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Introduction  
Paratuberculosis, caused by Mycobacterium avium subspecies paratuberculosis (MAP), has a 

considerable economic impact on the dairy industry and on the welfare of individual cattle. In 

the absence of treatment that could limit the disease, the present control strategy relies on 

effective managemental practices often combined with test and culling approach. However, 

this strategy is hampered by the imperfect diagnostic accuracy of the tests that do not accurately 

identify early infected animals. Genetic selection for resilience against paratuberculosis could 

provide an effective option to limit the impact of the disease, with heritability estimates for 

MAP-response-related traits ranging from 0.031 to 0.283 across different dairy cattle 

populations (Gao et al., 2018). Genetic correlations between MAP-susceptibility and 

economically important traits such as milk, fat and protein yields are also variable (ranging 

from uncertain to low and from favorable to unfavorable) depending on the population. No 

estimates are available for these genetic parameters in New Zealand dairy cattle. Thus, the 

objectives of the present study were to estimate heritability of humoral response against MAP 

as measured by enzyme-linked immunosorbent assay (ELISA) and to estimate genetic and 

phenotypic correlations between ELISA scores and milk production traits in New Zealand dairy 

cattle.  

 

Materials and Methods  
Dataset. The dataset used in this study was collected for a previous study on ELISA (Venkatesh 

et al., 2025). Briefly, 930 milk samples were collected during early summer or late autumn of 

the 2022/23 milk production season from four pasture-based, seasonal calving herds in the 

Manawatu region of New Zealand. Animal information including total lactation yields of milk, 

fat and protein, and lactation length were retrieved from the MINDA® database of Livestock 

Improvement Corporation, New Zealand. The animals included were primi- and multiparous 

and from different breed proportions of Holstein-Friesian and Jersey. 

 

ELISA. The humoral response against MAP infection was measured by two commercially 

available ELISA kits: IDEXX Paratuberculosis Screening Ab Test (Idexx Laboratories Inc., 

USA) and ID Screen Paratuberculosis Indirect Screening Test (IDVet Innovative Diagnostics, 

France). Both ELISAs were carried out as per manufacturers’ guidelines. After data editing, 

930 ELISA scores remained for each ELISA. The obtained sample to positive ratios (S/P%) 

were log-transformed by the formula proposed by Gao et al. (2018): ELISA (transformed) = 

log (ELISAS/P + 0.01).  

 

https://doi.org/10.31274/wcgalp.23686
https://creativecommons.org/licenses/by/4.0/
mailto:v.k.murali@massey.ac.nz


2 

 

Statistical analyses. Variance components were obtained using single-trait and bivariate 

animal models. The model for ELISA scores included the fixed effects of herd and lactation 

number (first to fifth and above) as class effects and days from calving to sampling, proportion 

of Holstein-Friesian and Holstein-Friesian×Jersey heterosis as covariates, and the random 

effects of animal and residual error. For milk production traits (milk, fat and protein yields), 

days from calving to sampling were replaced by lactation length as a covariate, while the rest 

of the model used for ELISA traits remained same. Analyses were performed using Bayesian 

mixed model estimation using Markov Chain Monte Carlo (MCMC) sampling in the Julia-

based JWAS package (Cheng et al., 2018). Four independent chains with 250,000 iterations 

were used in the model, with the first 50,000 iterations discarded as burn-in and samples 

retained every 250 iterations. Bayesian posterior analysis included mean and highest posterior 

density (HPD) with plots being created using MCMCChains and StatsPlots packages in Julia 

software.  

 

Heritability (h2) was estimated by the formula: 

h
2
=

σa
2

σp
2 where σp

2 is the phenotypic variance calculated as σp
2 = σa

2 +  σe
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2
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2
 are 

additive genetic and residual variances, respectively.  

 

Genetic (rg) and phenotypic (rp) correlations were estimated by the formula: 

rg=
σaij

√σai
2  .σaj

2
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σpij
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2
 where σaij and σpij are the genetic and phenotypic covariances 

between traits i and j traits, respectively; σai
2  and σaj

2  and σpi
2  and σpj

2  are genetic and 

phenotypic variances of traits i and j, respectively.  

