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Introduction

The practice of crossbreeding dairy dams to beef sires, known as beefxdairy production systems,
continues to grow in the U.S. cattle industry (Poock and Beckett, 2022). The shift from straightbred
dairy animals towards beefxdairy crossbred animals has been driven mainly by the greater
reproductive efficiency in dairy herds, the development and success of sexed semen technology,
and cattle feeding and packer signals discriminating against less efficient straightbred dairy cattle
performance (Basiel and Felix, 2022). The dairy influence in feeder cattle is associated with greater
marbling, enhancing meat quality attributes in beefxdairy crossbred cattle; however, these crosses
also exhibit a higher incidence of liver abscesses (Foraker et al., 2022), which increase production
costs, decrease productivity, and reduce liver and carcass values. Controlling the incidence of liver
abscesses is essential for increasing the value of beefxdairy crossbreds within the supply chain.
The incidence of liver abscesses in beefxdairy crossbred cattle is reportedly intermediate (40 to
60%) compared with straightbred dairy cattle (50% to 80%) and conventional beef cattle (15% to
30%) (Herrick et al, 2024). It is widely accepted that the higher incidence of liver abscesses in
dairy cattle results from feeding a high-concentrate diet over extended periods, which increases
the risk of ruminal acidosis and subsequent liver abscess development (Rezac et al., 2014).
Traditionally, this has been managed primarily through antibiotics and nutritional strategies
(Amachawadi and Nagaraja, 2016). In addition to management practices, a complementary
approach for reducing liver abscess incidence in dairy-influenced cattle is through genetic
selection. Therefore, the objectives of this study were to estimate genetic parameters for liver
abscess in beefxdairy crossbred cattle and to develop a commercially viable genetic evaluation
framework that can be used in breeding selection programs.

Material & Methods

Data were obtained from the Zoetis INHERIT Select™ commercial genomic evaluation database
(details of the product available at https://beefgenetics.com/products/inherit-select). Liver abscess
scores and carcass traits were recorded for 3,522 cattle, with an average age at harvest of 470 d
(ranging from 368 to 575 d of age). Livers were scored according to the absence or presence of
liver abscesses and their severity as 0 (no abscess evident), A (up to four well organized abscesses
less than 2.5 cm in diameter), and A+ (one or more large active abscesses present along with
inflammation of the liver tissue surrounding the abscesses or more than four small or old abscesses
less than 2.5 cm in diameter). In general, a liver abscess score of A+ is associated with lower
dressing percentages, leading to greater economic losses (Poock and Beckett, 2022). Therefore,
the target trait was defined as absence (0 and A scores, coded as 0) vs. presence (A+, coded as 1)
of severe liver abscesses. Pedigree information was available for 2,127,278 beef cattle animals up
to 31 generations but was not available for the beefxdairy crossbred animals. Genotype
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information was available on 42,915 SNP after quality control for 539,354 animals, including all
beefxdairy crossbred animals. Genomic breed composition was obtained using a Zoetis proprietary
pipeline based on Alexander et al. (2009). Genetic parameters were obtained from an animal linear
model by fitting a genomic relationship matrix (GBLUP) from the first method described by
(VanRaden, 2008) in ASReml 4.2 (Gilmour et al., 2015), including the fixed effects of sex,
genomic retained heterozygosity, age at harvest, and contemporary group, defined as combination
of harvest lot and date. A preliminary analysis was performed using a threshold probit model. The
correlation between solutions obtained from linear and threshold models was 0.996, thus we
treated severe liver abscess phenotype as a linear trait due to greater computing efficiency. Final
estimated breeding values were obtained with single-step GBLUP (ssGBLUP) method (Aguilar et
al., 2010), by combining pedigree, phenotype, and genomic data into a single analysis, using
BLUPF90 (Aguilar et al. 2010). Predictions were validated in an independent dataset as part of a
Zoetis-sponsored study (n=257; incidence of liver severe abscess=42%). For that, adjusted
phenotypes were obtained by incorporating all information available (phenotypes, pedigree, and
genotypes) and compared with estimates obtained from a model including genotype but not
phenotype for the validation population. Estimated breeding values (EBV) were transformed into
probabilities (i.e., probability of having a severe liver abscess score) based on the cumulative
density function value of the normal distribution with the formula: pnorm((GEBV-
mean(EBV))/\(¢2)), where pnorm is the cumulative density function value of the normal
distribution, and V(c2) corresponds to the square root of the genetic standard deviation (Hidalgo
et al., 2022). The EBV were divided by two to represent expected progeny differences (EPD).
Cattle were ranked based on their EPD and divided into quartiles. The mean EPD (probability
scale), adjusted phenotype, and observed phenotype (i.e., incidence of a severe liver abscess score)
were computed for each quartile to assess the difference between the top and bottom-ranked cattle.

