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Inflammation-induced pain in cattle: why and how we should alleviate it? 

Stine Jacobsen 

Section for Large Animal Medicine and Surgery, Department of Veterinary Clinical Sciences, 

University of Copenhagen 

Inflammation is elicited during commonly occurring diseases in cattle such as enteritis, mastitis, 

and claw disease, and is also caused by husbandry procedures including dehorning and castration. 

Inflammation causes swelling, redness, heat, reduced function (e.g. stiffness) and pain. Pain arising 

from inflamed or injured tissues may arise spontaneously in the absence of an external trigger. Also, 

responses to noxious stimuli may be enhanced (hyperalgesia) or normally innocuous stimuli may 

produce pain (allodynia), so that even everyday procedures such as walking or being milked may 

cause the animal discomfort. For ethical reasons and to reduce pain-inflicted production losses, 

farmers and veterinarians should work together to minimize pain and suffering in cattle. This is also 

important for the public, as health and well-being of dairy and beef cattle continue to be scrutinized 

by consumer groups.  

Both the peripheral and the central nervous systems are involved in recognition of pain, and in these 

systems a variety of receptors play a role in nocioception. The most effective way of modulating 

pain is thus to use so-called multimodal therapy, where drugs with effects on different parts of the 

nerve system and on different receptors are combined. Thereby, maximal effect is obtained while 

side-effects of the applied drugs are kept to a minimum. Reduction of inflammatory pain relies on 

treatment of the inciting cause and on use of analgesics. To be most effective, pain medication 

should be initiated as soon as possible in the course of disease, because chronic pain may have a 

blunted or unpredictable response to analgesics. Where possible, a preemptive analgesic strategy 

should be adapted, where analgesics are provided before the inflammation-inducing stimulus, e.g. 

dehorning. 

A number of drugs and techniques for providing analgesia in cattle are available and will be 

detailed in the lecture. 

 

 



Long term effects of different floor types on gait and claw health in dairy 

cows 

Evgenij Telezhenko, Madeleine Magnusson and Christer Bergsten 

Section of Animal Environment and Building Function, Department of Biosystems and Technology, 

Swedish University of Agricultural Sciences, Alnarp, Sweden 

The aim of the study was to examine cow gait within different free-stall walkway designs. The 

data on gait characteristics and claw health were collected in 77 lactating Swedish Holstein cows 

kept in free-stall barn with three different types of floor at the walkways: solid rubber, solid 

mastic-asphalt and slatted concrete. The gait was assessed under the field conditions, within the 

walkways where cows were normally housed, by using trackway measurements. The cows were 

forced to have the same speed range (average speed 1.2 m/c for all the groups) during gathering 

the gait data. The slipperiness of the floors was characterised by measurements of static and 

dynamic coefficients of friction under the field conditions at the sites with different level of soiling. 

Rubber mats showed highest friction than asphalt or concrete slatted floor. The variation in 

friction across different sites of the walkways was highest in asphalt (Coefficient of Variation (CV) 

29-31%) while variation on the runner mats or slatted concrete was of similar magnitude (CV: 9-

5%). The slippery spots on asphalt were results of interaction of the rough floor surface and the 

frequently use of scraper with rubber blades, which resulted in building layers of dried manure 

and feed residuals on the floor. The rubber mats showed highest friction coefficients, but the 

friction of rubber floor was also dependent on vertical load exerted to the surface. After increasing 

the vertical force from 309 to 1682 N the dynamic coefficient of friction increased by 13%. The 

gait parameters of the cows kept on the asphalt floors did not differ from those on the concrete 

slatted floor. Cows kept on the rubber mats had significantly longer strides, lower stride 

frequency and better tracking than cows kept on two other types of walkways. There were no 

significant differences in claw health across different flooring systems, but cows with more claw 

horn disruptions had shorter strides (P=0.03) and less tracking (P=0.04). In addition, cows with 

smaller base of support were characterised with more claw horn disruption lesions (P=0.02). It 

was concluded that the uneven frictional parameters across the surface results in developing 

restricted movements while posture alterations due to a slippery surface could be a contributing 

factor for development of claw lesions.  



Should future feed evaluation systems include a description of 

fermentation kinetics in the rumen?  
Lasse E. Sembach, Rajan Dhakal, Hanne H. Hansen and Mette O. Nielsen 

Section for Production, Nutrition and Health, Department of Veterinary and Animal Sciences (IVH), 

University of Copenhagen 

 

Organic matter digestibility of feedstuff for dairy cows, which relates to the nutritional value of a 

feed, has historically been determined as the percentage of dry matter of a feed that has been 

degraded after 48 hours of incubation in the rumen. After 48 hours, the gas production from the 

degradation of the feeds has for most feeds reached a plateau and no further significant 

degradation of the feeds are expected to happen in the rumen. NorFor, the Nordic feed evaluation 

system, uses a model for feed degradation in the rumen that includes a degradation rate in 

percentage per hour for starch, crude protein, NDF and a rest fraction.  

