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Introduction 

Bovine Eosinophilic Myositis (BEM) is a rare inflammatory myopathy of cattle characterized 

by multifocal or diffuse grey-to-green muscular lesions detected only at slaughter, leading to 

carcass condemnation. Although its etiology remains unclear, BEM has long been associated 

with Sarcocystis spp., ubiquitous Apicomplexan protozoan parasites infecting cattle 

worldwide. Despite near-universal infection, BEM prevalence remains generally low and 

highly variable, ranging from 0.002% to 5% depending on region and production context 

(Vangeel et al., 2013). Reported worldwide across dairy and beef breeds (Jensen et al., 1986 

in Western USA ; Rubiola et al, 2024 and Vangeel et al., 2013 across Europe, Kimura, 2011 

in Asia), in association with multiple Sarcocystis species, BEM causes substantial economic 

losses with 4 million euros in compensation paid in France in 2024. 

The contrast between widespread Sarcocystis exposure and the rarity of BEM indicates that 

host-related mechanisms may play a key role in disease expression. Environmental and 

management effects have been investigated but fail to consistently explain disease occurrence, 

shifting attention toward genetic susceptibility and host immune regulation as major 

determinants of individual risk (Dubey and Rosenthal, 2023). Within the framework of the 

GMyosEo2 project, funded by Apis-Gene, this study aimed to assess the use of slaughterhouse 

condemnation data for genetic analyses of BEM, characterize its genetic architecture, and 

develop genomic evaluation and management strategies to reduce disease incidence. 

 

Materials & Methods 

Data collection and phenotyping. Phenotypic data for BEM were obtained from official 

slaughterhouse condemnation records collected in five of the 13 French regions between 2014 

and 2023. Cases were identified based on routine post-mortem meat inspection, leading to 

partial or total carcass condemnation. Only females aged between 2 and 10 years were 

considered to ensure sufficient exposure conditions and lifetime risk of expression. 

The full dataset comprised more than 11 million slaughtered females across multiple beef and 

dairy breeds (Table 1). For genetic analyses, data were filtered to retain animals originating 

from herds with at least one recorded BEM case, thereby increasing the information content 

for susceptibility analyses. Animals were classified as affected (BEM-positive) or unaffected 

based on condemnation status. 

 

A high prevalence herds network and biological sampling. To support genetic analyses in 

the most affected breed, a high prevalence herds network was established in Blonde 

d’Aquitaine. Twenty-nine herds with recurrent BEM cases were selected and compared to 
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fifteen nearby unaffected within a 20-km radius. While extensive environmental surveys were 

conducted, only limited and inconsistent differences were observed between herd categories. 

Cartilage samples were collected from all Bonde d’Aquitaine female (N=2,395) in the 29 high-

prevalence herds prior to slaughter in order to obtain genetic material from condemned animals 

as well as their relatives and contemporaries. Blood samples from a subset of 153 females in 

high-prevalence herds were analyzed for potential biomarkers (Eosinophilic Polymorpho-

nuclear Leukocytes, Creatine Kinase, ASpartate aminoTransferase, Lactate DeHydrogenase). 

Muscle tissue was additionally collected from 400 condemned carcasses regardless of breeds. 

 

Table 1. Prevalence of condemnation per breed based on females (2-10 years). 

Breed #cattle 

condemned 

#females (2-10y) 

condemned  

#females (2-10y) 

slaughtered  

Prevalence of 

condemnation (‰) 

Aubrac 29 17 63,769 0.27 

Montbéliarde 129 114 374,724 0.30 

Rouge des Prés 49 41 134,290 0.31 

Brown Swiss  12 12 24,688 0.49 

Holstein 3,293 3,056 4,593,813 0.67 

Salers  110 65 83,361 0.78 

Charolaise 1,502 1,291 1,631,457 0.79 

Crossbred 1,518 1,237 1,181,510 1.05 

Limousine 1,673 1,408 940,704 1.50 

Normande 1,940 1,619 976,691 1.66 

Belgian Blue 159 142 77,631 1.83 

Parthenaise 453 415 143,697 2.89 

Blonde d’Aquit. 7,135 6,341 999,209 6.35 

TOTAL 18,002 15,758 11,225,544 1.40 

 

Genotyping and sequencing data. A total of 269 BEM-condemned Blonde d’Aquitaine 

females and 1,300 related or contemporary females were genotyped using EuroGMD SNP 

beadchips in order to construct a dedicated reference population for genomic evaluation. 

Whole-genome sequencing was carried out on 36 animals organized in family trios, including 

nine sires, fourteen BEM-affected daughters, and thirteen unaffected half-sisters. Sequencing 

data were used to identify segregating variants potentially associated with susceptibility/ 

resistance to BEM and to support genome-wide association analyses. 

 

Model. BEM status was analysed as a binary trait using a linear mixed model, an approach 

commonly adopted in large-scale single-step genomic evaluations, as it has been shown to 

yield breeding values highly correlated with those obtained from threshold models while 

offering improved computational efficiency and numerical stability for low-prevalence traits 

(Hidalgo et al., 2024). 

