genetic§eeding

have already been proverl4]. The aim of the present The composition of the gestation feed was 12.5% crude

study was to investigate the influence of the boar breedprotein, 2.8% crude fat, 7.0% crude fibre, 4.4% raw ash,

and the individual boar on the manifestation of SINS in 0.66% calcium, 0.46% phosphorus, 0.15% sodium, 0.7%

the offspring from a uniform sow basis. lysine, 0.18% methionine and an energy content of 12,
02% ME MJ/kg. The Ingredients of the lactation diet

Materials and methods were 16.0% crude protein, 3.3% crude fat, 5.0% crude

Experiment and experimental animals fibre, 6.71% raw ash, 0.79% calcium, 0.54% phosphorus,

The animal experiment was carried out in the conven- 0.21% sodium, 0.94% lysine. 0.3% methionine and an en-

tional pig breeding stables of the Oberer Hardthof teach- ergy content of 12.71 MJ ME/Kkg.

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 GiessenHerd 2

Germany with file numbers V5419 ¢ 20 15h 02 Gi 18/ The breeding centre was built with a concrete slatted

15 KTV 3/2019 and V 5419 c 20 15 h 02 Gl 18/15 kTVv floor. The sows were fixed in metal stands till the

4/2020. 28th day of gestation. Feeding was performed with a
A total of 646 piglets from 39 sows and 19 boars werelongitudinal through in front of the fixation stands.

available for this study. The piglets were from two herds The feed amount for every individual sow was allo-

(herd 1:1 =245; herd 2:1 =401). They were examined cated with a volume doser. Water was available via

in their third day of life. Both herds had no history of ex- Aqua Level drinking troughs. The waiting position

udative epidermitis before or after the present study.Was a 60 m sized room with particular concrete slat-

The sows for herd 1 were from a uniform Topigs x Ger- ted floor. Self-catching feeding bays were installed on

man Landrace genetic. The sows of herd 2 were DAN-two opposites walls of the stable. In front of the bays

Bred. All sows were artificially inseminated. a longitudinal trough was positioned for sow feeding.
The feed dropped down into the trough through a
Herd1 volume doser. Water supply was ensured by Aqua

In the breeding centre, the sows were fixed in stands onLevel drinking troughs.
concrete slatted floor until the 28th day of pregnancy. The sows were vaccinated against erysipelas and
They were fed liquid food in a longitudinal trough via a parvovirus on the 14th day of lactation (Porcilis Ery +
Spotmix feeder. Water was available via Aqua LeveParvo, MSD, Germany). Sows were vaccinated against
drinking troughs. PRRS (Porcilis PRRS, MSD, Germany) and Influenza A
In the waiting position, the sows stood in a 145°m (Respiporc Flu 3, IDT, Germany) every 3rd month. In
compartment on concrete slatted floor with separate the farrowing house, sows and suckling piglets were kept
lying areas. Feed could be requested by feeding on dén 5 m” farrowing pens with a plastic slatted floor (slat
mand. Water supply was ensured via nipple and Aquawidth 11 mm). The sows were fixed in a farrowing crate
Level drinking troughs. with a flat surface. The sowdloor was a slatted cast iron
The sows were vaccinated against erysipe|as anﬂOOf. The feed was offered via a volume doser to the
parvovirus on the 14th day of lactation (Porcilis trough. Nipple drinkers and mother-child basin drinkers
Ery + Parvo, MSD, Germany). A vaccination againstensured the water supply for the animals.
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Feeding studies and because clinical signs were clearly visible
The sows were fed with a commercial gestation and lac-during this period in all previous studies, but the piglets
tation diet from a local mill in Lower Saxony. The ingre- were not yet exposed to environmental effects as
dients were orientated for the Recommendations of theweaners and fatteners. For time reasons and to minimize
German Agricultural Association (DLG). The compos- the animal load, clinical signs were recorded using a
ition of the gestation feed was 14.0% crude protein, 3.0%ligital camera (Canon EOS DC 8.1V, Canon) according
crude fat, 7.0% crude fibre, 6.5% raw ash, 0.7% calciurtp a standardized scheme for later detailed evaluation of
0.45% phosphorus, 0.25% sodium, 0.78% lysine, 0.28%e images (Windows Media Player, Version 12, Micro-
methionine and an energy content of 12,2% ME MJ/kg.soft GmbH, Germany).