To test the accuracy of the feed degradation model used in NorFor, the degradation rate of 12 

feedstuffs were examined in two in vitro fermentations, using rumen fluid from two jersey heifers 

as the inoculate. 

10 feedstuffs were run in quadruples in each fermentation, while 2 feedstuffs were run in 

triplicates. The ANKOM system was used to register the gas production for each sample during the 

fermentations. Half the samples were removed and filtered after 9 hours of fermentation, while 

the remaining samples were removed and filtered after 48 hours of fermentation. The dry matter 

degradation for each sample was measured post filtering.  

There were significant differences in the dry matter degradation between the feedstuffs for both 

the 9 hour samples and the 48 hour samples and within the feedstuffs between the 9 hour 

samples and the 48 hour samples. 

Some feedstuffs had significantly different dry matter degradation at 9 hours, but not at 48 hours.  

Following the two fermentations, chemical composition of each feedstuff will be used in the 

NorFor degradation model to create a degradation curve. Degradation curves for each feedstuff 

estimated from the gas production in the two in vitro fermentations will then be compared to the 

degradation curves for the same feedstuffs created by the NorFor model.  

By comparing the different degradation curves at specific timepoints significant differences can be 

uncovered and used to estimate the accuracy of the NorFor degradation model on different 

feedstuffs.  

 



Effects of seaweeds and other feed additives on in vitro rumen 

fermentation, methane and total gas production  

Gizaw D. Satessa1, Jens Legarth2, Mette O. Nielsen1, Rajan Dhakal and Hanne H. Hansen1 

1Section for Animal Production, Nutrition and Health, Department of Veterinary and Animal 

Sciences, University of Copenhagen, Grønnegårdsvej 3, 1870 Frederiksberg C.  

2Fermentationexperts AS, Vorbassevej 12, DK-6622, Bække 

Abstract 

Methane (CH4) emission from livestock production is a serious problem as it contributes to climate 
change besides representing a loss of feed energy during ruminant digestion. Consequently, there is 
a need to find additives that can mitigate enteric CH4 production without decreasing feed 
utilization. The in-vitro gas production technique (IVGPT) is a laboratory method that can simulate 
rumen fermentation and measures gas produced as fermentation progresses.  Rumen degradability 
of dry matter and methane produced during fermentation can also be measured using this technique.  
Experiments were undertaken to evaluate the effect of seaweeds products alone or as additive in 
combination with two basal feeds on CH4, total gas production and dry matter degradation. Three 
IVGPT trials were carried out with either sugar beet pulp (BP) or maize silage (MS) as the basal 
feed. Three additives were used: a seaweed product containing a brown algae species (BA), a mixed 
product containing the brown algae species and prefermented rapeseed (RBA) and a commercial 
mix of seaweeds, Oceanfeed™ Swine (OF). The basal feeds (SBP and MS) and each of the 
experimental feed additives (BA, RBA, and OF) were mixed in a 4:1 or 5:1 ratio. A standard buffer 
and rumen inoculum was used to incubate the samples for 48 hours. CH4 production reduction was 
greatest (up to 32%) with the addition of BA (seaweed) compared to the other additives in MS. 
Total gas production was reduced by 21% and 18% with inclusion of the seaweed products in BP 
and MS, respectively, as compared to gas production from fermentation of the basal feeds. Despite 
the reduced gas production, dry matter degradation was not effected by BA. This suggests that BA, 
although infermentable by itself, can potentially alter fermentation processes to reduce 
methanogenesis without compromising feed digestibility.  

Key words: In vitro gas production, Methane, Seaweed, Brown algae, Rumen degradation 



Impacts of prenatal malnutrition and an early obesogenic diet on adipose tissue 

morphology and gene expression 
 

Sharmila Ahmad1, Lise K. Lyngman1, Rajan Dhakal1, Morteza Mansouryar1, Mohammad Moradi3, 

Prabhat Khanal2 and Mette O. Nielsen1 

 
1Section for Production, Nutrition and Health, Department of Veterinary and Animal Sciences (IVH), 

University of Copenhagen 
2Department of Nutrition, Lipid Droplets Research Group, Norwegian Transgenic Centre (NTS), 

University of Oslo 
3Department of Animal Science, Sari Agricultural Science and Natural Resources University (SANRU), 

Iran 

 

Introduction: Adipose tissues in precocial species developed and differentiate during mid-late 

gestation, which makes their postnatal function sensitive to in utero nutrient restriction. Nutrition 

insults, in the form of under- as well as overnutrition, during this period can have long term 

implications for adipose tissue structure and metabolism of the offspring later in life. In the present 

study, we aimed to investigate whether 1) phenotypic manifestations in adulthood of such a prenatal 

programming on adipose tissue structure and function al traits (gene expression) can be affected by 

the nutrition exposure in early postnatal life, and 2) whether dietary correction later in life can 

reverse the long-term consequences of early life malnutrition. 

