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Introduction

Skin damage (DMG) and biting behavior in pigs are significant economic and welfare concerns
in modern swine production. While DMG is widely recognized as a welfare and economic
concern, Swine Inflammation and Necrosis Syndrome (SINS), initially described in piglets by
Reiner et al. (2019) and more comprehensively characterized by Reiner et al. (2021),
represents a novel challenge, requiring further research into its economic impact,
pathophysiology, and potential genetic or environmental risk factors.

The syndrome is characterized by inflammation, lesions, and necrosis in multiple body parts
(e.g., tail, ears, teats, and claws) that are not caused by external factors such as trauma (e.g.,
fighting) or infections (Ringseis et al., 2021). Given this premise, SINS is more easily
characterized in the first week of life, particularly at birth, when piglets have not yet been
exposed to social interaction and environmental pathogens, and in the fourth week of life, when
primary lesions are most evident and less confounded by secondary damage (Becker et al.,
2025). Studies have shown that the prevalence of SINS in piglets in at least one body part
exceeds 50%, and that every evaluated herd was affected (Reiner et al., 2019; Kuehling et al.,
2021; Leite et al., 2023).

Despite this, Leite et al. (2023) found evidence of a genetic correlation between SINS and
DMG. They hypothesized that animals affected by SINS are more prone to accepting bites
from other individuals since the inflammation causes itching in the affected region (Reiner et
al.,2019; Leite et al., 2023). In addition, the endogenous processes associated with SINS may
compromise the integrity of the skin, making these areas more susceptible to external
mechanical irritations (Koenders-van Gog et al., 2025). The existence of a genetic correlation
between SINS and DMG would carry substantial implications for genetic selection and animal
welfare in swine breeding programs. Given that, in this study, we aimed to investigate whether
1) there is a genetic correlation between SINS and skin damage, 2) there is a direct and maternal
genetic effect on SINS, and 3) there are genetic variants and important genes associated with
SINS.

Materials & Methods

Animal care and use committee approvals were unnecessary as the data were obtained from
preexisting databases.

Dataset. We analyzed phenotypes from 6,955 purebred and two-way crossbred female piglets
born from February 2022 to June 2023 on three farms in the Netherlands. Piglets were born
from 958 litters produced by 718 purebred sows (Landrace and Large-white) and 172 purebred
boars (Hampshire, Large-white, and Landrace). Scores for SINS were collected on the ears
(Ear_sins), tail (Tail sins), and teats (Teats_sins), where SINS was scored as a binary trait
defined as the presence (score 1) or absence (score 0) of inflamed, swelled, or necrotic outer
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skin tissue on three body parts at birth. Despite SINS scores being recorded on individual body
parts, they were also combined into a single score, defined as total SINS (Total sins), where
Total sins is the number of affected individual body parts. The tail was docked after SINS
phenotyping.

Piglets phenotyped for SINS at birth were subsequently evaluated for skin damage (DMG) up
to four times during the rearing phase (resulting in approximately 20k phenotypic records).
Skin damage was defined as any visible skin lesion (mainly scratches), irrespective of origin,
as lesions arising from damaging behaviors (e.g., fighting, tail or ear biting) and swine
inflammation and necrosis syndrome cannot be reliably distinguished at later stages of life.
Data were collected on the ears (Ear_dmg), tail (Tail dmg), and flanks (Flank dmg). DMG
scores for each body part ranged from 0 to 3 (0= no DMG, 1= slight, 2= severe, and 3= very
severe DMG). Additionally, similar to SINS, we created a combined score by summing the
individual scores from the three body parts, referred to as Total dmg.

Genetic parameters. Single-trait animal models were used to estimate variance components
and heritabilities for SINS and DMG in the tail and ears. The models were as follows:
ysins:Xsbs+Z1Ua+Z2um+Z3C+es ( 1 )
Yamg=Xdba+tZ1g +Z2ua +Z3petedq 2)
where y is the vector of phenotypes for SINS and DMG on the ears and tail or the total for each
trait, b is the vector of fixed effects, ua, um, ¢, g and pe are vectors for the random effects (direct
and maternal genetic effects and common litter environment for SINS, and pen group, direct
genetic, and permanent environmental effects for DMQG). The X, Z1, Z2, and Z3 are incidence
matrices for the effects in b, ua, um, ¢, g, and pe, and e is the vector of random residuals.
Random effects were assumed to follow [Ua, um]~N(0, A®X ), ¢~N(0, I®c2%), g~N(0, I®c?,),
pe~N(0, I®G%,e), and e~N(0, I®G2).
For comparison, the total score for each trait included all measured body parts, ears and tail for
both traits, plus teats for SINS and flanks for DMG. Two-trait animal models (Eq. 1 and Eq.
2) were used for genetic correlation estimations between SINS and DMG in the ears, tail, and
total.

