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ABSTRACT 

The aim of this study was to evaluate the effects of infection with Mycobacterium avium subsp. 
paratuberculosis (MAP) on slaughter weight and slaughter value of dairy cows. Two datasets were analyzed: 
1) recordings from 1,031 cows in herds in a pilot-study to control MAP infections; and 2) recordings from 
36,455 cows from herds participating in the Danish MAP control program. Carcass weight and meat quality 
data were obtained from all cows and the effect of stage of MAP infection was assessed by analysis of 
variance. MAP infection stage was based on repeated milk antibody ELISA in both datasets. Furthermore, 
repeated fecal culture and occurrence of enteritis and enteric edema found at slaughter were recorded in 
Dataset 1 and 2, respectively. Slaughter weight and value were reduced by 10% and 17%, respectively, in 
cows with positive ELISA at slaughter. If the cow was also positive in fecal culture, slaughter weight and 
value were reduced up to 15% and 31%, respectively. The slaughter weight and value were reduced an 
additional 20% and 31%, for cases with recorded enteritis or edema. Thereby, summarized weight losses up 
to 31% and value losses up to 48% occurred. Fecal culture negative cows only had reduced slaughter 
results if they were ELISA-positive in the last two tests. Losses at slaughter caused by MAP were much more 
severe than has previously been estimated, and these losses could be predicted by repeated milk-ELISA 
tests with or without confirmation with fecal culture.  
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INTRODUCTION 

Infection with Mycobacterium avium subsp. paratuberculosis (MAP) in cattle can cause reduced milk yield, 
intermittent diarrhea, weight loss and terminally devastating mortal diarrhea. Losses at slaughter associated 
with MAP infection have only been quantified in a few previous studies, with reduction of slaughter weight 
reported in some, and reduction in slaughter value in others. In addition to the weight of the animal at time of 
slaughter, slaughter value also includes the age of the animal and the price per kg, reflecting the quality of 
the meat. Compared to MAP culture negative cows slaughter weight has been reported reduced by 10% in 
carcasses, where ileocecal lymph nodes, ileum, rectum or feces were MAP culture positive (Whitlock et al., 
1985). Slaughter value has been reported reduced by 30% in cows with clinical symptoms (Benedictus et al., 
1987). However, McKenna et al. (2004) found no relationship between body condition score and occurrence 
of MAP in the intestines or lymph nodes. Only animals that are unable to control the infection are expected to 
experience reduced weight caused by MAP infection. Loss of control is associated with occurrence of 
antibody-mediated immune reactions, which indicates progression of the infection. Our hypothesis was that 
specific MAP antibody profiles are associated with reduced weight and value at slaughter. The aim of this 
study was to assess the association between the slaughter weight and value and the MAP infection stage. 
MAP infection stages were estimated based on the repeated milk antibody ELISA (MAP antibody profile) 
alone or in combination with a) fecal culture results; or b) findings of enteritis or edema at slaughter as 
indicators of clinical disease. 

MATERIALS AND METHODS 

Animals, Herds, and Records 
The study included two populations. Dataset 1 (sampled 1999 – 2003) included 1,031 Danish Holstein (Black 
and White) cows from 7 herds. Milk samples from monthly routine test-day recordings were repeated with a 
mean of 11 times per cow. Feces was sampled 4 times per year per herd, and resulted in a mean of 5.3 
samples per cow. Dataset 2 was based on recordings from the Danish national voluntary control program on 
paratuberculosis (Nielsen, 2007) (2006 –2007) and a pilot study (2003-2005). In total, data from 28,733 
Danish Holstein cows in 893 herds and 7,722 Jersey cows from 239 herds were included in Dataset 2. Fecal 
samples were not obtained, but milk sampling from all lactating cows was repeated every third month with a 
mean of 2.4 times per cow. 
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Diagnostic Tests
Milk samples were tested with a MAP specific antibody ELISA (Nielsen, 2002) and fecal samples were 
cultured using Herrold’s Egg Yolk Medium as described in Nielsen et al. (2004). Cows were divided into 6 
different antibody groups based on the last 4 ELISA results. These groups were assumed to reflect different 
stages of infection, and have been described to be associated with differences in detectable MAP shedding 
and milk production (Nielsen, 2008; Nielsen et al., 2009). Group A0 has a minimum of two available tests, 
and all tests were negative. Group A1 has only one available test which was negative and this group was 
excluded from further analyses due to the limited information. In group A2 the last three tests were negative, 
but previously at least one test was positive. In group A3 the response is fluctuating between negative and 
positive, last test was negative. In group A4 the last test was positive, but previous tests were all negative. In 
group A5 the last two or more tests were positive. Groups A0 and A2 have a low risk of detectable bacterial 
shedding, Group A3 has an intermediate risk, whereas Groups A4 and A5 have a high risk (Nielsen, 2008). 
A cow was defined to be fecal culture (FC) positive if one or more fecal samples were positive. 

