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Abstract 

Mycoplasma bovis infections cause disease and production losses in cattle worldwide. The long-term 

consequences are not well described despite being important for management decisions during and 

after disease outbreaks. We investigated the association between M. bovis antibody-positivity and 

undesired early departure (UED, i.e. death, euthanasia or slaughter) before first calving in a cohort of 

636 heifers from 36 Danish dairy herds with and without a history of M. bovis-associated disease. The 

herds were visited 4 times at 3-month intervals and blood samples from young stock and milk 

samples from lactating cows were collected. Poisson regression was performed to examine the 

association with UED as outcome, logarithmic transformation of risk time as offset and herd as a 

random effect. Individual antibody measurements and group-level variables representing the 

infection level among young stock and cows, age and mortality variables were included in the model. 

The incidence rate ratio of UED increased by 1.23 times for every 10% increase in M. bovis young 

stock seroprevalence, while the effect of individual antibody level was modified by age and 

influenced UED less. In conclusion, UED in heifers was associated with M. bovis antibody-positivity in 

young stock and should be controlled in dairy herds to reduce losses. 

 

Key words: Mycoplasma bovis; ELISA; BioX K 302; heifer loss; dairy cattle 

 

Introduction 

Mycoplasma bovis (M. bovis) is a bacterium associated with severe, often untreatable disease in 

cattle of all ages and is associated with production losses and decreased animal welfare worldwide 

(Maunsell and Donovan, 2009). Clinical signs include pneumonia and arthritis in all age groups, otitis 

ACCEPTED M
ANUSCRIP

T



3 
 

media in calves and mastitis in cows (Maunsell and Donovan, 2009; Maunsell et al., 2011) leading to 

increased mortality risk in both calves and cows, and to impaired growth and lower carcass weight in 

veal calves (Martin et al., 1990; Pardon et al., 2015).  

A proportion of cattle diseased from M. bovis will have a humoral immune response that can be 

measured using ELISA testing of antibodies in serum samples soon after the clinical signs are 

observed (Nicholas et al., 2002; Hazelton et al., 2018; Petersen et al., 2018a). It seems though that 

the antibody response to M. bovis is short lasting and can be difficult to interpret in young calves 

(Hazelton et al., 2018; Petersen et al., 2018a; Petersen et al., 2018b). Antibody measurements might 

be used to confirm or rule-out that M. bovis infection is associated with the observed disease 

syndromes during disease outbreaks, and a question often raised by farmers and veterinarians is 

whether to cull antibody-positive cattle. However, the consequences of individual M. bovis antibody 

positivity in cattle housed in dairy herds with current or previous M. bovis infections are not well 

described. 

The associations between M. bovis antibody response, disease, mortality and production parameters 

have not been studied much in cattle and the findings are not clear. In one study, the seroconversion 

rate against M. bovis in a group of feedlot calves was associated with bovine respiratory disease 

(BRD) rates (Martin et al., 1990), whereas the M. bovis serostatus at arrival in a veal calf setting was 

not a predictor of development of BRD during the two weeks after arrival in another study (Pardon et 

al., 2015). In a risk factor study, the seroprevalence of M. bovis in heifers and cows was not found to 

be associated with the incidence of respiratory disease in the calves (Raaperi et al., 2012). With 

regard to production parameters, a tendency for lower weight gain in M. bovis seropositive weaned 

beef calves was seen in one study (Hanzlicek et al., 2011), while Martin et al. (1990) found no 

association between serostatus and growth of feedlot calves at group level. 
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The above mentioned studies all focus on BRD and weight gain in beef calves, which implies that it is 

primarily concerning male calves, which usually have a shorter lifespan than heifer calves in dairy 

herds. The implications for calves in a dairy herd experiencing a severe M. bovis-associated disease 

outbreak could be different and, in this case, other herd factors should be taken into account such as 

active infection among the lactating cows, colostrum management and other biosecurity procedures. 

