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Introduction

After mastitis, lameness is the most prevalent and costly health-related issue in dairy cattle
operations worldwide. Herdwide rates of lameness in the United States have been estimated to
range from 23 up to 70% in extreme cases (Heringstad ef al., 2018). Individual cases are
estimated to cost on average from $76 to 533, depending on the underlying cause and duration
of lameness (Dolecheck and Bewley, 2018). Total costs per case of lameness are impacted by
treatment, including supplies and labor; preventative measures through management and
facility design; production losses, such as decreased milk yield and fertility; and early culling.
Given the economic and welfare impact, there is strong interest from US dairy producers to
select for animals with an improved genetic predisposition to resist lameness. While lameness
is often measured as locomotion scores in the literature, these are highly variable and labor-
intensive to collect on a regular basis. Hoof lesions are the primary cause of lameness in dairy
cattle and records collected during routine and remedial hoof trims provide a readily available
source of data on lameness incidence. Multiple analyses in various dairy cattle populations
have found a heritable component to hoof lesion incidence, with estimates generally falling in
the low to low-moderate range of heritability depending on the type of hoof lesion and specific
trait definition (Dhakal et al., 2015; Malchiodi et al., 2017; Van Der Waaij et al., 2005).

The incorporation of genomic information in genetic evaluations is critical for maximizing
selection efficiency and genetic progress by increasing the reliability of predictions,
particularly for young animals without own or progeny data. The purpose of the present
analysis was to evaluate the performance of genomic information in a prospective future hoof
health genetic evaluation in US dairy cattle.

Materials & Methods

Data. The Council on Dairy Cattle Breeding (CDCB) received data from Dairy Records
Management Systems (Raleigh, NC) for the development of hoof health traits for routine
genetic evaluation. The data included approximately 450,000 hoof trimmer records collected
from 130,000 cows with 260,000 parities that had corresponding lactation information
available in the National Cooperator Database (NCD). The data was collected between 2009
and 2024 on 686 farms across 37 states and included records of incidence on 5 Infectious
(Digital Dermatitis, Abscess, Foot Rot, Interdigital Dermatitis, Heel Erosion) and 8 Non-
Infectious (Ulcer, White Line, Sole Hemorrhage, Thin Sole, Laminitis, Corn/Fibroma,
Corkscrew Claw, and Sand Cracks) lesion types. The most prevalent lesions (incidence rate
per lactation) were Digital Dermatitis (6.4%), Abscess (2.8%), Ulcer (2.2%), and White Line
(1.9%). The majority of other lesions had incidence too low to effectively evaluate, and so, to
make full use of available data, lesions were categorized into Infectious and Non-Infectious
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lesion groups. Both groups were defined and modeled as binary traits where multiple lesion
events per lactation were not considered (1 = occurrence of any lesion within the group; 0 =no
record of a lesion). Following inclusion of herdmates from the NCD that lacked a trimmer
record but were assumed to be healthy, data was available for 667,000 and 484,000 lactations
for Infectious and Non-Infectious lesions, respectively. Comparisons of cohorts including or
excluding herdmates without records assumed to be healthy found little impact on parameter
estimates (Malchiodi et al., 2017; Parker Gaddis et al., 2025). Incidence rates per lactation
were 7.67 and 3.88% for Infectious and Non-Infectious lesions, respectively.

Model and analysis. Traditional and genomic predicted transmitting abilities (PTA) and
reliabilities were estimated using univariate repeatability models similar to those used for the
traditional health traits already evaluated by CDCB. The model included year-season and age-
parity as fixed effects, inbreeding and heterosis as linear regression variables, and herd-year,
herd-sire, additive genetic, and permanent environment as random effects. Heritabilities were
estimated using traditional linear and threshold models. Traditional PTAs and reliabilities were
estimated using a pedigree-based BLUP model and a reference pedigree including
approximately 100 million animals. Genomic PTAs and reliabilities were estimated using
multi-step and single-step GBLUP models. The multi-step procedure involved deregression of
traditional PTAs, estimation of allele substitution effects, calculation of direct genomic values
(DGVs), and blending of DGVs with parent averages to yield genomic PTAs. Approximately
8.5 million genotypes including 69.2k SNPs were available for this analysis. The single-step
analysis used a subset of 56,122 and 39,400 genotypes for Infectious and Non-Infectious
lesions, respectively, that included genotyped cows with data, their genotyped sires, and
genomic and active artificial insemination (AI) bulls. Single-step GBLUP was implemented
without APY using blupf90+ v2.72 (Lourenco ef al., 2022).

Results & Discussion

Heritabilities. Estimated heritabilities for Infectious lesions were 5.1 (linear) and 5.7%
(threshold) and for Non-Infectious lesions were 3.1 (linear) and 4.4% (threshold). While these
estimates fall in the lowly heritable range, they are consistent with heritability estimates for
hoof lesion traits reported in the literature. They are also comparable to heritability estimates
for routinely-evaluated health traits such as mastitis and displaced abomasum, and so there is
reasonable genetic variation for selection on both traits.

Table 1. Average (SD) PTA reliabilities of Infectious lesion incidence estimated under
traditional, multi-step genomic, and single-step GBLUP models for animal groups with
varying types of information.

