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Mastitis and Antimicrobial Resistance 

Mechanisms of antimicrobial resistance 

 
Prof. Dr. sc. tech. Vincent Perreten 

 

Institute of Veterinary Bacteriology, Vetsuisse Faculty, University of Bern, Bern 

 

In the past few years an increase in the number of multi-resistant bacteria isolated from milk from cows 

with mastitis has been noted. This is largely due to multi-resistant coagulase-negative staphylococci. 

Resistance to antibiotics is acquired either by mutations (point mutations, insertion sequences) or by the 

acquisition of external resistance genes which are encoded on mobile genetic elements. The mobility of 

insertion sequences may be induced by sub-inhibitory concentrations of antibiotics (Nicoloff et al. 2007). 

Insertion sequences may inactivate repressors or regulators, which results in increased expression of genes 

resistant to antibiotics. Point mutations may alter the molecular structures in such a way that antibiotics fail 

to bind, hence losing their efficacy. The most common point mutations resulting in resistance are observed 

in genes of topoisomerase and RNA polymerase and cause resistance to fluoroquinolone and rifampicin. 

Therefore, monotherapy with rifampicine is not advised as it leads to a rapid development of resistance 

(Müntener et al., 2012) 

Acquired resistance genes encode various resistance mechanisms, such as e.g. efflux proteins, enzymes 

which either inactivate antibiotics or modify their target structure, alternative proteins which no longer 

interact with antibiotics or permit alternative paths of metabolism. Bacteria are able to exchange such 

resistances. 

Mulitresistant staphylococchi are also known as methicillin resistant staphylococci. These specifically 

include methicillin resistant Staphylococcus aureus (MRSA) and the methicillin resistant coagulase negative 

staphylococci S. epidermidis (MRSE), S. haemolyticus (MRSH), and S. fleurettii (MSRF) (Frey et al. 2013: 

Overesch et al. 2013). Methicillin resistant staphylococci contain the gene mecA which is responsible for 

resistance to all of the β-lactam antibiotics, including cephalosporine. The mecA gene is situated within a 

mobile Staphylococcus cassette chromosome (SCCmec) element. It is of note that the mecA-containing 

region in S. fleurettii is not associated with an SCCmec element, but is encoded chromosomally, making all 

of the S. fleurettii resistant to β-lactam antibiotics. Apart from mecA, methicillin resistant staphylococci 

carry other genes resistant to antibiotics, such als the β- lactamase gene blaZ (resistance to penicillin), 

genes for ribosomal protection or efflux of tetracycline [tet(M), tet(K)], RNA methylase genes for macrolids, 

lincosamides and streptogramin B resistance [erm(B); erm(C)], chloramphenicol acetyltransferase genes 

(cat), trimethoprim dehydrofolate reductase genes [dfr(A); dfr(D); dfr(G); dfr(K)], aminoglycoside 

acetyltransferase and phosphostransferase gene [aac(6’)-le-aph(2’)-la; aph(3’)-lll] for resistance to 

gentamycin, kanamycin and neomycin as well as streptomycin nucleotidyltransferase gene ant(6)-la and str 

(Frey et al. 2013). 

The mecA gene encodes an alternative penicillin-binding protein (PBP2a) (transpeptidase) which shows a 

minor affinity to β-lactam antibiotics. In vivo, the expression of PBP2a cancels the efficacy of all β3lactam 

antibiotics, including cephalosporine. The detection of resistance to methicillin is a special challenge for 

diagnostics. In vitro, only cefoxitine or oxacillin are recommended for the detection of methicillin 

resistance of staphylococci, as they have a smaller affinity to PBP2a. Other β-lactam antibiotics are not 

suitable for in vitro tests, as they result in a false sensitivity of methicillin resistant strains. Induceable 

clindamycin resistance is another challenge for diagnostics. Macrolid resistant staphylococci strains may 

well also show an induceable clindamycin resistance. Such resistances are caused by methylase genes 

(erm) which methylate the 23S ribosomal RNA. Strains which carry erm genes are additionally resistant to 

macrolids, lincosamides, and streptogramin B antibiotics (MLSB). A D-test is used to demonstrate 

induceability of clindamycin resistance. 
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The most frequent cause of tretracycline resistance in methicillin-resistant coagulase negative 

staphylococci from mastitis cases is the efflux protein (Tet(K) (Frey et al. 2013). This membrane protein is 

able to pump tetracycline from the cells but not minocycline. β-lactamase, cloramphenicol 

acetyltransferase, aminoglycoside acetyltransferase and phospostransferase are the most common 

enzymes inactivating antibiotics. 