In addition, the long-term effect of the disease including potentially reduced growth in heifer calves 

has not been described in published literature. This information is needed in order to advice farmers 

about the impact of implementing proper management of heifer calves and young stock during a M. 

bovis outbreak in a dairy herd. Due to the economic losses associated with feeding and housing of 

heifers that will be culled later due to poor performance, it would be useful to be able to provide 

advice on which calves to keep in the herd and which to cull early. Under the hypothesis that 

infections with M. bovis result in antibody positivity in affected cattle and that M. bovis has health 

effects on infected cattle, we aimed to investigate the association between individual and herd-level 

M. bovis antibody-positivity on undesired early departure (UED), which includes death, euthanasia 

and slaughter, before first calving in a cohort of dairy heifers. 

Methods 

Study design and study population 

The present study was based on a cohort of heifers in Danish dairy herds enrolled in a field project 

aiming to provide a better understanding of factors related to M. bovis-associated disease and 

interpretation of diagnostic methods. For a detailed description of how the study herds were 

selected, please see Petersen et al. (2016). In short, 39 Danish dairy herds were selected for the 

study aiming to be representative of a distribution of herds with different histories of M. bovis-

associated disease in terms of different outbreak sizes and durations as well as time since the 

outbreak ended, also including some with no history of M. bovis-associated disease (8 herds). Data 
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from 3 herds had to be excluded from this study: one went out of business during the project and 

two had complex, multisite facilities with the animals being moved around between different 

properties between visits, making it impossible to connect milk samples to the same site that the 

calves were housed at. The herds were visited four times approximately 3 months apart. At each 

visit, blood samples were collected from 65 calves distributed in four age groups (Figure 1). At the 

first herd visit, a cohort of approximately 20 heifer calves were selected from the 0-3 months old 

calves (“cohort calves”) and followed with repeated sampling, if still in the herd at the consecutive 

herd visits. With 3 repeated visits this meant that at the last sampling round calves were 9-12 months 

old. The rest of the calves present were convenience sampled aiming for 15 calves being sampled per 

age group (i.e. 0-3, 3-6, 6-9, 9-12 months old). Fifty milk samples from randomly selected lactating 

cows in the same herd were collected at the milk recording date closest to the herd visit date, as also 

described in Petersen et al. (2016).  

Laboratory analysis 

All samples were transported to Eurofins Steins Laboratory in Vejen, Denmark, and analysed for 

antibodies against M. bovis using the commercial ELISA BioX Bio K302 (BioX 302) (BioX Diagnostics, 

Rochefort, Belgium). It was performed according to the manufacturers recommendations 

(Anonymous, 2017) and the optical density coefficient (ODC%) was calculated as 

 ODC% = (ODsample – ODnegative control) / (ODpositive control – ODnegative control) x 100%  

where OD is the optical density measured by the ELISA reader of each test sample and the positive 

and negative control on the sample ELISA plate. The manufacturer reported 100% sensitivity and 

specificity based on a small sample of experimentally infected calves and un-infected control calves 

(Anonymous, 2017). However, other experimental studies have estimated the sensitivity to be 0.37-

0.47 and the specificity to be 0.95-0.96 (Schibrowski et al., 2018; Wawegama et al., 2016).  No field 

study evaluations of cut-off values at animal level or in milk samples are available in the literature. 
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However, the BioX 302 should not be used in calves younger than 3 months, because they are 

infrequently able to produce an antibody response measureable by this test and it might be worth 

considering the antibody response as positive at a lower cut-off (e.g. 20 ODC%) in calves than in 

adults (Petersen et al., 2018b).  

Variables 

Outcome 

The outcome of interest was UED of individual cohort calves from the study herds due to either 

culling (slaughter or euthanasia) or death. Sold heifers were considered sold for profit (voluntary 

culling) and were censored on the day of departure. Information about date of birth, date of 

departure, departure destination and calving dates were collected from the Danish Cattle Database 

with written permission from the herd owners. Data entries for these variables were done by the 

farmer as required by law in Denmark. These entries are very reliable due to cross-check systems in 

place for EU-regulation determining agricultural subsidies. 