 

Materials and methods: A total of 36 twin bearing cross-bred Texel ewes (last 6 weeks of 

pregnancy, term=147 days) were fed NORM (100% energy and protein), HIGH (150% energy and 

110% protein) or LOW (50% NORM) diet. Postnatally, twin lambs were subjected to a 

conventional (CONV) or and obesogenic high-starch-high-fat (HCHF) diet from days 3 until 6 

months of age. A subgroup of animals (not slaughtered at 6 months of age) were thereafter fed the 

same conventional diet until 2½ years of age and then humanely euthanized. Adipose tissue from 

different depots was used for histological evaluation and determination of expression of a range of 

genes. 

 

Results: 

Subcutaneous adipose tissue 

Females exposed to prenatal malnutrition and/or fed an early postnatal obesogenic diet (except for 

LOW-CONV) had a higher proportion of larger adipocytes (6400-25600µm
2
) compared to CONV 

females that were adequately nourished in fetal life. A similar shift was observed in CONV-HCHF 

compared to NORM-CONV males. The results are consistent with the gene expression analysis, 

where a lower expression was found for genes involved in adipogenesis and angiogenesis in the 

prenatal malnourished groups, which may compromise subcutaneous adipocyte hyperplasic growth, 

hence predispose for hypertrophic growth and consequently adipocyte enlargement.   

 

 

 



Mesenteric adipose tissue 

Undernourished females had the highest percentages of large adipocytes (12800-

25600µm
2
=16.09% and 25600-36000µm

2
=2.39 %) than males. In males, prenatal under- (LOW) 

and overnutrition (HIGH) shifted the distribution of adipocyte size in the direction of larger 

adipocytes with an area between 12800 to 36000µm
2
. However there were no effects of neither 

prenatal nor postnatal nutrition exposures on gene expression in mesenteric adipose tissue, except 

for PPARγ and FAB4. 

 

Perirenal adipose tissue 

Individual exposed to prenatal malnutrition and early postnatal obesogenic diet had increased 

proportion of larger (6400-12800 µm
2
) adipocytes compared to those fed NORM-CONV diet. 

Analysis of gene expression revealed that HSL and IL6 genes were only up-regulated in 

undernourished groups while VEGF, IL6 and MCP1 genes were down-regulated in malnutrition 

groups in contrast to NORM CONV. However, the morphology changes in adipocytes morphology 

somehow cannot be explained by altered expression of the studied genes.   

 

Epicardial adipose tissue 

Both males and females had an increased proportion of larger adipocytes (6400 to 128000µm
2
) 

when they had been exposed to the early postnatal obesogenic diet. Furthermore, up-regulation of 

lipid metabolism and adipogenic genes was also found in the HCHF groups. This indicates that 

early postnatal HCHF diet target pericardial adipose tissue and has a permanent effect in adulthood. 

 

Conclusion: Subcutaneous and perirenal, but not mesenteric and epicardial, adipose tissues were 

targets of fetal programming with long-term implications for structure and gene expression, which 

were expressed  in LOW irrespective of the postnatal diet, but surprisingly in HIGH mostly upon 

exposure to the mismatching CONV diet. Implications of early obesity development were not 

reversed by dietary correction later in life, and were expressed mostly in pericardial tissue. Pre- 

and/or early postnatal malnutrition predisposes for (presumably less healthy) hypertrophic rather 

than hyperplasic growth, and males appeared to attain a more female-like phenotype upon exposure 

to malnutrition in early life.  