The ingredients of the lactation diet were 16.5% crude Clinical alterations in the tail base and tail tip, the ears,
protein, 4.5% crude fat, 5.5% crude fibre, 6.3% rawhe teats and navel, coronary bands, wall horn, ball and
ash, 0.8% calcium, 0.55% phosphorus, 0.25% sodiursgle of the feet as well as the face were assessed indi-
0.96% lysine. 0.31% methionine and an energy contentidually. However, the scoring was more detailed than in

of 13.0 MJ ME/kg. Kuhling et al. [L6]. The following clinical characteristics
were considered and scored 0, if the sign was not visible
Boars or 1, if the sign was visible. The tail was scored for swell-

The study aimed to compare extreme boars in terms ofing, redness, rhagades, exudation, bleeding, tail necrosis
the susceptibility of their offspring to SINS. The aim was and ring-shaped constrictions. The tail base was separ-
not to generate representative data for boar lines ofately screened and scored for the presence of bristles,
breeding companies. Thus, boars were specifically seswelling of the tail base, redness of the tail base, exud-
lected which, on the basis of field observations over theation and clinical signs of necrosis. Ears were scored for
last four years, seemed to have particularly low or par-the presence of bristles, congested ear veins and necrosis
ticularly high SINS levels in their offspring compared to of the ears. Teats were scored for scab formation, swell-
other boars. In this way, 19 boars of two breeds (4 Durocing, reddening, necrosis and congested blood vessels.
boars and 15 Pietrain boars) were used on 39 sows ofhe navel was scored for redness and swelling. The face
two herds. The boars came from 7 different, inter- was scored for oedema around the eyes and nasal
national breeding companies. Detailed information on edema. Each claw was individually scored for wall bul-
the breeding companies is not provided because no repging, wall bleeding, reddening of the heel, heel bleeding
resentative result for the breeding companies can be deand inflammation of the coronary band. All scores were
rived from the targeted selection of boars. The boarsassigned by two experienced persons together. Inter and
were used in both sow herds and had an average of 3#tra-observer effects were not estimated.

offspring with 4 sows. The sows were artificially insemi- The examined binary scores were presented by organ
nated. In order to increase the sow-boar combinationssystem as percentage of affected piglets. In addition, the
on the basis of a manageable number of piglets, all boarpercentages of piglets with the respective findings within
were used in pairs as mixed semen. This means that pigan organ system were summarised as stacked bar charts
lets from two different boars were present in each litter (summed up percentage of affected piglets) to show the
at the same time. Of course, not all possible boar combi-effects of the breed. All recorded binary scores (see
nations could be created, but the number of sow-boarFig. 1) were summed up unweighted to the SINS score.
combinations was doubled. All piglets were assigned toThis resulted in possible SINS scores between 0 and 27
the correct boar by paternity testing. for each piglet.

Paternity testing

Paternity testing was based on the genetic matches beStatistics

tween offspring and boars. The piglets were tail-dockedData were analysed using IBM-SPSS, Version 27 (IBM,
one day after clinical scoring. DNA was extracted as de-Munich, Germany). All composed organ scores were

scribed in Reiner et al.19] from the docked tail tissue. checked using QQ-plots, skewness and kurtosis. The resi-
Genotyping was done with 14 microsatellites in 2 multi- dues of all variables were found to be largely normally dis-

plex PCRs and microsatellite alleles were determined byributed. Scores were analysed using a mixed-effect linear

capillary gel electrophoresisLp]. model with the boar within breed and the breed as fixed
effects and the sow within herd and the herd as random
Clinical scoring effects. Results were presented as least square means with