Results & Discussion

The beefxdairy population in this study was mainly composed by AngusxHolstein (47%) and
AngusxLimousinxHolstein (19%) crosses. Most beefxdairy cattle in the U.S. are sired by Angus
bulls, with substantial contributions from Simmental and Limousin breeds (Poock and Beckett,
2022). Combining different breeds allows for the exploitation of breed complementarity and
hybrid vigor. For example, traditional British breeds (i.e., Angus) contribute to ease of calving and
greater marbling scores and can be complemented by the superior muscling and product yield of
continental breeds (i.e., Simmental and Limousin) (Berry, 2021). With a growing market demand
for beefxdairy calves, breeding programs are increasing the focus on identifying beef breeds and
specific sires that provide better complementarity with dairy breeds. In this study, the observed
incidence of liver abscess (63.3%, with 13.6% presenting small abscesses, A, and 49.7%
presenting severe abscesses, A+) was slightly higher than the reported range of 40 to 60% for
beefxdairy crosses (Foraker et al., 2022), when considering the trait as presence vs. absence of
liver abscesses. Estimates of heritability, genetic variance, and residual variance for severe liver
abscess phenotype were 0.07 (SD = 0.02), 0.02 (0.006), and 0.23 (0.007), respectively. The
estimated heritability is consistent with the heritability estimate of 0.10 reported by Hess et al.
(2025), although they used a different trait definition (Liver Score; 0, A-, A, and A+) and threshold
model estimation. Other studies as Keele et al. (2016) reported 35 SNP associated with liver
abscesses in beef cattle (abscess vs. no abscess). These SNP were associated with genes involved
in regulating gastrointestinal pH, liver repair following injury, and immune cell function. These
findings supported the role of acute and subacute ruminal acidosis in the development of liver



abscesses. Although the estimated heritability in our study was low, as seen for many disease-
related traits, these results provide evidence of genetic variation within this trait. This variation
could be leveraged for genomic selection and identification of sires to use in breeding programs to
generate crossbred progeny less genetically susceptible to developing severe liver abscesses.
Estimates of genetic correlations between severe liver abscess phenotype and carcass traits were
low: -0.08 + 0.02 (hot carcass weight), 0.08 + 0.004 (fat thickness), -0.006 £+ 0.04 (Ribeye area), -
0.02 £ 0.02 (marbling), and 0.001 & 0.02 (yield grade). The low correlation of liver abscess EPD
and carcass traits indicate that genetic selection for a lower incidence of severe liver abscesses is
expected to have little to no effect on the selection of other carcass traits.

Summary statistics of EPD for severe liver abscess is shown in Table 1. The EPD for severe
abscess in the probability scale ranged from 0.01 to 0.41 (genotyped animals; n = 539,354) and
from 0.02 to 0.41 (phenotyped animals; n = 3,522). This wide range of values indicates substantial
variation in genetic susceptibility, highlighting the potential to effectively distinguish animals with
higher or lower risk of developing severe liver abscess. Validation results on the independent
population showed a difference of 8% between the top and bottom EPD quartiles (Table 2). These
results suggest that, although environmental factors and other non-genetic influences significantly
contribute to disease incidence, the substantial predicted genetic difference highlights the
effectiveness of genetic evaluation in identifying animals with varying risk levels. These results
provide evidence on the valuable role of selecting for reduced incidence of severe liver abscess in
selective breeding programs aimed at improving liver health.

Table 1: Summary statistics of expected progeny differences for severe liver abscess.
Population Mean Std Min Max
Genotyped 0.25 0.26 0.01 041
Genotyped/phenotype  0.21 031 0.02 0.41
Std, standard deviation; Min, minimum; Max, maximum.

Table 2: Mean probabilities of expected progeny differences (EPD, mean adjusted phenotypes
(y*), and observed incidence of severe liver abscess by EPD ranked quartiles.

EPD quantile EPD probability Mean y* Observed incidence

Top 25% (n=64) 0.21 0.57 0.38

25-50% (n=64) 0.24 0.58 0.38

50 — 75% (n=64) 0.27 0.66 0.45

Bottom 75% (n=65) 0.30 0.66 0.46
Conclusion

This study demonstrates that severe liver abscesses in beefxdairy cattle exhibit genetic variance,
although low, indicating a genetic component to susceptibility. The variability within estimated
progeny differences and the validation results confirm the potential to identify animals genetically
predisposed to higher or lower risk of severe liver abscesses. Additionally, the low genetic
correlations between liver abscess susceptibility and carcass traits suggest that selection against
severe liver abscesses can be achieved without negatively impacting carcass quality. These
findings support the integration of genetic evaluation for severe liver abscess into breeding
programs, creating opportunities to identify beef sires that produce beefxdairy crossbred offspring
with reduced susceptibility to severe liver abscesses.
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