Exposure 

Test results from blood samples collected from calves younger than 90 days were excluded, as were 

observations from calves that did not survive until sampling round number two and therefore did not 

have any individual antibody measurements (Figure 2). Age of the calves was divided into 3-month 

intervals, with the first interval starting at date of birth plus 90 days (date of inclusion). Hence, the 

study period for analysis for each single calf started at date of inclusion and ended either at day of 

UED, or when censored due to first calving or being sold to another herd, whichever came first. 

Figure 2 shows examples of calves being included and excluded from the study.  
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Individual ELISA ODC%: The individual antibody responses in each heifer in each of the sampling 

rounds measured by the BioX 302 ELISA. An aggregated variable was created with the highest ODC% 

ever observed in heifers older than 90 days being assigned to all sampling rounds for each individual 

animal as an indicator of whether it was likely to have been infected with M. bovis. This was to 

account for the fact that antibody responses can be slow in calves (Petersen et al., 2018b). 

Prevalence of antibody positive lactating cows (Cow-prevalence): This variable was calculated as 

the proportion of lactating cows with individual ELISA ODC% ≥ 37 in milk out of all cows tested in the 

herd at the day of sampling. An aggregated variable was created with the highest prevalence 

observed being assigned to all calves in the same herd as an indicator of the highest possible 

infection pressure in the adult cows during the study period. 

Seroprevalence of antibody positive young stock (YS-seroprevalence): This variable was calculated 

as the proportion of calves with individual ELISA ODC% ≥ 37 in serum out of all calves tested in the 

herd at the day of sampling. An aggregated variable was created with the highest seroprevalence 

observed being assigned to all calves in the same herd as an indicator of the highest possible 

infection pressure in the young stock during the study period. 

Potential confounders 

Age group: Age was included as a confounder using 3-month intervals with the first interval being 

age group 3-6 months and the last being the 3-month interval where the last culling, calving or 

censoring was observed for each heifer, whichever came first. 

Mortality-%: This variable was calculated as the average mortality risk for calves aged 0-14 days in 

the year before the fourth blood sampling rounds in the herd. It was categorized into the four 

categories, <1.3%, 1.3-2.6%, 2.7-4.2% and >4.2%, assuring an approximately equal distribution of 

events and time at risk in each category.   
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Based on the results of Petersen et al. (2018b) using the highest ODC%-value observed in the calf was 

assumed to represent the best predictor of the exposure to M. bovis that the calf had experienced 

during rearing. Several aggregations of the ODC%-values measured in the calves were attempted, 

including classifying the calves according to whether they seroconverted or not during the study 

period or whether they had ODC%-values above the recommended cut-off of 37 ODC% at any time 

point. However, it turned out that using the continuous information gave the best performing model, 

so we decided to use that. 

Statistical analysis 

To examine the association between the exposure and incidence rate of UED, a generalized linear 

mixed model was used with a Poisson distribution of number of UED as outcome and logarithmic 

transformation of time at risk as offset value (also known as a piece-wise exponential model (Laird 

and Oliver, 1981)). Herd identifiers were included as random effect to account for clustering of 

heifers within herds. Follow-up time was split by age resulting in approximately constant incidence 

rates. In contrast to a Cox regression analysis, more than one time scale can be examined by using 

the generalized linear model with a Poisson distribution of incidence rates. In the present analysis, 

the following two time scales were included: age, and time since inclusion in the study. M. bovis-

antibody-positivity as exposure was evaluated by including the continuous variables Individual ELISA 

ODC%, Cow-prevalence and YS-seroprevalence in the model as fixed effects. Initially, univariable 

analyses were performed. A multivariable analysis was performed adjusting for confounding effects 

of Age group and Mortality-%. To evaluate whether the association between Individual ELISA ODC% 

and the incidence rate of UED differed between age groups, the interaction between Individual ELISA 

ODC% and Age group was included in the model and evaluated with Individual ELISA ODC% and Age 

group included as main effects in the model. The incidence rate ratio (IRR) and 95% confidence 

intervals were calculated for the fixed effects. The IRR for the effect of a 10% increase in the 

Individual ELISA ODC% on the incidence rate of UED was calculated for each Age group. The 
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assumption about linearity between each of the continuous variables and the outcome was 

evaluated by including the effect of the quadratic term in the model. A non-significant quadratic 

term was interpreted as linearity. Furthermore, the continuous variables were categorized and the 

parameter estimates were checked for rising/declining tendency.  