A retrospective whole-genome-based study of Salmonella Dublin isolated 

from cattle and humans in 1996-2016 

Egle Kudirkiene1, Leonardo V. de Knegt2, Liza R. Nielsen2, Gitte Sørensen3, Erik Rattenborg4, 

Mia Torpdahl5, John E. Olsen1,  

1Section for Veterinary Clinical Microbiology, Department of Veterinary and Animal Sciences (IVH), 

University of Copenhagen, 2Section for Animal Welfare and Disease Control, Department of 

Veterinary and Animal Sciences (IVH), University of Copenhagen, 3National Food Institute, Technical 

University of Denmark/Statens Serum Institut, 4SEGES, 5Unit of Diagnostic and Typing of 

Gastrointestinal Bacteria, Department for Bacteria, Parasites and Fungi, Statens Serum Institut 

The background. Salmonella Dublin is a cattle-adapted S. enterica serovar causing intestinal as 

well as systemic infection in its bovine host. S. Dublin may be transmitted to humans via contact to 

infected animals or consumption of contaminated milk or beef. Typically S. Dublin affects people 

with underlying diseases and is sometimes lethal. Despite the efforts to eradicate S. Dublin from the 

Danish cattle population since 2007, it remains present in around 7% of the dairy cattle herds, and 

clinical cases of human infection continue to be reported in Denmark. Investigation of transmission 

pathways is of interest to improve the prevention of spread of this loss-provoking infection. 

The aim. To apply whole genome sequencing (WGS) for an improved understanding of the S. 

Dublin population in Danish cattle herds and human. 

The methods. In total 196 isolates of S. Dublin from 58 cattle herds collected in different parts of 

Jutland from 1996 to 2016 were selected and whole genome sequenced with MiSeq (Illumina). All 

S. Dublin isolates from cattle have been classified into whether they originated from persistently 

and non-persistently infected farms according to a set of surveillance criteria. In addition, whole 

genome sequences of 46 clinical isolates from humans provided by SSI were analyzed.  

Results. The comparison of the whole genomes of S. Dublin isolates from cattle based on the single 

nucleotide differences in the core genome resulted in their grouping into three major clusters: 

Cluster I – Northern and Southern Jutland, Cluster II – Northern and Mid-Jutland predominantly 

and Cluster III – Southern and Mid-Jutland predominantly. The persistence status and the year of 

isolation had no effect on the phylogeny of S. Dublin. However, the majority of the isolates 

collected from the same cattle herd, with a few exceptions, clustered together, possibly due to the 

existence of a local herd-restricted source of infection in the farm environment or persistence in the 

animals. Similarly, no genome content differences were found between the persistent and non-

persistent isolates of S. Dublin, when the accessory genome of whole strain population was 

analyzed. Interestingly, a number of accessory genes were detected in isolates belonging to Cluster 

II, and these were found to represent two previously unreported plasmids of S. Dublin containing 

additional genes for antibiotic resistance and virulence. Finally, the comparison of cattle and human 

isolates resulted in human isolates clustering predominantly into Cluster II. The majority of human 

isolates within Cluster II also contained the two plasmids found in S. Dublin from cattle. 

Presumably, Cluster II may represent a more diverse, less host-restricted and more adaptive 

population of S. Dublin bacteria population in Denmark, which needs to be investigated in more 

detail.  

Conclusion. The WGS of S. Dublin enabled better insight into its circulation in cattle herds over 

the years, the relationship between human and cattle isolates, and provided valuable data that can be 

further used for an improved S. Dublin control in Denmark. 



Diagnostic opportunities for use of Mycoplasma bovis antibody 

measurements in serum and milk 

Mette B. Petersen, Matthew Denwood and Liza R. Nielsen 

Section for Animal Welfare and Disease Control, Department of Veterinary and Animal Sciences 

(IVH), University of Copenhagen 

Background: Mycoplasma bovis (M. bovis)  causes disease and substantial economic losses in 

cattle. In Denmark outbreaks in dairy herds are occasionally seen, as well as on going disease 

problems among calves, both in dairy and slaughter calf herds. Despite this, there is currently a 

lack of affordable and convenient diagnostic tests for use in clinical work and for surveillance of 

infection with M. bovis. 

To develop diagnostic guidelines for antibody testing against M. bovis we aimed to describe and 

compare the dynamics of M. bovis antibody responses in dairy cows and calves. Four Danish dairy 

herds experiencing an acute outbreak of M. bovis-associated disease were visited 5 times. A total 

of 120 cows and 83 calves were examined using a standardized clinical protocol and sampled with 

paired blood and milk samples, which were analysed for antibodies against M. bovis using the 

commercial ELISA kit BioX Bio K 302 at Eurofins-Steins Laboratory in Brørup. All animals were 

divided into disease groups based on the findings of the clinical examinations. 

Results: The antibody responses in serum were highly dynamic and varied significantly between 

individual cows. The cows with mastitis generally had high antibody levels in both serum and milk 

at disease onset, while the cows with arthritis only had high antibody levels in serum. The 

duration of high antibody levels seems to be shorter than for other diseases, as the estimated 

mean was already below the manufacturer’s cut-off at 37 ODC% 65 days after disease onset. The 

antibody levels in the cows with no M. bovis-associated disease were below the cut-off throughout 

the study period in most of the cows. 