These days, infections by enterobacteriaceae producing extended-spectrum β-lactamase (ESBL) must be 

taken into account. ESBL producing bacteria are resistant to penicillins, cephalosporines and 

monobactame but not to β- lactam-antibiotics combined with a β-lactamase blocking agent. Bacteria 

harbouring the plasmid pAmpC encoding AmpC resistance enzyme are resistant to almost all β-lactams 

including β-lactam antibiotics/β-lactamase blocking agents, with the exception of 4
th

 generation 

cephalosporines. They are even more cause for concern. ESBL and AmpC producing E. coli are mostly also 

resistant to fluoroquinolone (point mutations in the topoisomerase genes, efflux), aminoglycosides 

(aminoglycoside-modifying enzymes), trimethoprim sulfonamides (dihydrofolate reductase and 

dihydropteroate synthase), and tetracycline (efflux) (Endimiane et al. 2012; Geser et al. 2012). 

Nowadays, Streptococcus uberis is the most frequent pathogen causing mastitis in dairy cows. S. uberis is 

generally susceptible to antibiotics; however, decreased susceptibility to penicillin has recently been 

observed due to the presence of mutations in the penicillin-binding proteins (Overesch et al. 2013; Haenni 

et al. 2010). 

In order to carry out a precise and successful therapy, the correct identification methods and the 

determination of profiles of antibiotics resistance is of great importance. It is indispensable to use 

adequate doses of antibiotics and use them with precision in veterinary medicine in order to prevent a 

rapid selection of bacteria resistant to antibiotics and their proliferation in animals and humans. 
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Antimicrobial resistance in cattle – Results from the monitoring of commensal E. 

coli in Germany 
 

B.-A. Tenhagen, K. Alt, A. Schroeter, B. Guerra, B. Appel, A. Käsbohrer 

 

Federal Institute for Risk Assessment (BfR), Department Biological Safety, Berlin, Germany 

 

Introduction 

Antimicrobial resistance (AMR) is a constant threat to treatment efficacy of bacterial infections in animals 

and humans. For the veterinary practitioner, AMR has three aspects: reduced treatment efficacy in the 

animals under his or her supervision, occupational exposure to resistant zoonotic pathogens and 

commensal bacteria from animal origin and responsibility for the safety of foods (milk, meat) from animals 

he/she supervised during their lifetime (17).  

Cattle are kept for various purposes. In central Europe cattle are kept for milk and meat production 

whereas the. Use as draught animals is mainly restricted to developing countries. The various uses of cattle 

are associated with numerous husbandry systems that are in turn associated with specific health risks for 

the animals and therefore with a variable exposure to antimicrobials to treat bacterial infections.  

 

Antimicrobial use in cattle 

Antimicrobial use can be considered a major driver of AMR also in cattle. Limited data are available on the 

antimicrobial use in different cattle populations. A recent survey in Northern Germany identified major 

fields of antimicrobial use in dairy farms. In adult dairy cattle, mastitis, genital tract infections and 

locomotory disorders were the main reasons for the use of antimicrobials (10). This is in line with reports 

from other countries (15; 16; 18).  In calves respiratory disease and diarrhoea were the predominant 

reasons for treatment.  

A study to establish methods to monitor antimicrobial use in farm animals in Germany (VetCAb) identified 

that calves receive antimicrobials more frequently than dairy cattle and both receive more than beef cattle 

(12). However the term “calves” may include very diverse categories of animals starting from replacement 

stock for dairy herds on the one hand to veal calves under very intensive husbandry conditions on the 

other. A recent study in Lower Saxony in the North of Germany reported substantial differences between 

veal calves on the one hand and young beef cattle (“Fresserproduktion”) on the other hand (11). The data 

indicated that antimicrobial use in veal calves is three times higher than in young beef animals.  

 

Issues concerning the route of administration 

In calves antimicrobials are mainly used via the oral route (12; 14). In adult cattle, especially in dairy cattle, 

other routes of administration are far more important as oral medication is not effective in adult 

ruminants. In dairy cattle, the most frequent route of administration was intramammary administration 

(53.4 %). The other 46.6 % of the antimicrobial treatments were systemic parenteral treatments. Oral 

treatments were not reported (12). This may have consequences for the selection of resistant bacteria. 

Especially in intramammary treatment only bacteria present in the mammary gland will be exposed to 

substantial concentrations of antimicrobials as resorption of antimicrobials from the gland is very limited. 

In contrast, using oral medication the entire flora of the gastrointestinal tract will be exposed, among 

which the causative agent of the disease that was meant to be treated is only one species. Therefore the 

potential selective effect of antimicrobials on the microbiome as a whole will probably be higher using oral 

medication. In parenteral systemic treatment (i.m., s.c., i.v.), another frequent route of treatment in cattle, 

there will be substantial exposure of the commensal skin and gut flora. However, the gastrointestinal tract 

will only be exposed secondarily when antimicrobials are excreted via bile and faeces.  