After having seen the results of the initial analysis, we decided to perform a supplementary analysis. 

We performed a Cox regression with a shared frailty model, with euthanasia and death as event and 

herd identifiers included as random effect. The results were visualized by a Kaplan-Meier plot. 

Data management and analyses were carried out in R version 3.2.2 (R Core Team, 2016) and 

Statistical Analysis System (SAS version 9.4), respectively. 

Results 

Descriptive statistics 

In total 636 heifer calves from 36 dairy herds were included of which 40 calves were sampled four 

times, 460 calves were sampled 3 times, 108 calves twice and 28 calves only once.  

Sampling of lactating cows was missing in the third sampling round in one herd, and the prevalence 

of lactating positive cows at the third sampling round was then calculated as the average of same 

variable in rounds 2 and 4.  

The mean seroprevalence of antibody-positive young stock was higher in the UED calves compared 

to censored calves, the mean individual ELISA ODC% was slightly higher in UED than censored calves, 

while the prevalence of antibody-positive lactating cows was almost equal (Table 1). The incidence 

rate of culling was lowest from 9-18 months and increased from the age of 18-21 months, with a 

large increase from the age of 24 months and onwards. The time at risk for the age groups above 24 

months was much lower than for the rest of the age groups mainly due to censoring of the heifers 

that calved. The incidence rate varied between the different Mortality-% groups (Table 2). 
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Table 1: Descriptive statistics of the continuous variables, M. bovis Individual ELISA ODC%, 

prevalence of M. bovis antibody positive lactating cows (Cow-prevalence) and seroprevalence of M. 

bovis antibody positive young stock (YS-seroprevalence), mean and standard deviation (SD).  

Variable Mean SD 

Individual ELISA ODC%   

Undesired early departure 45 35 

Censored 43 30 

Cow-prevalence  

Undesired early departure 0.25 0.14 

Censored 0.24 0.17 

YS-seroprevalence  

Undesired early departure 0.48 0.20 

Censored 0.43 0.20 

  

ACCEPTED M
ANUSCRIP

T



11 
 

Table 2: Descriptive statistics of number of heifers with undesired early departures (UED), number of 

calf years and the incidence rate per 100 calf years overall, and stratified by mortality-% and age 

group. 

Variable Level N (UED) 

(Euthanized or 

dead/ 

slaughter) 

Time at risk 

in calf years 

Incidence rate  

(UED per 100 calf years) 

 

Overall  63 (20/43) 1090 5.8 

Mortality-% < 1.3% 14 (3/11) 302 4.6 

 1.3-2.6% 19 (2/17) 266 7.2 

 2.7-4.2% 11 (2/9) 285 3.9 

 > 4.2% 19 (13/6) 238 8.0 

Age group 3-6 months 6 (6/0) 156 3.8 

 6-9 months 6 (6/0) 153 3.9 

 9-12 months 3 (3/0) 152 2.0 

 12-15 months 3 (1/2) 150 2.0 

 15-18 months 3 (1/2) 148 2.0 

 18-21 months 12 (0/12) 144 8.3 
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 21-24 months 9 (2/7) 120 7.5 

 24-27 months 10 (1/9) 48 20.9 

 > 27 months 11 (0/11) 19 59.2 

 

Analytical statistics 

The univariable estimates are provided in Table 3. In the multivariable analysis, the variables YS-

seroprevalence and the interaction between Individual ELISA ODC% and Age group were significantly 

associated with UED. For a 10% increase in YS-seroprevalence, the incidence rate of UED increased 

by 23% (IRR=1.23, 95% CI: 1.02;1.48). Age significantly modified the association between Individual 

ELISA ODC% and the incidence rate of UED. For a 10% increase in Individual ELISA ODC%, the 

incidence rate of UED increased by 27% for age 9-12 months (IRR=1.27, 95% CI: 1.01; 1.59) and 

decreased by 23% for age> 27 months (IRR=0.77, 95% CI: 0.59; 0.99) (Table 4).  