Inflammation and necrosis were clinically assessed as destandard errors. Binary data were calculated with a gener-
scribed by Reiner et al.14]. The piglets were scored on alised mixed model considering the effects as in the linear
the 3rd day of life to ensure comparability with other model. All data were Bonferroni corrected.
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Fig. 1 Prevalence of inflammation and necrosis in different body parts of the three-day-old piglets

Results

teats were affected. Only the tail tip and the navel

SINS was scored in 646 piglets from 39 sows and 1%howed alterations in less than 10 % of the animals. The
boars from 7 breeding companies. Over 70% of the pigimost common signs were a lack of bristles, swelling, red-
lets showed affections at the tail base, ears, coronarpess and bleeding into the claw wall. Severe alterations
bands and heels (Fidl). In over 40% of the animals the such as rhagades, exudation or necrosis occurred only in

Table 1 Significant differences in the SINS outcome between

boars after Bonferroni correction

Boar number

Different from boar numbers (P < 0.05)

© 00 N oo o b~ W N P

N R R R R R R R R R R
O © 0o N o o bd W N BB O

4-7,19
3,47,16, 19
2,46, 8,15,19
1-3, 818, 20

1-3, 8,9, 11, 12,4188, 20
1-3,8,9, 11, 12, 15, 18, 20

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

47,16,19

46

4

4,5

46

4

4

3, 47,16, 19
2,4,5,8,15,19
47,19

47,19

13, 8, 15, 120
47,19

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 (Fi@).

The SINS score was normally distributed (Fig) 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' bregd<(
0.001), the breeding company (< 0.001) and the boar
(p» <0.001) (Fig4, Tablel). Offspring from Duroc boars
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Fig. 3 Q-Q plot of the normal distribution of the SINS (swine
inflammation and necrosis syndrome) score
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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 (TabiB.
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 mfluenced by boar breed:
significant differences were also found within some
signs for the body parts examined. Figurésshows 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 (f <
0.001) had a significant influence on the clinical out-
come of inflammation and necrosis in the tail base

16

14

12

10

SINS-Score
(o]

CIL ®Mean

confidence intervals

Clu

PI-BC2

PI-BC2

PI-BC6

PI-BC1

PI-BC7

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)













Kuehlinget al. Porcine Health Management (2021) 7:15

Authors’ contributions

JK: Preparation and realisation of the animal experiment, field work, data
collection, review draft of manuscript, KE, ML, SB: Field work and data  11.
collection, HW: molecular genetic parentage of the piglets, GR: Study design,
statistics, manuscript draft. The author(s) read and approved the final 12.
manuscript. 13.

Funding
This study was funded by Ténnies Research, Rheda, Germany and the 14
Akademie fur Tiergesundheit e.V., Bonn, Germany. The funding agencies did
not exert any influence on the experimental design, investigation, evaluation
and presentation of the results. Open Access funding enabled and organiz&@.
by Projekt DEAL.

16.

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request. 1r.

Ethics approval and consent to participate

The animal experiments were approved by the responsible authorities
(Regional Council of Giessen, Germany) under the file numbef9\¢520
15h 02 Gi 18/15 kTV 3/2019 and V1¥c 20 15 h 02 Gl 18/15 kTV 4/2020.

18.

19.
Consent for publication
Not applicable.

20.
Competing interests
The authors declare that they have no competing interests.
Author details 21.
1Department of Veterinary Clinical Sciences, Clinic for Swine,
Justus-Liebig-University, Frankfurter Strasse 112, 35392 Giessen, Germany.
2UEG Hohenlohe, Am Wasen 20, 91567 Herrieden, Germany. 22.