 

Results  
Visual inspection of the trace, autocorrelation, and running mean plots, along with R-hat values, 

Geweke diagnostics and effective sample sizes, confirmed model convergence and adequate 

mixing of all chains. The posterior mean heritability estimates for ELISA scores of the IDvet 

and the IDEXX assay were 0.25 (95% HPD: 0.12-0.39) and 0.34 (95% HPD: 0.19-0.52), 

respectively. The genetic and phenotypic correlations between milk production and ELISA 

score traits are shown in Table 1. While the posterior mean phenotypic correlations between 

ELISA scores and milk production traits ranged from -0.01 to -0.04, the point estimates of 

genetic correlation ranged from 0.08 to 0.13, i.e. the point estimates for genetic correlation 

were unfavorable but low. However, as the posterior intervals included zero (see Table 1), our 

data was also consistent with no association. The genetic and phenotypic correlations between 

the two ELISA assay scores were 0.48 (95% HPD: 0.14-0.74) and 0.58 (95% HPD: 0.54-0.63), 

respectively.  
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Table 1. Genetic and phenotypic correlations between total lactation yields of milk, fat and 

protein and ELISA score traits with their posterior means and 95% highest posterior density 

(HPD) intervals (in brackets) 

Trait Genetic correlation  Phenotypic correlation  

 IDvet ELISA Idexx ELISA IDvet ELISA Idexx ELISA 

Milk yield  0.09 

(-0.20, 0.36) 

0.13 

(-0.14, 0.38)  

-0.01 

(-0.08, 0.05) 

-0.04 

(-0.10, 0.03) 

Fat yield  0.10 

(-0.21, 0.37) 

0.10 

(-0.18, 0.36)  

-0.01 

(-0.08, 0.05) 

-0.03 

(-0.10, 0.03) 

Protein yield  0.10 

(-0.20, 0.36) 

0.08 

(-0.17, 0.34) 

-0.01 

(-0.07, 0.05) 

-0.03 

(-0.10, 0.03) 

 

Discussion 
The heritability estimates in the present study indicate that ample genetic variation exists for 

humoral response against MAP infections in New Zealand dairy cattle. These estimates were 

higher than the heritability estimates obtained from a continuous scale of ELISA scores using 

serum samples on Irish (0.07±0.02) (Berry et al., 2010) and Chinese (0.05 ± 0.02) (Gao et al., 

2018) Holstein cattle. Likewise, the estimates in the present study are higher than those 

reported in studies using binary disease traits (Brito et al., 2018), reflecting the advantage of 

modeling ELISA responses on a continuous scale, which retains phenotypic variation lost 

through binarization and misclassification. Although ELISA may fail to detect early infection, 

the observed genetic signal demonstrates that the ELISA-phenotype captures exploitable 

genetic variation. In the context of modern dairy cattle breeding programs, where selection 

decisions increasingly rely on genomic information, even traits with modest heritability can be 

effectively selected (Berry et al., 2019). These results support the use of ELISA-derived 

phenotypes as a component of selection strategies aimed at improving paratuberculosis 

resilience in New Zealand dairy cattle.  

 

The low and unfavorable point estimates for genetic correlation between the ELISA scores and 

milk production traits in the present study was consistent with the likely range of genetic 

correlations reported in a previous study on Israeli Holstein cattle (Shook et al., 2012). In that 

study, the genetic correlation between MAP infection measured using serum-based ELISA 

(IDEXX ELISA; HerdCheck Mpt Ab, IDEXX Scandinavia) and milk, fat and protein yields 

were 0.22 (-0.06, 0.67), 0.20 (-0.12, 0.72) and 0.15 (-0.32, 0.56), respectively. However, as in 

the current study, these data were consistent with a wide range of associations including both 

favorable to unfavorable. This is evident in the published literature where estimates of 

correlation between production and ELISA traits have not identified a definitive and consistent 

association (Brito et al., 2018). The wide posterior density intervals in the present study 

emphasize the need for large and repeated datasets for ELISA traits to demonstrate the genetic 

relationship between milk production and serological responses against MAP infection. 

Conclusions 
While this study suggests the presence of genetic variation to the serological response against 

MAP infection, more longitudinal data and complementary phenotypes are required to better 

understand the genetic variation related to disease resilience. Although the point estimates for 

posterior mean genetic correlations between ELISA scores and milk production traits were low 

and unfavorable in our data, the wide posterior density intervals and the lack of definitive 

findings in the published literature mean that a wider dataset is required to more definitively 

describe the relationship between paratuberculosis susceptibility and milk production traits.  
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