 

Table 3: Univariable estimates for the M. bovis-antibody-positivity measured by individual ELISA 

ODC%, prevalence of antibody positive lactating cows (Cow-prevalence), seroprevalence of antibody 

positive young stock (YS-seroprevalence), age (Age group), and mortality percentage (Mortality-%).  

A generalized linear mixed model with a Poisson distribution of number of UED was used. 

Variables 

Incidence 

rate ratio 

95% Confidence 

interval 

P-value 

Age group    

 3-6 months 1.91 0.05; 7.64 0.36 
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 6-9 months 1.95 0.49; 7.82 0.34 

 9-12 months 1 (ref)  

 12-15 months 0.99 0.2; 4.89 0.99 

 15-18 months 1.02 0.21; 5.04 0.02 

 18-21 months 4.23 1.19; 14.99 0.03 

 21-24 months 3.89 1.05; 14.37 0.04 

 24-27 months 11.12 3.05; 40.64 < 0.001 

 > 27 months 31.17 8.55; 113.58 < 0.0001 

ELISA ODC% 1 0.93; 1.09 0.85 

YS-seroprevalence (per 10% increase)            1.14 0.97; 1.33 0.11 

Cow-prevalence (per 10% increase) 1.02 0.86; 1.22 0.8 

Mortality-%    

         < 1.3 % 1 (ref)  

        1.3-2.6% 1.57 0.71; 3.48 0.26 

        2.7-4.2% 0.83 0.34; 2.02 0.68 

         > 4.2% 1.76 0.8; 3.9 0.16 

 

Table 4: Association between undesired early departure (UED) and M. bovis-antibody-positivity 

measured by individual ELISA ODC%, prevalence of antibody positive lactating cows (Cow-
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prevalence), seroprevalence of antibody positive young stock (YS-seroprevalence) and adjusted for 

differences in age (Age group), and mortality percentage with herd included as a random effect. A 

generalized linear mixed model with a Poisson distribution of number of UED was used. 

Fixed effects 

Incidence 

rate ratio 

95% Confidence 

interval 

P-value 

(Overall p-value of 

fixed effects) 

YS-seroprevalence (per 10% increase)            1.23 1.02; 1.48 0.030 

Cow-prevalence (per 10% increase) 0.95 0.77; 1.17 0.64 

Individual ELISA ODC% (per 10 ODC% increase) by Age group 0.047# 

 3-6 months: ELISA ODC% 0.87 0.62; 1.22  

 6-9 months: ELISA ODC% 0.63 0.38; 1.05  

 9-12 months: ELISA ODC% 1.27 1.01; 1.59  

 12-15 months: ELISA ODC% 0.47 0.19; 1.18  

 15-18 months: ELISA ODC% 0.93 0.61; 1.42  

 18-21 months: ELISA ODC% 1.09 0.94; 1.27  

 21-24 months: ELISA ODC% 1.03 0.84; 1.27  

 24-27 months: ELISA ODC% 0.95 0.76; 1.20  

 > 27 months: ELISA ODC% 0.77 0.59; 0.99  
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Age group   < 0.001 

 3-6 months 0.37 0.03; 4.79  

 6-9 months 1.03 0.08; 13.44  

 9-12 months 1 (ref)  

 12-15 months 0.02 0.001; 0.53  

 15-18 months 0.15 0.01; 3.00  

 18-21 months 0.29 0.03; 3.14  

 21-24 months 0.36 0.03; 4.22  

 24-27 months 1.47 0.13; 16.71  

 > 27 months 11.14 0.98; 126.5  

   Mortality-%   0.27 

 < 1.3% 1 (ref)  

 1.3-2.6% 1.47 0.65; 3.32  

 2.7-4.2% 0.77 0.31; 1.92  

 > 4.2%  1.70 0.73; 3.94  

    

Random effect Estimate Standard error  

Herd 0.18 0.18  
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# P-value for the interaction in a model including Individual ELISA ODC% and Age group as main 

effects 

 

It would have been relevant to run a similar model with only mortality as event, but it was not 

possible due to few events in the original dataset (only 20). However, based on the non-significant 

effect of the Individual ELISA ODC% we decided to exclude this variable and this allowed for inclution 

of the calves that were euthanized or died before 90 days of age in a supplementary analysis. This 

resulted in 58 events and the Cow-prevalence was divided into ‘High’ and ‘Low’, > 0.35 and =< 0.35, 

respectively. In the Cox regression model with euthanasia or death as event the Cow-prevalence was 

significant (Hazard Ratio = 9.3 for high vs. low Cow-prevalence, p-value = 0.03). A Kaplan-Meier plot 

of the two Cow-prevalence groups is provided in Figure 3.   