The interpretation of serology in calves differs from that in adult cows. The BioX ELISA response 

was below the 37 ODC% cut-off for the entire study period for many of the calves, even when they 

were clearly ill from M. bovis. The estimated mean ODC% slowly rose but did not reach the 

recommended individual animal cut-off at any time in three of the four herds. The tendency was 

that the highest ODC% was not reached until the calf was 60 days old and the pattern did not 

differ between disease status groups. 

Conclusion: Due to the large individual variations, serology does not appear to be very useful for 

individual diagnosis of M. bovis-associated disease in dairy cows and calves. However, it might still 

be useful for herd or group level diagnosis. Antibodies in milk were only detected in cows with M. 

bovis mastitis, making antibodies in milk useful only for differential diagnosis of mastitis. We also 

conclude that the BioX ELISA is not a suitable test for diagnosing M. bovis in individual calves aged 

less than four months due to low sensitivity and the test cannot be used to differentiate between 

calves with arthritis and/or otitis media, and respiratory disease. 



Simulating control of paratuberculosis in Danish dairy herds 

Carsten Kirkeby1, Kaare Græsbøll1, Søren S. Nielsen2, Nils Toft1 and Tariq Halasa1 

1Simulation modeling group, DTU Veterinary Institute, Technical University of Denmark. 

2Section for Animal Welfare and Disease Control, Department of Veterinary and Animal Sciences 

(IVH), University of Copenhagen 

 

Paratuberculosis 

Paratuberculosis (PTB) is a chronic disease caused by Mycobacterium avium ssp. paratuberculosis 

(MAP). It causes economic losses and reduced animal welfare in dairy cattle herds worldwide. 

Animals are infected through ingested MAP shed in the feces and milk of infected animals in the 

same herd. Infected animals remain subclinical for a long period before they get clinical, often 

resulting in fata diarrhea. Simulation models of dairy herds can be used to predict the effect of 

control and prevention strategies, and are especially suited for this type of slowly developing 

disease. 

 

Control actions 

The median within-prevalence of PTB in Danish dairy herds is around 6% and 50% of the Danish 

dairy cattle herds are closed (i.e. they do not purchase animals into the herd). We here simulated a 

closed Danish dairy herd with 200 lactating cows and a normal within-herd prevalence of PTB 

using the stochastic mechanistic bio-economic simulation model “iCull”. Additionally, we 

simulated a herd with lower hygiene and thus with a higher within-herd prevalence. In the 

simulations we evaluated the control actions recommended in the Danish control program for 

PTB. These actions were: removing calves from the dam right after birth; avoiding feeding calves 

with colostrum from infected cows; avoiding feeding calves with colostrum from infected cows; 

and a strict test-and-cull strategy. From repeated simulations, the impact of each recommended 

action was estimated from the results. The three first-mentioned recommended actions did not 

have much impact on the prevalence alone, but we found a synergistic effect when combining 

these effects. The test-and-cull strategy was by far the most efficient action, resulting in the 

economically most optimal situations.  

 

Purchase of animals 

We also explored the consequences of purchasing cattle from herds possibly infected with PTB, 

representing the other 50% of the Danish herds that are not closed. Herds that were already 

infected did not have a high risk of increasing their prevalence. Herds without infected animals 

were highly susceptible to PTB and should avoid purchasing animals from infected herds. We also 

estimated the probability of fadeout of PTB once a herd was infected. This depends on the number 

of infected animals. If only one infected animal was purchased into a disease-free herd, we found 

18% probability that the herd would still be infected after ten simulated years.  

  



 

 

Experiences with a new PCR-assay for diagnosis of bacterial infections in 

calves 

Potjamas Pansri1, Kenneth Krogh2, Egle Kudirkiene3, John E. Olsen3 and Jørgen Katholm1 

1DNA Diagnostic A/S, 2LVK veterinary cattle practice, 3Department of Veterinary and Animal 

Sciences University of Copenhagen 

This project is the first part from the GUDP project - Diagnostic tests for veterinary practice 

(VetDiagnostics). 

In this part, we have developed a fast qPCR test also to be used in private veterinary practice, for 

detection of pathogens associate with pneumonia in calf.  

We have designed primers and probes for detection of Mannheimia haemolytica, Pasteurella 

multocida, Histophilus somni, and Mycoplasma bovis. We tested these primers for respectively 15, 

16, 10, and 3 different target isolates and all turned out to be correct positive. Then we tested all 

primers for 135 different non-target isolates. All were negative, among these isolates we also tested 

very related subtypes of Mannheimia and Pasteurella. 