Intrauterine treatment, that is also quite common in dairy cattle, has been criticized because dosing of the 

antimicrobial is difficult due to the very heterogeneous amounts of fluid in the uterine cavity and the 

unknown proportion of antimicrobial substance that will enter the uterine wall i.e. the body of the animal. 



6 
 

On the other hand it has been shown that systemic treatment of post partum dairy cows with 

antimicrobials causes highly variable concentrations of the antimicrobial in the uterus (1; 2; 5) which in turn 

may have effects on the selection of resistant bacteria in that specific environment.   

So far, no data are available concerning the variability of the effect of the different administration routes 

on the development of AMR.  

 

Why monitor commensal bacteria? 

Commensal bacteria are recognized as a reservoir of resistance determinants and mirror of antimicrobial 

usage in livestock production. The European Food Safety Authority (EFSA) recommends monitoring of 

antimicrobial resistance (AMR) in commensal Escherichia coli (6). In Germany, monitoring of AMR in 

commensal E. coli has been established within the national monitoring of zoonotic agents in the food 

chain since 2009 and various cattle populations and food derived from cattle have been tested since. 

 

 

Material and Methods 

Within the framework of the national resistance monitoring in zoonotic pathogens and commensal E. coli 

in the food chain, commensal E. coli from different cattle production systems were collected at farm and at 

slaughter between 2009 and 2011 and tested for their resistance to 13 antimicrobials using broth 

microdilution according to CLSI guidelines. Minimum inhibitory concentrations (MIC) were evaluated using 

epidemiological cut off values (www.eucast.org)(7; 8). 

Altogether, 1730 E. coli isolated from cattle production systems were tested at BfR. The sample consisted 

of 188 E. coli isolates from bulk tank milk, 909 from fattening steers, and 633 from veal calves. Data are 

only reported as descriptive statistics. 

 

For comparison, published data on 326 E. coli isolates from gastrointestinal disease in calves from the 

National monitoring of AMR in animal pathogens in Germany were included in the analysis (3; 4). This 

comparison was restricted to those antimicrobials that were included in both monitoring programs.  

 

For counting the number of antimicrobial classes (figure 1) the commensal isolates were resistant to, 

antimicrobial classes were defined as follows: Gentamicin, streptomycin and kanamycin were combined to 

one class (aminocglycosides). Likewise, ciprofloxacin and nalidixic acid were combined (quinolones). 

Chloramphenicol and florfenicol were counted as “phenicols”. Cefotaxime and ceftazidime were presented 

as 3
rd

 generation cephalosporins and finally trimethoprim and sulfamethoxazole were grouped as 

inhibitors of the folic acid synthesis. Isolates were considered resistant to a class, if they were resistant to 

one of the substances of that class (8). 

 

Results 

The proportion of E. coli isolates resistant to one or more than one antimicrobial class differed 

substantially between the production systems. Isolates from veal calves at farm in 2010 displayed the 

highest proportion of resistant isolates (91.9 % to ≥1 class, 89.3 % to >1 class) and those from bulk tank 

milk (2009/2010) the lowest (16.1 and 5.5 %, respectively), with beef cattle at farm (2011) in between (24.0 

and 17.5 %, respectively). Concerning the different substances it is obvious that higher resistance rates in 

isolates from veal calves are caused by differences in many substances and are not caused by resistance to 

a few specific antimicrobials (Figure 2). 
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Figure 1: Isolates of commensal E. coli from different cattle populations in Germany that were resistant to one 

or more antimicrobial classes (2009-2011). 

 

Resistance to ampicillin, sulfamethoxazole, trimethoprim, tetracycline and streptomycin was most frequent 

in isolates of all sources albeit at different proportions. Resistance to critically important antimicrobials 

(CIA) such as the 3
rd

 generation cephalosporins cefotaxime and ceftazidime, and the fluoroquinolone 

ciprofloxacin was present at low proportions (0 to 6.3 %) in isolates of most sources. However, it was 

substantially higher in veal calves, especially on farm (10.3 % for cefotaxime and 41.9 % for ciprofloxacin in 

2010).  
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Figure 2: Antimicrobial resistance of E. coli from beef cattle and veal calves at farm. 

 

What about pathogens and commensal bacteria? 

Figure 3 shows data on AMR rates in isolates from veal calves at farm (2010) and at slaughter (2009). 