 

Discussion 

This study showed an association between the UED (including euthanasia, death and slaughter) rate 

in heifers and increasing M. bovis seroprevalence among young stock, when accounting for the 

underlying natural culling patterns in dairy herds by inclusion of age and mortality percentage. There 

was a weaker association between the individual antibody response depending on age group and 

UED. Together this suggests that exposure to and infection with M. bovis increases the risk that 

heifers will have to be removed from dairy herds before the first calving. A supplementary analysis 

suggested that the death/euthanasia among the young calves are affected by the disease among the 

lactating cows, rather than disease among the other youngstock. 

This is the first study to investigate the association between M. bovis antibody level and UED. 

However, other authors have investigated the association between the antibody response and 
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disease and other production parameters. The findings of our study is in agreement with Martin et al. 

(1990) who found an association between the seroconversion rate against M. bovis in the group of 

feedlot calves and respiratory disease, which in itself might lead to death or euthanasia (Gulliksen et 

al., 2009). In contrast, Pardon et al. (2015) found no association between M. bovis serostatus at 

arrival at a feedlot and BRD. The difference between the conclusions can be due to difference in 

variables included and the timing of the serostatus measure in relation to disease development. 

Martin et al. (1990) included the seroconversion rate in the first 28 days at the feedlot, while Pardon 

et al. (2015) only included the serostatus at arrival in a veal calf facility. Transmission from older 

calves to incoming calves is a source of infection with M. bovis (Maunsell et al., 2011) and it is likely 

that infection with M. bovis at least in some calves are seen after mixing with other calves at e.g. a 

rearing unit. In addition, the young age of the calves in Pardon et al. (2015) could have resulted in 

only few calves being seropositive and the serostatus might therefore not be representative for the 

infection status. The true effect of infection with M. bovis could therefore be masked in the study by 

Pardon et al. (2015). Both of these studies are conducted in feedlots and compared to the present 

study in dairy herds, there are probably differences in culling pattern and mortality that can have 

affected the conclusions. 

The fact that age significantly modified the association between Individual ELISA ODC% and the 

incidence rate of UED, means that increasing individual ELISA ODC% had different effects in different 

age groups. Increasing ELISA ODC% was associated with increased UED at age 9-12 months, while in 

heifers > 27 months of age increasing ELISA ODC% was negatively associated with UED. Young calves 

are primarily euthanized/die due to different diseases and management factors and the mortality 

percentage decreases with age (Gulliksen et al., 2009). An explanation for the positive association 

between ELISA ODC% and UED in age group 9-12 months can be that the calves in this age group are 

in general less vulnerable and less likely to die than younger calves, so the effect of M. bovis 

infection, which can be chronic and have a prolonged effect (Maunsell and Donovan, 2009), even if 
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the heifers were infected as young, is then more evident than when confounded by other diseases or 

risk factors. Martin et al. (1990) also included the individual antibody response, but did not find an 

association with disease. Their conclusion was that this could either be because M. bovis only has an 

effect at group level, or it may reflect the level of statistical control in the models. It could also be 

due to the fact that the calves were not followed for longer than 28 days and the effect of M. bovis 

was therefore not evident yet. The negative association between Individual ELISA ODC% and UED in 

heifers > 27 months old is more difficult to interpret biologically. One potential explanation could be 

that heifers that survived until around calving were the ones not as severely affected by M. bovis as 

the ones that were culled/died earlier. Despite an elevated antibody response they were healthy and 

deemed capable of continuing in the herd as lactating cows, despite haven been exposed to M. bovis 

at a younger age.  