We tested different extraction procedures. It turned out that the extraction procedure developed by 

DNA-Diagnostic for the Mastit 4 kit also was the best for the tracheal fluid samples. We named this 

qPCR test Pneumo 4.  

In a validation trial, we collected 65 tracheal fluid samples from clinical sick and control calves in 

10 farms. From each calf, we collected 15 -30 ml of tracheal fluid. This was transported on the 

same day to DNA Diagnostic in Risskov, where the Pneumo 4 qPCR test was performed on the 

same day. At the same day, 3 ml of sample was shipped to Copenhagen University for culture and 2 

ml to DTU-vet for Mycoplasma bovis and virus detection. The rest of the sample was stored at 

DNA Diagnostic for further development of a qPCR for the virus detection. 

Results 

Of the 65 samples, we found 20 positives for M. haemolytica by Pneumo 4; only 4 of these were 

positive by culture. Similarly, 34 samples were positive for P. muliocida by Pneumo 4; 19 of these 

were positive by culture. The corresponding results for H. somni were 4 positive by Pneumo 4 and 0 

positive in culture for, and for M. bovis 30 positive by Pneumo 4 and 16 positive in the PCR DTU-

vet test. 

The efficiency of Pneumo 4 was evaluated on a quantified genomic DNA ten-fold dilution to 

estimate the copy number of nucleic acids. The sensitivity of Pneumo 4 test was found to be 

accurate in detecting target nucleic acids down to 10 copy number per PCR reaction. 

 The correlation between Ct values of the qPCR test and bacterial colony forming units (CFU) of 

target bacteria has been tested in triplicates on three different isolates for each target. The CFU/0.5 

ml in the diluted samples was calculated from the plates containing between 10 and 300 colonies. 

The correlation curves for all four targets show an acceptable correlation between CFU/0.5 ml and 

Ct value. 

 



Robust calves – well begun is half done. An interdisciplinary research & 

development project (2018-2021) 

Jaap Boes, Manager Animal Health & Welfare, jbo@seges.dk  

Animal Innovation Department, SEGES, Agro Food Park 15, Skejby, 8200 Aarhus N 

Robust and healthy calves are pivotal to ensure optimal productivity for dairy farmers and veal 

producers. The first months in the life of a calf require a lot of attention by farm staff, mortality 

peaks during this period and antibiotic use can be considerable due to diarrhea and respiratory 

infections. Therefore, what happens to a calf during the first weeks of life will have a major impact 

on its performance later in life, whether as a milking cow or a veal calf. Disease, suboptimal feeding 

and poor management during the calf rearing period can influence milk yield and daily gain 

substantially. There is a need for improvement of calf “robustness” so calves reared by dairy as well 

as veal producers reach their optimal performance levels. To this end, proper tools and strategies 

regarding diagnostics, data recording, health classification and health management should be 

developed. 

 

The challenge is to identify and measure “robustness” of animals and to document which type of 

management produces healthy, high performing calves. Current data platforms in Danish cattle 

production collect vast amounts of health and performance data on heifers and cows, whereas 

relatively few data are available on calf rearing results. This underlines the need for data – and ways 

to collect and present them – on both heifer and bull calves. It will enable the farmer to monitor risk 

factors and improve health and performance of calves raised on the farm by making the decisions 

and adjustments based on farm specific data and information – and evaluate the effects of 

interventions and improvements. 

 

Robust calves are less prone to disease and, in principle, require fewer treatments with antibiotics. 

The Danish cattle industry has a goal of using as little antibiotics as possible, however, ideally no 

antibiotics should be used at all. Increasing calf robustness is one way to achieve this goal. In the 

project, we will focus on the effect of preventive measures such as biosecurity and pre-biotics, and 

finally efforts will be made to produce veal calves with minimal or no use of antibiotics. 

 

The overall objective of the project is to enhance production of healthy and robust calves by means 

of knowledge and tools to improve calf health and performance through better management. This 

will be achieved by 

 Systematic collection of knowledge and data from clusters of farms (veal producers and the 

dairy farms that deliver calves to them) 

 Development of diagnostic tools for monitoring of calf health (test of immune status, on-farm 

disease monitoring)  

 Test of alternatives to antibiotic treatment (pre-biotics, NSAID’s, antibiotic-free production) 

 Development and implementation of IT management tools (data management and analysis)     

mailto:jbo@seges.dk


Association between teat skin colonization and intramammary infections 

with Staphylococcus aureus and Streptococcus agalactiae 

Line Svennesen1, Yasser Mahmmod1, Karl Pedersen2, Volker Krömker3 and Ilka C. Klaas1,4 

