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Introduction

Porcine reproductive and respiratory syndrome (PRRS) is a global disease that affects pigs at
all stages of production and causes major economic losses. Previous research conducted by our
group provides evidence of substantial genetic variation in host response to PRRS, indicating
that genetic selection can be used to breed pigs for enhanced, natural resilience to PRRS virus
(PRRSv)-infection. Since 2018, Topigs Norsvin has been collecting data from crossbred
animals (of various genetic lines) under disease-challenged conditions, including exposure to
PRRSv. Results from previous analyses show that host response to PRRS is heritable, whether
analyzed for each trial (separately), or in a combined analysis (Dunkelberger et al., 2026). The
objective of this study was to evaluate the accuracy of genomic prediction for host response to
PRRS challenge using data collected across genetic lines, and under various challenged
conditions. To address this objective, a leave-one-out validation approach was used, where the
most recent challenge trial was used as the validation dataset, and prior challenge trials were
used as the training dataset.

Materials & Methods

Experimental design. Phenotypic data were available for eight total disease challenge trials
(Table 1). Pigs in Trials 1-3 and 6 were three-way commercial crossbred finishing barrows and
gilts, whereas pigs in Trials 4-5 and 7-8 were F1 barrows. For each trial, pigs were produced at
a commercial sow farm and transported to a wean-to-finish facility at weaning. For Trials 1-3,
pigs were vaccinated for PRRS post-arrival using a commercially available modified live virus
PRRS vaccine; pigs in Trials 4-8 were not vaccinated for PRRS. Between three and seven
weeks post-placement (depending on the trial) each pig was experimentally inoculated with the
same infectious dose of PRRSv via intramuscular injection, and exposed to various viral and/or
bacterial pathogens prior to and after inoculation, which were detected via routine diagnostic
surveillance.

Table 1. Overview of the eight disease challenge trials.

Trial N Genetic Sex PRRS Average age PRRSV
background' vaccination  at challenge’>  inoculum
1 1433 B Gilts, barrows Yes 52 1-7-4
2 1947 B, C Gilts, barrows Yes 70 1-7-4
3 2134 B, C Gilts, barrows Yes 60 1-4-4,1-74
4 1115 A Barrows No 32 1-4-4
5 1069 A Barrows No 44 1-4-4
6 2850 B, C Gilts, barrows No 51 1-8-4
7 1057 A Barrows No 47 1-4-4
8 1143 A Barrows No 44 1-4-4

' A = Landrace x Large White, B= Synthetic x (Landrace x Large White), C=Duroc x (Landrace x Large White)
2 Age in days
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Individual body weights were recorded at weaning, 0 days post infection (dpi), and at
marketing for each trial. For some trials, individual body weights were also recorded at one or
more of the following timepoints: 13 dpi, 28 dpi, 42 dpi, or at death. Ear tissue was collected
from each pig and submitted for genotyping using an Illumina Neogen custom 25K single
nucleotide polymorphism chip (Lincoln, NE, USA).

Phenotypic Traits. Average daily gain (ADG) following PRRSv infection was calculated as
the ratio of body weight gain from 0 to 28 dpi to the phase length in days. Animals with missing
body weight data at 28 dpi (including animals that died prior to 28 dpi) were not included in
analyses. Mortality was defined as died/survived between 0 and 28 dpi.

Genetic Parameters. Analyses of ADG and mortality post-infection were performed using a
single-trait animal model described in Eq.1 which included fixed effects of sex (barrow or gilt);
genetic background ( 2- or 3-way crossbred); treatment (if the animal received one or more
antibiotic treatments during the trial, yes or no); trial number; body weight at inoculation
(covariate); age at inoculation (covariate); and the interaction effects of sex with genetic
background and age at inoculation with treatment; a random additive genetic effect based on a
G matrix constructed from SNPs with a call rate > 0.80 and a minor allele frequency > 0.05;
and random effects of pen (at placement) and litter.
y=u+Xb+Za+Zpen+Zlitter+e ()

Mortality was analyzed as a binary trait using the logit link function. Analyses were conducted
using ASReml-R 4.2.2 (Butler et al., 2017) and G matrices were constructed using the
ASRgenomics 1.1.4 package (Gezan et al., 2022), both implemented in RStudio.

Training and Validation Datasets. Accuracy of breeding value estimation was assessed for
both traits using the linear regression (LR) method (Legarra and Reverter, 2018). The LR
method uses two datasets: a “Whole” dataset, containing all phenotypes (including those in the
validation dataset), and a “Partial” dataset, containing all phenotypes except those included in
the validation dataset. In this study, the validation dataset consisted of data from the most recent
challenge trial (Trial 8).