Received: 8 October 2020 Accepted: 15 January 2021
Published online: 28 January 2021 23.
References

1. EFSA. Panel on Animal Health and Welfare (AHAW); Statement on the udé-

Page 10 of 11

intact tails in undocked pigs at the abattoir. Front Vet Sci 20@3;//doi.
0rg/10.3389/fvets.2020.00405

Penny RHC, Edwards MJ, Mulley R. Clinical observations of necrosis of skin
of suckling piglets. Austral Vet J. 1971;473529

Blowey R, Done SH. Tail necrosis in pigs. Pig J. 2003%3L:155

Santi M, Gheller NB, Mores TJ, Marques BM, Gongalves MAD, Gava D,
Zlotowski P, Driemeier D, Barcellos DESN. Tail necrosis in-pigks
report. Retrieved on 15.11.2018 fiiattp://hdl.handle.net/11299/155093

Reiner G, Lechner M, Eisenack A, Kallenbach K, Rau K, Miiller S, Fink-
Gremmels J. Prevalence of an inflammation and necrosis syndrome in
suckling piglets. Animal. 2019;13:2Q07

Reiner G, Lechner M. Inflammation and necrosis syndrome (SINS) in swine.
CAB Reviews. 2019;18:1

Kuehling J, Loewenstein F, Wenisch S, Kressin M, Herden C, Lechner M, Reiner
G. An in-depth diagnostic exploration of an inflammation and necrosis
syndrome in a population of newborn piglets. Animal. 2020; in press.

Reiner G, Kuehling J, Lechner M, Schrade HJ, Saltzmann J, Muelling C,
Daenicke S, Loewenstein F. Swine Inflammation and Necrosis Syndrome is
influenced by husbandry and quality of sow in suckling piglets, weaners
and fattening pigs. Porc Health Managem. 2020;6:32.;in press.

Quinn AJ, Boyle LA, KilBride AL, Green LE. A cross-sectional study on the
prevalence and risk factors for foot and limb lesions in piglets on
commercial farms in Ireland. Prev Vet Med. 2015;1191162

Reiner G, Rumpel M, Zimmer K, Willems H. Genetic differentiation of wild
boar populations in a region endangered by African swine fever. J Wildl
Managem. in press.

Schrader L, Czycholl I, Krieter J, Leeb C, Zapf R, Ziron M.
Tierschutzindikatoren: Leitfaden fiir die PraSishwein. Vorschlage fir die
Produktionsrichtungen Sauen, Saugferkel, Aufzuchtferkel und Mastschweine,
1st ed.; KTBL: Darmstadt, Germany, 2016;451.. 33BN 3945088275.

Zapf R, Schultheil U, Knierim U, Brinkmann J, Schrader L. Assessing farm
animal welfare-guidelines for on-farm self-assessment. Landtech Agric
Eng. 2017;72:2124.

Pfeifer M, Koch A, Lensches C, Schmitt AO, Hessel EF. Acceptance and
feasibility of a guideline for the animal welfare assessment of fattening pigs
from farmerspoint of view. Animals. 2020;10:711.

Diana A, Boyle LA, Manzanilla EG, Leonard FC, Calder6n Diaz JA. Ear, tail and
skin lesions vary according todifferent production flows in a farrow-to-finish
pig farm. Porc Health Managem. 2019;5:19.

Mouttotou N, Green L. Incidence of foot and skin lesions in nursingpiglets

of animal-based measures to assess the welfare of animals. EFSA J. 2012:10:2nd their association with behavioural activities. Vet Rec.

2767.
2. EFSA. Scientific Opinion concerning a multifactorial approach on the use &-

animal and non-animal-based measures to assess the welfare of pigs. EFSA

J. 2014;12:3702.
3. Taylor NR, Main DCJ, Mendl M, Edwards SA. Tail-biting: a new perspective.
Vet J. 2010;186:127. 26.
4. Heinonen M, Orro T, Kokkonen T, Munsterhjelm C, Peltoniemi O, Valros A.
Tail biting induces a strong acute phase response and tail-end inflammation
in finishing pigs. Vet J. 2010;184:303 27.

1999;145:168.

KilBride AL, Gillman CE, Ossent P, Green LE. A cross sectionalstudy of
prevalence, risk factors, population attributable fractions andpathology for
foot and limb lesions in preweaning piglets on commer-cial farms in

England. BMC Vet Res. 2009;8231

Mouttotou N, Hatchell F, Green L. The prevalence and risk factorsassociated
with forelimb skin abrasions and sole bruising in prewean-ing piglets. Prev
Vet Med. 1999;39:231b.