Multi-Step Single-Step
Animals (N) Traditional Genomic Genomic

Bulls

Genomic'? 4,185 26.3 (4.56) 57.2 (2.08) 54.7 (2.98)

Active!? 623 34.2 (8.33) 62.2 (5.85) 59.7 (4.59)

Proven* 645 72.4 (9.73) 89.2 (4.54) 79.3 (6.05)
Cows with Data

Genotyped 37,075 33.8 (5.36) 62.4 (2.54) 58.8 (3.72)

Non-Genotyped 323,853 31.0(7.24) - 37.9 (7.00)

As of April 1, 2025

Genomically-tested bulls with fewer than 10 milking daughters

Bulls with at least 10 milking daughters that have received an official CDCB evaluation
Bulls with 100 or more daughters with a hoof health record
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Table 2. Average (SD) PTA reliabilities of Non-Infectious lesion incidence estimated under
traditional, multi-step genomic, and single-step GBLUP models for animal groups with
varying types of information.

Multi-Step Single-Step
Animals (N) Traditional Genomic Genomic

Bulls

Genomic'? 4,185 22.6 (3.94) 39.1 (2.47) 42.4 (2.90)

Active!? 623 28.5 (6.59) 43.7 (5.12) 47.0 (4.41)

Proven* 516 59.7 (10.66) 71.1 (8.68) 67.4 (7.48)
Cows with Data

Genotyped 23,048 27.4 (5.22) 43.8 (3.22) 46.5 (3.71)

Non-Genotyped 237,851 250693 - 31.7 (6.83)

As of April 1, 2025

Genomically-tested bulls with fewer than 10 milking daughters

Bulls with at least 10 milking daughters that have received an official CDCB evaluation
Bulls with 100 or more daughters with a hoof health record
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Reliabilities. Traditional, multi-step genomic, and single-step genomic reliabilities for
Infectious (Table 1) and Non-Infectious (Table 2) lesions were consistent with expected ranges
for lowly heritable traits. For all groups, reliabilities were higher for Infectious than Non-
Infectious lesions on average, as expected given the higher estimated heritability, reference
size, and incidence rate of Infectious lesions.

For both Infectious and Non-Infectious lesions, genomic Al bulls had the largest gains in
reliability with inclusion of genomic information, with reliabilities increasing on average by
30.9 and 16.5 percentage points under multi-step GBLUP and 28.4 and 19.8 under single-step
GBLUP for Infectious and Non-Infectious lesions, respectively. Traditional PTAs for this
group of bulls are exclusively a function of their parent average, and so the observed gains in
PTA reliability support that there is sufficient connectivity between the reference data and
young genomic bulls for PTA estimates to benefit from inclusion of genomic information.
Reliabilities for active Al sires also increased with inclusion of genomic information and were
4.6 to 5.0 percentage points higher on average than genomic Al bulls. However, approximately
65% of bulls in this group did not have any daughter records in the reference dataset, so we
can expect reliabilities for active Al sires to increase as the reference dataset expands to include
more herds and cows.

Reliabilities for non-genotyped cows with hoof health data increased by 6.9 and 6.7 percentage
points for Infectious and Non-Infectious lesions, respectively, with the inclusion of genomic
information in single-step GBLUP. This supports that PTA estimates for non-genotyped cows
benefit from information from genotyped contemporaries for the given traits and population
under a single-step GBLUP approach.

Multi-step and single-step reliabilities were comparable for all animal groups and traits. The
lower reliabilities for single-step compared to multi-step for Infectious lesions may be
explained by the smaller genotyped reference set in a non-APY implementation.

PTA Correlations. The group with the largest re-ranking with inclusion of genomic
information, based on Spearman rank correlations (Table 3), was genomic Al bulls, as expected
given the limited amount of non-genomic information available for this group. Rankings for
proven bulls having at least 100 daughters in the reference data changed the least, though more
re-ranking occurred with the inclusion of genomic information under single-step compared to
multi-step, particularly for Non-Infectious lesions.



Table 3. Spearman rank correlations of PTAs for Infectious (Inf) and Non-Infectious (Non-
Inf) lesion incidence between traditional and multi-step genomic, traditional and single-step
genomic, and multi-step and single-step genomic BLUP models for animal groups with varying
types of information.

Traditional and Traditional and Multi-Step and
Multi-Step Single-Step Single-Step
Inf Non-Inf Inf Non-Inf Inf Non-Inf
Bulls
Genomic!~ 0.61 0.62 0.48 0.44 0.93 0.82
Active!? 0.80 0.75 0.67 0.59 0.93 0.86
Proven* 0.98 0.96 0.93 0.90 0.96 0.95
Cows with Data
Genotyped 0.75 0.83 0.61 0.68 0.92 0.86
Non-Genotyped =~ -----=  --—-- 0.91 089 - e

' As of April 1, 2025

2 Genomically-tested bulls with fewer than 10 milking daughters

3 Bulls with at least 10 milking daughters that have received an official CDCB evaluation
4 Bulls with 100 or more daughters with a hoof health record

Multi-step and single-step PTA rankings largely agreed, with all groups having a Spearman
rank correlation greater than 0.90 for Infectious lesions. Re-rankings between the two genomic
methods were greater for Non-Infectious lesions, with PTA correlations ranging from 0.82 to
0.95. This may be partly explained by the smaller genotype reference set used for single-step.

Conclusions

Inclusion of genomic information in modern dairy cattle genetic evaluation programs is critical
for increasing reliability of predictions and reducing generation interval. The present analysis
demonstrates that genomics perform as expected in two novel hoof health traits, Infectious and
Non-Infectious hoof lesion incidence, including for bulls with no or limited progeny
information. Though both traits were found to have a lowly heritable genetic basis, these results
support that they are suitable for inclusion in routine national genetic evaluations for dairy
cattle in the United States.
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