Results

Outliers were inspected for age and weight at inoculation and ADG using the interquartile
range (IQR) method with a scale of 3. Outliers were only detected (and removed) for age at
inoculation. The final number of observations, raw means, and standard deviation per trait are
listed in Table 2, for animals with genotype information. Pigs in Trials 1, 2, and 3 were not
weighted at 28 dpi, therefore, animals from these trials were not included in analyses for ADG.
Mortality rates were lower for trials where pigs were vaccinated for PRRS (5.65%, Trials 1-
3), compared to trials where pigs were not vaccinated for PRRS (27.94%). However,
vaccinated pigs were also, on average, older than non-vaccinated pigs at inoculation. Genetic
parameters for the Partial, Whole, and Validation datasets are shown in Table 3. Heritability of
ADG ranged from 0.09 to 0.27 (estimates by trial not shown). Heritability of mortality by trial
ranged from 0.10 to 0.3 1(estimates by trial not shown).

Results of LR validation showed a prediction accuracy of 0.49 for ADG, with a small upward
bias (2.30 grams) but no evidence of dispersion (0.92). For mortality, prediction accuracy was
0.64, with no evidence of bias (—0.06) or dispersion (0.97).



Table 2. Descriptive statistics for average daily gain (ADG) and mortality following infection
by trial and for the Partial, Whole, and Validation datasets.

ADG (gr/day) Mortality (%)

TRIAL count mean SD count mean SD

1 NA NA NA 1,396 9.38 29.17
2 NA NA NA 1,830 4.54 20.81
3 NA NA NA 2,111 3.03 17.15
4 714 197.13 121.27 1,079 33.55 47.24
5 584 253.65 154.79 1,001 35.86 47.98
6 2,348 386.61 242.77 2,785 21.40 41.02
7 662 307.35 169.34 854 23.19 42.23
Partial 4,308 325.00 218.44 11,056 16.22 36.82
Whole 5,033 321.36 213.47 12,071 17.02 37.58
Validation 725 299.68 179.76 1,015 25.71 43.73

Table 3. Additive variance (02), litter variance (6%, ) and heritability (hz) estimates (+ SE)
for average daily gain (ADG) and mortality following infection for the Partial, Whole, and
Validation datasets.

0(21 0_lzitter hz
ADG
Partial 7,318 + 884 1,615 381 0.25+0.03
Whole 7,701 + 809 1.277 £ 321 0.27 £0.02
Validation 5,037 £ 1456 0.00 £ 0.00 0.27£0.07
Mortality
Partial 0.979 £0.12 0.176 £0.06 0.22 +£0.02
Whole 1.002 £0.11 0.219+£0.06 0.22+0.02
Validation 0.589 +£0.32 0.704 £0.25 0.12+£0.06
Discussion

Heritability of ADG post-inoculation was slightly lower (0.09 - 0.27) than the heritability
reported from previous challenge studies where pigs were experimentally inoculated with
PRRSV (0.30 — 0.41) (Boddicker et al., 2012, Hess et al., 2016, Dunkelberger et al., 2017) or
following natural exposure to various pathogens, including PRRSV (0.25 - 0.30) (Putz ef al.,
2019, Cheng et al., 2020). Estimates of heritability of mortality post-infection from pigs
experimentally inoculated with PRRSV are not available, however one study using pigs
naturally infected with a highly virulent PRRSV strain (Rosalia) reported a survival heritability
for growing-finisher pigs of 0.38, while Putz ef al. (2019) and Cheng et al. (2020) reported
heritabilities of 0.13 and 0.08. Estimates of heritability for mortality are dependent on the
incidence, as with all binary traits, and this is observed by the large range of estimates in our
study and in the cited literature. Taking all together, our estimates are consistent with previous
analyses and corroborate that the host response to disease challenge is heritable.

Prediction accuracy is typically defined as the correlation between estimated breeding values
(i.e., when validation animal phenotypes are not included in the model) and true breeding
values (i.e., phenotypes adjusted by fixed effects estimated from complete data). However,
obtaining adjusted phenotypes may be challenging for categorical traits, because the fixed
effects and observed phenotypes originate from different distributions (Legarra and Reverter,
2018). The LR validation method avoids this limitation and can be applied to many types of
models and traits, including binary traits, such as mortality. Results from a study conducted by
Leite et al. (2021) showed that the prediction accuracy of survival ranged from 0.28 to 0.36,



when evaluated across different phases of pig production, compared to 0.49 and 0.64 for ADG
and mortality, respectively, for the current study. This is an encouraging finding, given the
number of differences between the datasets included in this study, such as differences in:
genetic background, PRRS vaccination status, health status before inoculation, pathogens
detected before and after PRRSv exposure, PRRSv inoculum, and age at challenge.

Conclusion

This study demonstrates that data collected across diverse genetic lines and challenge
conditions can reliably predict ADG and mortality following disease challenge in an
independent dataset. This combined dataset can therefore support selection for improved
natural resilience to multifactorial disease challenge
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