Other authors have investigated the association between M. bovis and weight gain, and no 

association between seroconversion rate and weight gain was found in feedlot calves (Martin et al., 

1990), while a tendency for lower weight gain in M. bovis seropositive weaned beef calves has been 

found (Hanzlicek et al., 2011). The reason for these rather inconsistent results could be that M. bovis 

is often harmless by itself but enhances the pathogenicity of other organisms (Martin et al., 1990). 

The impact of M. bovis serostatus is therefore dependent on other pathogens present in the included 

animals and this is impossible to unify or control for in field studies unless many pathogens are 

screened for simultaneously. 

The outcome of interest, UED, consisted of both involuntary culling (slaughter or euthanasia) and 

death. As seen in Table 2, the distribution of specific events was different. Death/euthanasia 

happened mainly during early age, while slaughter mainly happened later. There were probably 

different underlying reasons for e.g. slaughter and death, with death/euthanasia usually happening 

in more severe cases of disease or injury, and the antibody response could have different impact on 
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different reasons for UED of heifers. Euthanasia and slaughter of a heifer is a decision made by the 

farmer in contrast to death, and culling decisions are known to be affected by many different factors 

apart from poor health of the animals (Haine et al., 2017). An analysis of each of the specific events, 

slaughter, death and euthanasia separated would have been relevant, but it was not possible with 

the available data due to few events in each age-category. However, based on the non-significant 

association between individual ELISA ODC% and UED in the poisson regression, we decided to 

perform a supplementary analysis were individual ELISA ODC% was excluded and therefore allowed 

for inclusion of heifers that died/were euthanized between 0-3 months of age. A high prevalence of 

milk-test positive lactating cows in the herds was associated with a higher risk of dying or being 

euthanized. This suggests that the survival among the young calves during and after a M. bovis 

disease outbreak is affected by disease among the cows and not the disease pressure among the 

calves in general. As M. bovis can be transmitted from cow to calf by ingestion of contaminated milk 

or by direct contact (Maunsell and Donovan, 2009), it is plausible that the young calves are more 

affected by their dams than the older calves.  

 The decision of culling could in principle have been affected by the ELISA ODC% of the heifers, as 

these were made available to the farmer after the herd visits. However, during the study period no 

recommendations about use of the antibody results in relation to management were given, and 

farmers did not seem to know what to do with the results during the field study period. Furthermore, 

the last blood sample results were collected around the age of 1 year, and most of the heifers were 

slaughtered at least 6 months after. Taken together we find it not likely that the results of the blood 

samples have influenced farmer’s choice of culling. If this is the case, it is more likely that it was in 

fact the health or production performance effect of M. bovis infection that was reflected in the 

results.  
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Using ELISA measurements from young animals can be challenging, both because of possible 

interference from maternal antibodies and lack of immune competence in the animals. The sparse 

published literature dealing with maternal antibodies against M. bovis have found low titers in young 

calves, suggesting either low exposure or failure of passive transfer (Van Donkersgoed et al. 1993).  A 

field study investigating the antibody response in young calves found that the interpretation of the 

ELISA response is uncertain in this age-group when using the BioX 302 ELISA (Petersen et al., 2018b). 

Samples taken when the calves were less than 90 days of age were therefore excluded. This means 

that calves that died before the age of 90 days were also excluded. That could have resulted in 

exclusion of young calves that actually died because of M. bovis-associated disease in the herd. This 

effect will primarily be seen in the herds with a recent history of M. bovis-associated disease 

outbreak. Many of the herds were more than 2 months past the disease outbreak when sampling 

was initiated, and therefore this is considered a minor issue. On the other hand, calves are proposed 

as being the reservoir for keeping the infection on-going in the herd (Maunsell et al., 2011), which 

suggests that on-going infection and disease caused by M. bovis can be expected in many of the 

included herds. Including the calves below 3 months old in the primary analysis would have been 

preferable and would also have resulted in more events, which would have strengthened the 

statistical analyses. 