1Section for Animal Production, Nutrition and Health, Department of Veterinary and Animal 

Sciences, University of Copenhagen 2National Veterinary Institute, Technical University of Denmark 
3University of Applied Sciences and Arts, Hannover, Germany 4DeLaval International AB, Tumba, 

Sweden (present) 

Introduction and Objective 

Staphylococcus aureus and Streptococcus agalactiae are traditionally considered contagious 

mastitis pathogens mainly causing subclinical infections in dairy cattle. The consequences of 

subclinical mastitis are economic losses to the farmer and impaired milk quality. To improve the 

control of contagious mastitis pathogens, knowledge of reservoirs and transmission is crucial. The 

role of the teat skin as a reservoir of Strep. agalactiae is unknown and still discussed for Staph. 

aureus. Furthermore, teat skin colonization is not yet investigated in automatic milking systems 

(AMS) with more milkings per cow and less human contact compared with conventional milking. 

Thus, the objective of this study was to investigate the association of teat skin colonization with 

intramammary infections for Staph. aureus or Strep. agalactiae in herds with AMS.  

 

Materials and Methods 

Lactating cows (n=300) with somatic cell count ≥ 200.000 cells/mL at last milk recording before 

sampling were selected from eight AMS herds with Strep. agalactiae positive bulk tank milk. 

Quarter foremilk samples were collected aseptically according to guidelines of the National Mastitis 

Council. Teat skin samples were collected using the “wet-dry method” where a wet and a dry rayon 

swab is rotated 360° around the teat approximately 1 cm from the teat canal orifice and both swabs 

are immersed into the same tube containing 2 mL ¼ Ringer solution. Samples were kept at 5°C 

until bacteriological culture was performed the following day. All samples were cultured on blood 

agar, Modified Edward’s medium and a selective medium for Staph. aureus. After homogenization, 

0.1 mL of a teat skin sample was inoculated to a whole agar plate and 0.01 mL of milk was streaked 

on a quarter of an agar plate. Plates were incubated aerobically at 37°C for 48 h. Identification was 

based on morphology and all suspected colony-types were verified using MALDI-TOF or latex 

agglutination test. Positive samples were defined as: at least one medium with ≥ 1 colony of Staph. 

aureus or Strep. agalactiae.  

 

Results and Conclusion 

Out of 1142 quarter milk samples from 300 cows with increased somatic cell count the prevalence 

of Staph. aureus and Strep. agalactiae was 8.1 % and 7.4 %, respectively. In teat skin samples the 

prevalence of Staph. aureus and Strep. agalactiae was 6.6 % and 0.35 %, respectively. Strep. 

agalactiae was isolated from teat skin, however, only in four quarters from two cows also having 

Strep. agalactiae in milk. For Staph. aureus, we calculated a 3.2 higher odds of a quarter being milk 

positive and teat skin positive, relative to being teat skin negative and milk positive (P < 0.05). This 

relationship between Staph. aureus on teat skin and in milk was also supported by our preliminary 

multivariate (log-linear) analysis.  

In conclusion, Strep. agalactiae can be isolated from the teat skin of cows with Strep. agalactiae in 

milk, but it appears to be very uncommon even in high-risk herds and cows. For Staph. aureus there 

is considerable evidence of interrelation between teat skin colonization and intramammary 

infection. 
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Udder health management in automatic milking systems (AMS) differs from conventional milking 

systems (CMS). Dairy cows in AMS can be milked up to five times daily without any human contact 

with the udder and preparation for milking is usually by individual teats. The longer milking duration 

may be at higher risk of acquiring new intramammary infections (IMI) with non-aureus 

staphylococci (NAS). Epidemiological characteristics of NAS have been extensively investigated in 

CMS but knowledge about these characteristics is sparse for AMS herds. Understanding the patterns 

of habitat-specific NAS distribution could improve the udder health in AMS herds. The role of NAS 

on the risk to acquire of IMI with Staphylococcus aureus (S. aureus) is poorly understood. The 

quorum-sensing accessory gene regulator (agr) system of S. aureus plays a central role in its 

pathogenesis and virulence. Some staphylococcal species (e.g., S. epidermidis) produce auto-

inducing peptide (AIP)-like molecules, which inhibit S. aureus agr and toxin production. The 

objectives of this study were to 1) investigate the patterns of NAS species distribution in milk and 

teat skin in AMS herds, and 2) examine if the isolated NAS influence the S. aureus virulence factors 

expression. 
 