Genome-wide association study (GWAS). A total of 4,947 animals were genotyped, where
41.62% had their phenotypes collected. A GWAS was performed using a sliding-window
approach (30 adjacent SNPs) to estimate the percentage of genetic variance explained by SNP
windows. We used the SINS model as described above (Eq. 1). Windows explaining more than
1% of the genetic variance for SINS were selected for gene identification using the Sscrofa
11.1 genome assembly and Ensembl Release 113.

Results & Discussion

The number of records and the prevalence of SINS and DMG scores in each body part, as well
as the total number of affected body parts for SINS and the sum of scores for DMG, are shown
in Fig. 1. All 6,955 animals had their phenotypes collected for SINS in all three body parts. Of
these, 25.8%, 61.6%, and 32.5% of the animals presented SINS signs in the ear, tail, and teats,
respectively (Fig. 1A). Regarding the total affected parts, 78.1% of the animals presented signs
of SINS in at least one body part. About 44.0% (N = 3,059) had SINS signs in only one part,
26.4% (N = 1,834) had two affected parts, and 7.7% (N = 537) presented SINS signs in all
three parts. From a total of 958 evaluated litters, with on average 7.3 + 2.5 females phenotyped
per litter, only 7 litters did not have any affected piglets, 599 litters (62.5%) had at least one
piglet presenting SINS signs, whereas, in 352 litters (36.7%), all phenotyped piglets were
affected. The prevalence of DMG scores in each body part, as well as the sum of the scores, is



shown in Fig. 1B. Specifically, DMG was present in at least one body part (Total dmg > 0) in
62.1% of cases, with 12,845 records exhibiting some level of DMG.
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Figure 1. (First column) Number of records and prevalences for Swine Inflammation and
Necrosis Syndrome (SINS) score in the ears (Ear_sins), tail (Tail_sins), teats (Teats_sins), and
the total of affected body parts (Total sins). SINS scores were collected in around 7k piglets
at birth; (Second column) Number of records and prevalences for Skin Damage (DMG) score
in the ears (Ear dmg), tail (Tail dmg), flanks (Flank dmg), and the sum of scores
(Total _dmg). DMG scores were collected, on average, three times on around 6k gilts during
the rearing phase.

Direct heritabilities for SINS and DMG ranged from 0.03 to 0.09, whereas maternal
heritabilities for SINS ranged from 0.01 to 0.05, as shown in Table 1. For DMG in the ear and
total, the genetic correlation with total SINS was high. As the animals had their tail docked,
this impacted the prevalence of DMG in the tail, resulting in a low correlation with this body
part. Genetic correlations between SINS and DMG ranged from 0.20 to 0.78 across body parts
and the combined score. Our study indicates that DMG can be reduced indirectly by selecting
against SINS at an earlier age.

Tablel. Heritabilities (h?) and genetic correlations (£SE) for Swine Inflammation and Necrosis
Syndrome (SINS) and Skin Damage (DMG) traits across body parts.

Trait Parameter Ear Tail Total

SINS h? direct 0.03+£0.02 0.03+0.01 0.08 £0.01
SINS h? maternal 0.05+0.04 0.01+£0.00 0.04 £ 0.05
DMG h? direct 0.08+£0.01 0.05+0.01 0.09 +£0.01

SINS-DMG Genetic correlation 0.78£0.00 0.20+0.05 0.76 £ 0.00

GWAS detects associations between genetic variants (SNPs) and a trait by analyzing genotype
and phenotype data across individuals. Using the sliding-window approach with 30 adjacent
SNPs, we identified five non-overlapping windows that explained more than 1% of the direct
genetic variance for Total sins, and, in total, 96 genes were located within these windows.



However, we highlighted only those genes associated with inflammation, necrosis, and
epithelial tissue formation, since our phenotype was evaluated based on skin appearance. In
this context, four protein-coding genes were identified on SSC1 for Total sins: DLLI1 (delta-
like canonical Notch ligand 1), PHF10 (PHD finger protein 10), WDR27 (WD repeat domain
27), and THBS2 (thrombospondin 2).

Conclusions

Swine Inflammation and Necrosis Syndrome, expressed in multiple body parts of piglets,
shows evidence of a direct genetic component, although maternal heritability estimates were
low and associated with high standard errors. Total sins and Total dmg are strongly
genetically correlated, which suggests that selection decisions for less skin damage may be
taken earlier in life, based on SINS, and that piglets genetically less susceptible to SINS are
more likely to experience an increase in their welfare throughout the production system.
Although SINS is a polygenic trait, using a window-based approach, we identified four linked
genes (DLL1, PHF10, WDR27, and THBS2) that are primarily involved in embryonic and
tissue development, which could be promising putative genes for future exploration.
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