To account for the M. bovis-associated disease status among all calves in the herd the maximum 

seroprevalence of all sampled calves observed in the herds was also included. This variable reflects 

the M. bovis status among calves aged 3-12 months in the herd. Despite antibodies against M. bovis 

are not recommended for individual diagnosis (Maunsell and Donovan, 2009), an increase in 

antibody titre occur after exposure to M. bovis (Kanci et al., 2017) and the seroprevalence in a group 

of calves is assumed to be a useful measure of exposure to M. bovis.  
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The level of M. bovis infection among the cows in the herds was accounted for by including the 

maximum prevalence of antibody positive lactating cows observed in the herds. The antibody level in 

milk samples reflects the presence of M. bovis infections in udders and no other clinical syndromes 

such as arthritis and pneumonia (Petersen et al., 2018a). To include a measure of systemic infections 

among the cows it would have been relevant to include the seroprevalence of cows. However, this 

was unfortunately not possible with the available data. In fact many of the Danish M. bovis-

associated disease outbreaks happening from 2011-2014 were characterised by systemic disease 

(Jensen, 2015) and being able to take this into account in the models could possibly have had a 

significant effect on UED in the herds. The effect of living in a herd during a M. bovis-associated 

disease outbreak might therefore be underestimated because all disease manifestations among cows 

in the herd have not been taken into account.  

When using antibody measurements the ELISA test used can influence the results. In our study, we 

used the BioX 302 test which is a test that has been available for many years and different authors 

have investigated different aspects of it (Petersen et al., 2018a, Petersen et al., 2018b, Schibrowski et 

al., 2018; Wawegama et al., 2016).  However, the results obtained in this study might not be 

transferable to other ELISA tests for M. bovis, as another test might behave differently as shown in 

e.g. Petersen et al. (2018b). 

The mortality percentage was included to account for the mortality in the young calves that could 

not have their serostatus evaluated due to lack of immune-competence. Death in young calves can 

have various causes e.g. acute diarrhoea and other infectious diseases, as well as physical and 

psychological stressors dependent on management (Gulliksen et al., 2009; Uetake, 2013). By 

including the mortality percentage in the young calves it was attempted to take different 

management in the herds into account, however, having said this we are aware that other factors  

than management also influence the calf mortality.  
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The last blood sample was collected from the heifers at the age of approximately 12 months and 

calving or censoring happened 12-15 months later. This results in a gap with no sampling where 

disease development in the heifers could not be detected. This is a limitation, however as M. bovis 

disease is reported to usually affect young calves and cows and the participating herds were included 

based on recent or past exposure to M. bovis, we do not find it likely that this has affected our 

associations to a great extent. 

In conclusion, despite this study being limited in sample size and number of UED events per herd 

overall it points to a negative effect of having active M. bovis-infection causing disease among calves 

in dairy herds. A higher M. bovis seroprevalence in the group of calves and young stock increased the 

risk of heifers being culled, euthanized or dying before the first calving in this study, while the effect 

of the individual antibody responses was dependent on age. Death/euthanasia among the young 

calves are affected by the disease among the lactating cows, rather than disease among the other 

youngstock. The long-term effect of M. bovis is most pronounced at group-level and management 

and preventive actions should be implemented to reduce the risk of infection and exposure in the 

group of calves, rather than focusing on the status of the individual calf.  
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Figure captions 

Figure 1: Overview of the four sampling rounds in each of the 36 Danish dairy herds included in this 

study. Black arrows indicate herd visit with blood sampling, black bars indicate milk sampling from 

lactating cows. At each sampling round, blood and milk samples were collected from the 20 cohort 

calves, 45 other calves and 50 lactating cows. Mo = months old, *= cohort calves. 

 

Figure 2: Schematic drawing showing examples of calves included in the study (not all types of 

observation patterns shown for included heifers) and the two possible sample combinations that led 

to exclusion of the heifer from the analysis dataset (n indicates the number of heifers excluded with 

a given exclusion pattern). Black circle = blood sample, black dot = age. 
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Figure 3: Kaplan-Meier plot showing the survival of heifers as a function of time divided into two 

groups dependent on the prevalence of milk-test positive lactating cows in the herds. ‘Low’: =< 0.35, 

‘High’ = > 0.35.  
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