Among cows with elevated SCC (≥ 200,000 cells/mL) in eight herds with AMS, 30-40 cows were 

randomly selected for teat skin swabbing and aseptic collection of  quarter foremilk samples. Of 

these, samples from right rear and left front quarters of cows with odd laboratory running numbers 

were used for further analysis. Samples from teat skin and milk were subjected for bacterial culture 

and, subsequently, Maldi-Tof for species identification. To investigate the interaction between S. 

aureus and NAS, 81 isolates from milk and teat skin were subjected to qualitative beta-galactosidase 

reporter plate assay using three reporter strains of S. aureus, hla, encoding a-hemolysin, RNAIII, the 

key effector molecule of agr and spa, encoding Protein A.  
 

Out of 284 quarters (142 cows), 80% harbored at least one species of NAS. In total, 15 species from 

teat skin and only 10 species from milk. The most prevalent NAS species identified from milk were 

S. epidermidis, S. haemolyticus, and S. chromogenes confirming their major role in causing IMI in 

AMS herds. Conversely, S. equorum, S. haemolyticus, and S. cohnii were the most common NAS 

species in teat skin. Out of 81 isolates, CNS supernatants reduced expression of hla (72%) and 

RNAIII (68%) but increased expression of spa (61%) indicating that CNS species isolated from 

different habitats in dairy cows interfere with agr quorum system of S. aureus. Crosstalk between 

NAS and S. aureus showed three patterns (a) downregulation effect such as S. chromogenes (milk), 

(b) no effect such as S. sciuri (teat), and (c) variant effect such as S. epidermidis (milk and teat).  
 

Staphylococcus epidermidis and S. chromogenes are milk-associated while S. equorum and S. cohnii 

are teat-associated. NAS species, habitat type, and herd factors affect NAS and S. aureus crosstalk 

patterns. Crosstalk patterns of NAS and S. aureus could explain varying protective effect of NAS on 

S. aureus IMI reported in previous studies. Knowledge of how NAS influence S. aureus virulence 

factors expression may ultimately help in controlling S. aureus IMI.  

 

N.B: this work has been submitted to Veterinary Microbiology  



Prospects for ‘on-farm experimentation’ 

- EVOP as a dairy herd management evaluation tool 
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EVOP – as in EVolutionary OPerations – as in ongoing on-farm experimentation to evaluate effects 

of management changes during running production.  

The EVOP concept explore the potentials of systematic experimentations at farm level as the next 

step in proactive and dynamic herd management and decision making – coming after years of herd 

specific retrospective analysis, monitoring etc. EVOP seeks to provide the answer to the questions 

that the farmers ask themselves every day; what if? The challenge of EVOP is to combine trial 

theory, everyday farm technology and practicality embedded in empowerment of farmers.  

In the EVOP project, researcher sat down with farmers and consultants; asked, listened and 

designed a number of trials to meet the following basic components;  

1) Farmer-driven hypothesis and interventions  

2) Herd-specific goals for the intervention  

3) Study period with a short time frame  

4) Simple, but at the same time statistically sound designs – including data access  

5) Regular estimation of effects and frequent reporting to the farmer.  

In the project EVOP-trials concerning feeding, udder-health and group moves are designed, 

conducted, analyzed by dynamic models, including all available data. EVOP-trials are ideally 

constructed so they are repeated; adjusting the initial intervention or changing intervention, but 

maintaining the herd-specific goal – e.g. evolutionary or ongoing. In some way, the words also link 

to the minds of ‘participants’ – trialing becomes an ongoing mindset – what do we want to know 

next?  Results are reported, and farmers are to decide – stop (with former or new management 

procedure) or go trialing to optimize further. Finally, participants are interviewed and their 

arguments are used to explore the perception of ‘systematic evaluation’ of a wider range of other 

dairy farmers. 

In order to bridge both validity (e.g. randomization is the most valid to determine ‘cause and effect’ 

by scientific measures) and practicality (e.g. which trial design can actually be fitted into the 

everyday life on a farm], a fight between the champion in trial theory Mr. R. Andomize and the 

more ordinary Mr. H. Istorical Control began. The fight is not over! 

Researcher and consultants has a lot to learn about on-farm research; to be consistent in pragmatic 

trial design and conduct, to listen to farmers’ needs, to follow his demands and accepts his decision, 

no matter the strength of the scientific evidence.  

Farmers have a lot to learn about trial theory; to formulate hypotheses, knowledge about validity of 

results and confounding factors and how to stick to a plan long enough. 

BUT most important – we ALL must learn to unite our competencies; farmer, consultants and 

researchers to move the dairy industry forward in one direction – a farm-specific direction. 

Get out there and try tomorrow – look around your ‘dairy world’ – do you need a valid answer of 

cause and effect on herd level – trial it! Randomize till it hurts! 
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