Van Limbergen T, Devreese M, Croubels S, Broekaert N, Michiels A,

5. Ursinus WW, Wijnen HJ, Bartels AC, Dijvesteijn N, van Reenen CG, Bolhuis JBeSaeger S, Maes D. Role of mycotoxins in herds with and without

Damaging biting behaviors in intensively kept rearing gilts: the effect of
jute sacks and relations with production characteristics. J Animal Sci. 20148.
92:5193202.

problems with tail necrosis in neonatal pigs. Vet Rec. 2017;181:539.
Schrauwen E, Thoonen H, Hoorens J, Houvenaghel A. Pathophysiological
effects of endotoxin infusion in young piglets. Br Vet J. 1986;1420364

6. Nannoni E, Sardi L, Vitali M, Trevisi E, Ferrari A, Barone F, Bacci ML, BaR8ieri Guillou D, Demey V, Chacheyras-Durand F, Le Treut Y. Mise en evidence du

Martelli G. Effects of different enrichment devices on some welfare
indicators of post-weaned undocked piglets. Appl Anim Behav Sci. 2016;

184:2534. 30.

transfer des endotoxines de la truie vers sa portée dans le context du
syndrome de dysgalactie post-partum. J Rech Porc. 2013:45.269
Vallance TM, Zeuner M-T, Williams HF, Widera D, Vaiyapuri S. Toll-like

7. Thodberg K, Herskin MS, Jensen T, Jensen KH. The effect of docking length receptor 4 signalling and its impact on platelet function, thrombosis, and

on the risk of tail biting, tail-directed behaviour, aggression and activity
level of growing pigs kept under commercial conditions. Animal. 2018;12:

2609-18. 31

haemostasis. Mediators of Inflammation; 2017. Available from: URL: https:
/Idoi.org/https://doi.org/10.1155/2017/9605894
Oth T, Vanderlocht J, Van Elsen CHMJ, Bos GMJ, Germeraad WTV. Pathogen-

8. Harley S, More SJ, O'Connell NE, Hanlon A, Teixeira DL, Boyle LA. Evaluatingssociated Molecular Patterns induced crosstalk between dendritic cells, T

the prevalence of tail biting and carcase condemnations in slaughter pigs

in the republic and Northern Ireland, and the potential of abattoir meat

inspection as a welfare surveillance tool. Vet Rec. 2012;171:621. 32.
9. Lahrmann HP, Busch MEdth RB, Forkman B, Hansen CF. More tail lesions

among undocked than tail docked pigs in a conventional herd. Animal.

2017;10:18281. 33.
10.

as a welfare indicator in finishing pigs? Scoring of tail lesions and defining

helper cells, and natural killer helper cells can improve dendritic cell
vaccination. Mediators of Inflammation 2016;2018;1Article ID 5740373.
Klopfenstein C, Farmer C, Martineau GP. Diseases of the mammary glands and
lactation problems. In: Straw BE, Zimmermann JJ, Taylor DJ, editors. Diseases of
swine. 9th ed. Ames: lowa State University Press; 2006.68. 833

Reiner G, Hertrampf B, Richard HR. Postpartales Dysgalaktiesyndrom der Sau

Valros A, Vélimaki E, Nordgren H, Vugts J, Fabrega E, Heinonen M. Intact tails eine Ubersicht mit besonderer Beriicksichtigung der Pathogenese.

Tierarztl. Prax. 2009;5:3@


https://doi.org/10.3389/fvets.2020.00405
https://doi.org/10.3389/fvets.2020.00405
http://hdl.handle.net/11299/155093
https://doi.org/10.1155/2017/9605894




	Abstract
	Background
	Materials and methods
	Experiment and experimental animals
	Herd1
	Feeding

	Herd 2
	Feeding
	Boars
	Paternity testing
	Clinical scoring
	Statistics


	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

