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Introduction

Annual costs due to Porcine Reproductive Respiratory Syndrome Virus (PRRSV) infections in
the US were recently estimated at 1.2 billion dollars (Osemeke et al., 2025). Costs due to
disease are even higher because the study only took the direct financial cost of PRRSV into
account. Costs that cannot be materialized (e.g. impaired animal and farmer welfare) were not
considered. In light of this, and despite preventive measures already taken by farmers,
additional measures are important to reduce the impact of disease. Research conducted by our
group showed that selection for enhanced disease resilience can be used to enhance production
results and decrease mortality (Dunkelberger et al., 2026). Genetic potential for disease
resilience, however, is hardly expressed in purebred high health nucleus environments, where
pathogenic exposure is low compared to commercial pig production environments. When
potential trade-offs between production traits and robustness traits, e.g. disease resilience, are
not considered this may be harmful from a societal, commercial (Knap and Doeschl-Wilson,
2020) or an animal welfare perspective. Some production traits may already contribute to
disease resilience to some extent, such as lactation and finishing survival, sow longevity, and
feed intake. In the absence of disease, however, the possible impact of selection for enhanced
disease resilience on production traits is not well understood. Therefore, objectives of this study
were to: 1) validate the effect of our routinely used GBP5 marker for PRRSV resilience under
disease challenged conditions; and 2) estimate correlations between breeding values for disease
resilience traits and 99 other production traits (e.g. finishing, meat quality and reproduction
traits), and genotype probabilities routinely estimated for seven SNP markers.

Materials and methods

Mortality and growth after experimental inoculation with PRRSV, and natural exposure to
other pathogens, were obtained from six individual trials. Trials, in total, included phenotypes
on 2,188 crossbreds and 8,389 finishers of four purebred lines. Experimental design of these
trials was previously published by Dunkelberger et al. (2026). Data collection included
recording of individual body weights at 0 and 28 days post-inoculation (dpi), and any instances
of mortality during this same timeframe. Mortality events, i.e. a ‘health challenge mortality’
(HCM) were recorded as ‘100’ and as ‘0’ for animals that survived during this same timeframe.
Average daily gain i.e. ‘health challenge growth’ (HCG) was defined as the difference between
body weight at 28 dpi and 0 dpi, divided by the phase length (28 days). Breeding values for
HCM and HCG were estimated through univariate models. The genomic relationship matrix
included genotypes (20K SNP) of 8,711 phenotyped animals, as well as 18,404 F1 genotypes,
and 847,712 purebred ancestors. Breeding values were estimated as

y=Xb+Zu +e (1)

where y represents either HCG (grams) or HCM, X is the design matrix for the fixed effects,
Z. is the design matrix for the random effects, vector b holds the fixed effect solutions, vector
u holds the random effect solutions and vector e holds the residuals. Fixed effects fitted in
matrix X are the line (genetic background) of the pigs, sex, treatment (whether/not the animal
received antibiotic treatment between 0 and 28 dpi), and trial. Age of the animal at the start of
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the trial, weight at the start of the trial and the interaction between age and treatment were fitted
as covariates. Random effects included in matrix Z are the direct genetic effect, the common
environmental effect, and in case of HCG an additional pen effect. Breeding values were
estimated using the MiXBLUP software package (Vandenplas et al., 2022). Breeding values
for HCM were converted to a probability scale according to De Oliveira Padilha et al. (2025).
Pairwise Pearson correlations were calculated between breeding values for HCM and HCG
with 106 other traits, including genotype probabilities for seven SNP markers (not included in
the genomic relationship matrix), available from routine evaluations. Because millions of
animals are included in routine evaluations, a subset of trial animals and 15,000 of their direct
relatives was used for this analysis.

Results

Validation SNP markers under challenged conditions

Genotype probabilities for a mutation within the GBPS gene, one of the routine SNP markers,
were favorably correlated with HCM (-0.14) and HCG (0.27). Animals carrying the favorable
and dominant A allele showed lower HCM and had preferable breeding values compared to
animals homozygous for the C-allele (Table 1). In addition, a favorable correlation for HCG (-
0.16) and HCM (0.11) with another marker in routine evaluations was found, where the
favorable allele also results in lower HCM and higher HCG (Table 1). Standard errors on these
estimates were below 0.01. Because of commercial interests, meta-data on this marker are not
disclosed here, so this marker is referred to as M1.

Table 1. Averages of health challenge mortality (%; HCM), health challenge growth (grams;
HCG), and corresponding breeding values (EBV_HCM, EBV_HCG) in the GBP5 and M1
marker genotype classes (U = unfavorable allele, F = favorable allele; “P-value < 0.05, “P-
value < 0.001).