Slaughter Recordings
Data on carcass weight, muscle mass classification (based on the E.U.R.O.P. system (Anon., 2004)) and 
registrations of signs of diseases (including enteric edema and enteritis) or injuries on the carcass were 
obtained from Danish slaughterhouses. Information on age, calving number, breed, lactation stage, and 
cause of death (dead or slaughtered) were obtained from the Danish Cattle Database. 

Statistical Analysis 
Two similar statistical models were analyzed, one with slaughter weight as outcome, and the other with 
slaughter value as outcome. The slaughter value was calculated as slaughter weight multiplied by the price 
per kilo (depending also on age of the animal), originating from the official E.U.R.O.P. quotation on May 14, 
2008 from the Danish slaughter houses. The effect of MAP infection status (based on ELISA, fecal culture, 
and enteritis/enteric edema) on slaughter weight and slaughter value was analyzed by analysis of variance, 
using the Mixed procedure in SAS®. The following initial model was set up using a random coefficient mixed 
model with two levels: 

Yjklmno= β0 + β1l + β2m + β3 DPjk + β4n + βol + β6DIMjk + Hk + eijklm 
where Yjklm = slaughter weight or slaughter value; DPjk = days passed since first positive ELISA and until 
slaughter of the jth cow of the kth herd; DIMjk = days in milk at slaughter of the jth cow of the kth herd; β0 = 
overall mean of either the slaughter weight or slaughter value; β1l = fixed effect of the lth antibody group, 
where l = A0, A2, A3, A4 or A5; β2m = fixed effect of the mth fecal culture response where m = FC- or FC+; β3 

= fixed linear regression coefficient of DP; β4n = fixed effect of category n of symptoms of chronic diseases 
found on the carcass; β5o = fixed effect of the oth parity (categories 1, 2, and 3+); β6 = fixed linear regression 
coefficient of DIM; Hk = random intercept of the kth herd; ejklmno = a random residual component assumed 
independent, identically distributed normal, N(0,σ2). Dataset 1 was only analyzed for Danish Holstein. 
Dataset 2 was analyzed separately for Jerseys and Danish Holstein. All possible combinations of first-order 
interactions between all fixed effects were included initially besides the main effects. Models were reduced 
by backward elimination using the likelihood-ratio test at the 5% level as the cut-off for inclusion in the model. 

RESULTS 

The reduction in slaughter weight and value of cows with various antibody profiles compared to the slaughter 
weight/value of antibody negative cows is listed in Table 1. The last column shows the estimates of the 
additional effect of enteritis or edema on the slaughter weight in Dataset 2. This loss should be added to the 
loss associated to the antibody group, because there was no interaction between these variables. This 

Table 1. Reduction of slaughter weight and value (%) in cows of various antibody groups. P-values refer to 
the difference compared to Antibody group 0 (and fecal culture negative in Dataset 1). 
Effect on Data- Breed Fecal Antibody group Enteritis or 

set culture A0 A2 A3 A4 A5 enteric 
edema 

Slaughter- 1 Danish Holstein Positive - 2.6% - 6.1% -11.9%** -14.9%** -15.6%***  0% 
weight 1 

2 
Danish Holstein 
Danish Holstein 

Negative 
Unknown 

0.0% 
0.0% 

0.4% 
1.9% 

- 0.3% 
- 3.8%*** 

0.9% 
-7.3%***

-2.3% 
-10.1%***

 0% 
 - 19.5%*** 

Slaughter 
2 
1 

Jersey 
Danish Holstein 

Unknown 
Positive 

0.0% 
-6.5% 

- 1.2% 
- 23.2% 

-3.8% -7.1%***

-28.6%* -23.8%**
 -10.1%***

 - 30.8%***
 -20.0%*** 

0 % 
value 1 

2 
Danish Holstein 
Danish Holstein 

Negative 
Unknown 

0% 
0% 

- 1.3% 
- 3.9% 

0.7% 
-12.9%*** 

-1.6% 
-7.9%***

- 7.0% 
-16.6%***

 0% 
 - 31.2%*** 

2 Jersey Unknown 0% 2.7% -10.5%*** - 3.3% -14.4%*** -28.0%*** 

** P < 0.01; ** P < 0.01; *** P < 0.001 
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means that a Danish Holstein cow in Group A5 with enteritis or edema at slaughter would have a total 
reduction of slaughter weight on 30%. The loss in monetary value reflects not only a lower weight but also a 
lower price per kilo due to age (> 42 months of age) and lower meat content and quality. 