A single trait linear animal models were fitted separately for Blonde d’Aquitaine, Normande 

and Parthenaise breeds using AI-REML as implemented in Wombat software for genetic 

parameter estimations (Meyer, 2007). 

y= X+Za+e (1) 

where y is the vector of observations for the traits;  the vector of fixed effects consisting of a 

herd, slaughterhouse, year x quarter of slaughter, age at slaughter (in year) and region effect; a 

the vector of additive genetic effect a ~N(0,G²g), X and Z the corresponding incidence 

matrices and e the residual effect.   
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For Blonde d’Aquitaine (BAQ) and Normande (NMD), breeds with sufficient genotyped 

animals, a Single Step genetic evaluation using HSSGBLUP software (Tribout et al., 2020) 

using a similar model to variance component estimation was performed.  

 

Genome-wide association studies (GWAS). GWAS were conducted using imputed whole-

genome sequence variants to identify genomic regions associated with BEM susceptibility or 

resistance. Genotypes were imputed to sequence level using Minimac, based on a French 

breeds reference panel of 1,164 sequenced cattle from the French database including 113 BAQ 

and 162 NMD. Analyses were performed separately within each breed to account for 

differences in allele frequencies and linkage disequilibrium patterns. 

 

Results & Discussion 

Epidemiology and breed predisposition. Analysis of more than 11 million slaughtered 

females confirmed that BEM is a rare condition at the population level but exhibits strong 

breed-specific differences. In France, condemnation rates ranged from less than 0.5‰ in 

several dairy and rustic breeds to more than 6‰ in Blonde d’Aquitaine females, with 

intermediate values observed in Parthenaise and Normande breeds. These marked and 

consistent differences across breeds strongly support the existence of a host genetic component 

influencing susceptibility to BEM. The absence of clear temporal trends and the stability of 

breed rankings over the 10-year study period further suggest that genetic predisposition 

outweighs short-term environmental fluctuations in determining BEM occurrence.  

 

Limited contribution of non-genetic factors. Comparisons between high-prevalence and 

nearby unaffected herds revealed only minor and inconsistent management differences, with 

no environmental or sanitary factor reliably predictive of BEM. Likewise, blood biomarker 

analyses failed to identify markers of disease expression before slaughter, suggesting that 

alternative biomarkers should be investigated. Taken together, these results suggest that 

ubiquitous Sarcocystis exposure alone is insufficient to explain BEM occurrence and support 

a predominant role of host-specific biological mechanisms, including genetic control of 

immune and inflammatory responses. 

 

Genetic parameters and feasibility of selection. Heritability estimates for BEM 

susceptibility were low but significantly different from zero, around 4.4% in Blonde 

d’Aquitaine (from 1,947 herds and 339,717 animals in pedigree), 3.1% in Normande (from 

1,281 herds and 323,553 animals in pedigree), and 2.3% in Parthenaise breeds (from 128 herds 

and 36,083 animals in pedigree). These estimates are consistent with expectations for a rare, 

binary trait influenced by multiple biological pathways and considerable residual variance. 

This confirms that genetic selection against BEM is theoretically possible, though genetic 

progress is expected to be slow.  

The successful use of single-step genomic evaluations in Blonde d’Aquitaine and Normande 

demonstrates the integration of slaughterhouse condemnation data into genetic evaluations. 

Combining phenotypic, pedigree, and genomic data enables estimation of breeding values for 

BEM resistance, supporting practical genomic management. 

 

Genomic architecture of BEM susceptibility. Whole-genome sequencing–based GWAS 

based on Daughter Yield Deviation (DYD) identified several significant genomic regions 

associated with BEM susceptibility or resistance. In Blonde d’Aquitaine, major signals were 

detected on BTA5, BTA11, BTA16, BTA20, BTA23, BTA25 (Figure 1), while in Normande, 

major regions were observed on BTA2, BTA10, BTA11 and BTA16 (results not shown).  
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Among the chromosomes displaying major association signals, variants are predominantly 

located in intergenic regions, except for chromosome 23, where intronic variants were detected 

within the PRIM2 gene. PRIM2 is involved in DNA replication through its role in the primase 

complex. However, no direct association between this gene and the studied pathology has been 

reported, and no obvious link with immune-related functions has been identified.  

Figure 1. Manhattan plot for BEM sensibility in Blonde d’Aquitaine (MAF>0.01)  

 

Implications for genomic management. Given the low heritability of BEM, rapid elimination 

of the disease through classical selection is unrealistic. However, the identification of major 

genomic regions and the availability of genomic breeding values enable alternative and more 

targeted strategies. Avoiding matings between individuals with high predicted susceptibility, 

rather than selecting exclusively for resistance, appears to be a pragmatic approach to reduce 

BEM incidence while preserving overall genetic diversity. 

Integrating BEM-associated SNPs into future genotyping arrays and genomic evaluation 

pipelines would improve risk prediction accuracy. Such genomic management strategies are 

particularly relevant for highly affected breeds such as Blonde d’Aquitaine, where even modest 

reductions in BEM prevalence could result in substantial economic benefits. 

 

Conclusion 

Overall, this study provides compelling evidence that BEM susceptibility is partly genetically 

determined, and that genomic tools offer a realistic pathway to mitigate its impact. By 

leveraging large-scale slaughterhouse data, genomic evaluations, and whole-genome 

sequencing, this work demonstrates how rare but economically significant diseases can be 

addressed through applied animal genetics. 
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