Marker | Genotype #animals HCM EBV_HCM HCG EBV_HCG
GPBS | FF 227 10.1 -1.66 507.70 28.48
GPBS5 | FU 1707 10.7 -2.07 519.78 19.26 ™
GPB5 | UU 6777 18.3" 0.10™ 437.217 412"

M1 | FF 1044 11.3 -2.77 510.86 24.24

M1 | FU 4053 13.6"  -1.04™ 459.477  4.62™

M1 | UU 3614 21.5%  1.07% 435.06 " -9.03™

When genotypes of the two markers are combined results suggest that the marker effects are
additive (Table 2). Phenotypically, the larger the proportion of favorable alleles, the lower the
average HCM and the higher the average HCG. Breeding values for these traits reflect the
phenotypes: favorable alleles lead to lower HCM and higher HCG.

Correlation with production traits. Correlations between HCM and HCG and 106 traits from
the routine evaluations were small; for HCM ranging between -0.30 (HCG) and 0.19 (MC4R
marker) and for HCG between -0.3 (HCM) and 0.27 (GBP5 marker). Slightly favorable
correlations were found between breeding values for HCM with piglet vitality (-0.10), and for
HCG with sow longevity (0.12). A slightly unfavorable correlation was found between HCM
and total feed conversion (-0.12) and between HCG and gestation length (0.12). Standard errors
on these estimates were all below 0.005.



Table 2. Averages of health challenge mortality (%; HCM), health challenge growth (grams;
HCQG), and corresponding breeding values for GBP5 and M1 marker genotype combinations
(MC), ordered by proportion of favorable alleles (fprop) (U = unfavorable allele, F = favorable
allele; "P-value < 0.05, *"P-value < 0.001, *X significantly different from fprop XX ).

MC Phenotype EBV
(GPB5 | M1) fprop (%) #animals HCM HCG HCM HCG
FF|FF 100 17! 11.8 570.79 -5.26 53.18
FF|FU 75 95 9.5 457.24 -2.26 27.36
FUI|FF 75 211 6.6 583.43 -4.09 38.34
Average 75' 8.1 520.34 -3.18 32.85
FF|UU 50 115 10.4 542.07 -0.64 25.75
FU|FU 50 763 8.8 515.18 -2.60 20.30
UUIFF 50 816 12.5 490.04 -2.38 19.99
Average 50 10.6"° 515760 -1.87"0  22.01"Y
FU|UU 25 733 13.8 505.35 -0.93 12.69
UU|FU 25 3195 14.9 445.46 -0.63 0.21
Average 25 14.4730 475417 -0.78 6.457%
Uu|uu 0 2766 24.07%  408.627°%  1.687%°  -16.24"%

! Given the low number of animals carrying this MC, values corresponding to the MC with fprop 100
are not taken into account in the comparison of the performance of the different MC’s

Discussion

To reduce the impact of disease on pig production as a whole, it is of importance to have
knowledge on how disease affects survival and performance and to explore means to reduce
impact of the diseases. PRRSV not only causes disease, but also manifests itself as an
immunosuppressant, providing a gateway for secondary infections to manifest and flourish (Li
et al., 2026). Therefore, HCM and HCG measured in these trials are not only a measure of
PRRSYV resilience, but they reflect a broader measure of disease resilience in a challenged
(commercial) environment. The differences in average HCM and HCG, on a phenotypic level
as well as breeding values, between the different marker genotype classes breeding values
suggest that selection for the favorable alleles of the GBP5 and marker M1 already has the
potential to reduce mortality and enhance growth rate during challenge. Correlations between
health challenge traits and traditional production traits indicate minimal trade-offs, when both
would be included in a selection index. These results suggest the possibility of continued
selection for enhanced performance (under non-challenged conditions) without negatively
impacting disease resilience. This finding contradicts modern resource allocation theory, which
hypothesizes that selection for increased performance will increase susceptibility to disease as
a correlated response (Huber, 2018). These results also indicate that dedicated health challenge
traits should be added to the index to further enhance disease resilience. Still, health challenge
phenotypes are final outcomes of a complex immunological cascade of events upon infection,
and an interplay of the innate (He., 2025) and the adaptive immune system (Li et al., 2026).
For the reported markers, more research is needed to gain an understanding of the role of these
alleles in this cascade. It is not known how they function in this cascade, how they contribute
to the observed phenotypes and which biological functions might be affected in case selection
would drive one, or both, closer to fixation of the currently favorable allele. It is also possible
that the favorable allele for reduced mortality and higher growth following exposure to one



pathogen may not be (as) favorable following exposure to a different pathogen. For this reason,
it is important to collect data following exposure to a variety of pathogens, which is the
approach used to estimate and validate breeding values for HCM and HCG.

Conclusions

The results validate the effect of two genetic markers for PRRSV resilience in field trials, where
for both markers favorable genotypes were associated with lower health challenge mortality
and greater growth under challenge. Correlations between mortality and growth under
challenge with other traits in the breeding program were low. As such, selection based on health
challenge mortality and health challenge growth presents a promising opportunity to select pigs
for enhanced resilience to disease challenge without compromising the improvement of
production traits.
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