DISCUSSION AND CONCLUSION 

MAP associated losses of slaughter value appeared to be twice the relative losses of slaughter weight. This 
underlines the importance of including meat quality in the estimation of the economic losses incurred to the 
farmer. Losses in slaughter weight and value caused by MAP were more severe than estimated in previous 
studies. Compared to presumably unaffected test-negative cows, slaughter weight and value were reduced 
by 10% and 17%, respectively for ELISA-positive cows. Slaughter weight and value were reduced 15% and 
31%, respectively, for cows also testing fecal culture positive. Benedictus et al. (1987) estimated a total loss 
of slaughter value among clinical cows of 30%. In worst case, a total loss of 48% (17% loss due to being in 
antibody group A5 with unknown fecal culture and 31% due to clinical signs) could occur. The results show 
that losses in slaughter weight and slaughter value can be predicted by repeated milk-ELISA tests with or 
without confirmation with a fecal culture. ELISA-positive cows with findings of enteritis or enteric edema, or 
positive fecal culture, will experience the highest losses. Cows with repeated positive ELISA results (Group 
A5) had the biggest losses compared to ELISA negative cows (Group A0), but also cows with fluctuating 
antibody results (Group A3+A4) could experience smaller, but still significant losses. There was a negligible 
difference in the slaughter weight results between Jerseys and Danish Holstein. Repeated milk ELISA 
testing gave a good prediction of potential losses in slaughter results, but when combined with fecal culture 
predictions were even better. Farmers using the regular milk-ELISA tests should pay increased attention to 
animals which have had their first positive ELISA. However, slaughter decisions should only be taken if the 
animal has had at least two positive ELISA results in a row. These cows have both a higher risk of a reduced 
slaughter weight, a reduced milk yield (Nielsen et al., 2009) and a higher risk of being infectious (Nielsen, 
2008). If the farmer wants a confirmation of the diagnosis before slaughter, the ELISA can be supplemented 
with a fecal culture test. The results will be published in Kudahl and Nielsen (2009) 

REFERENCES 

Anon. (2004). European Union legislation. Order 882/2004: Technical norms for bovine carcass classification 
http://www.europ.ro/english/legislation_en/ENTechnical%20Norms%20Bovine%20Order%20882.doc. 

Benedictus, G., A. A. Dijkhuizen, and Stelwagen, J. (1987) Economic losses due to paratuberculosis in dairy 
cattle. Vet. Rec. 121, 142-146. 

Kudahl, A.B. and Nielsen (2009) Effect of paratuberculosis on slaughter weight and slaughter value of dairy 
cows. J.dairy Sci. doi: 10.3168/jds.2009-2039 

McKenna, S. L., Keefe, G. P., Barkema, H. W., McClure, J., Vanleeuwen, J. A., Hanna, P.and Sockett, D. C. 
(2004). Cow-level prevalence of paratuberculosis in culled dairy cows in Atlantic Canada and Maine. J. 
Dairy Sci. 87, 3770-3777. 

Nielsen, S. S. 2002. Variance components of an enzyme-linked immunosorbent assay for detection of IgG 
antibodies in milk samples to Mycobacterium avium subsp. paratuberculosis. J. Vet. Med. B 49:384-387. 

Nielsen, S. S. 2007. Danish control programme for bovine paratuberculosis. Cattle Practice 15: 161-168. 
Nielsen, S. S. 2008. Transitions in diagnostic tests used for detection of Mycobacterium avium subsp. 

paratuberculosis infections in cattle. Vet. Microbiol. 132:274-282. 
Nielsen, S. S., Kolmos, B., and Christoffersen A. B, (2004). Comparison of contamination and growth of 

Mycobacterium avium subsp. paratuberculosis on two different media. J. Applied. Microbiol. 96,149-153. 
Nielsen, S. S., Krogh, M. A. and Enevoldsen, C. (2009) Time to the occurrence of a decline in milk 

production in cows with various paratuberculosis antibody profiles. J. Dairy Sci. 92, 149-155. 
Whitlock, R. H, Hutchingson, L. T., Merkal, R.L., Glickman, T., Rossiter, C., Harmon, S. Spencer, P. Fetrow, 

J., Bruce, J., Benson, C. E. and Dick, J. (1985). Prevalence and economic consideration of Johne’s 
disease in the northeastern U.S. Proc. United States Animal Health Association 89, 484-488. 

ACKNOWLEDGEMENTS 

This study was supported by the Danish Food Industry Agengy (DFFE, J.nr. 3412-06-01550), the Danish 
Milk Levy Fund and the Danish Cattle Levy Fund. The Danish Cattle Federation is thanked for providing 
access to the data. 

Proceedings of the 12th International Symposium on Veterinary Epidemiology and Economics (ISVEE), 2009 
Available at www.sciquest.org.nz