Moreover, data on E. coli isolated from calves with enteritis in 2008 and 2009 are depicted (3; 4). Most 

resistance rates are higher in the E. coli strains isolated from diseased calves. This is especially true when 

comparing diseased calves to calves at slaughter. The difference is less pronounced when comparing 

diseased calves to veal calves at farm (3; 4). Resistance rates in isolates from diseased calves were similar in 

2008 and 2009. However, in isolates from calves with enteritis in 2009 the resistance rate towards 

cefotaxime was strikingly higher than in the year before. It was also much higher than in isolates from veal 

calves tested in the monitoring program. 
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Figure 3: Resistance of E. coli from different calf populations (National Zoonosis Monitoring) and clinical 

isolates from cases of gastrointestinal disease in calves  (3; 4) 

 

Discussion 

The results of our investigations show substantial differences in the AMR of E. coli from different cattle 

populations. The differences may partially be attributed to differences in antimicrobial use between the 

populations. However, the data also show that it is not only the type of production but also the age of 

animals at sampling. Differences between samples collected on farm and at the slaughterhouse (veal 

calves 2009 and 2010) may indicate an age-related reduction of resistance rates. This may in turn be 

correlated with a difference in the exposure to antimicrobials in different age groups. Antimicrobial use is 

usually most intensive in young animals while prior to slaughter antimicrobial use is less common, partly to 

prevent antimicrobial residues in carcasses and meat (14). In line with that, AMR rates were substantially 

lower in isolates collected at slaughter than at farm (figures 1 and 3).  

 

Overall, isolates from bulk tank milk of dairy herds displayed low resistance rates. This is in line with other 

reports on commensal E. coli for dairy cattle (9). One of the main reasons for antimicrobial treatment in 

dairy cattle is mastitis (13). Dry cow treatment is a routine treatment performed in most dairy herds (10). 

However, this frequent treatment does not seem to have a major effect with respect to AMR in commensal 

E. coli from bulk tank milk.  

 

Comparatively low AMR rates in beef cattle compared to veal calves seem to be a surprising finding, 

however, from studies on antimicrobial use in young cattle there is evidence that antimicrobial use in veal 

calves is substantially higher than young beef cattle (11). Moreover, beef cattle included in the study were 

on average older than veal calves, i.e. it can be assumed that they were exposed to antimicrobials less 

frequently during the previous time period (12). High resistance rates in veal calves are in line with reports 

from the Netherlands (9). 

 

Comparison of clinical isolates to commensal E. coli needs to consider several aspects. Interestingly, the 

difference between isolates collected randomly at farm and clinical isolates collected from diseased 
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animals differ less than isolates on farm and isolates at the abattoir for veal calves. However, care must be 

taken when comparing the data from the two origins as the clinical isolates tested do not only include veal 

calves but all kinds of young calves. Moreover, gastrointestinal disease associated with E. coli typically is a 

disease of calves less than one month old (14) while veal calves at farm may include any age group 

between 2 weeks and 8 months. Therefore a clear distinction between age-related, exposure-related and 

disease-related effects is not possible with this kind of data. Targeted studies to analyse these issues are 

urgently needed. 

 

Comparison of clinical isolates from 2008 and 2009 underlines the potential differences between separate 

years. While for many antimicrobials AMR rates were similar in the two years, AMR to cefotaxime was 

much higher in 2009 than in 2008 indicating a massive shift in AMR between the two years that warrants 

close monitoring in future.  

The results of this investigation clearly show that “antimicrobial resistance in cattle” is a complex issue and 

great care has to be taken when comparing resistance data from different studies as the observed 

differences may have a wide range of reasons. 

 

Conclusion 

While AMR seems to be a minor problem in beef cattle and dairy cows, high resistance rates can be 

observed in isolates from calves with enteritis and veal calves. Results underline that monitoring AMR in 

cattle needs to consider the differences between different cattle populations and the moment of sampling 

in the animals as there may be differences in the same populations depending on the time of sampling (at 

farm vs. at slaughter) or the year of sampling (as with cefotaxime in enteric calves).  
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Antimicrobial resistance an increasing threat - looking to the north for solutions 

 
Madelaine Norström 
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Sentrum, N-0106 Oslo, Norway 

 

Abstract  

This paper discusses different aspects that can be related to relatively low consumption of antimicrobial 

agents within the veterinary medicine as well as low occurrence of antimicrobial resistance within the 

Nordic countries. It further emphasizes on cattle and the Norwegian situation and refers to the other 

Nordic countries when appropriate. 

Natural conditions like geography, population size and population structure, the animal health situation 

and traditional circumstances that contribute to the good situation are mentioned. But also the active role 

of the industry, the government, the veterinarian and farmers themselves to improve the situation during 

the last decades have reduced the usage of antimicrobial resistance and contributed to the favorable 

situation in these countries regarding antimicrobial resistance. In conclusion, the tools that have been 

implemented in the Nordic countries can to a large extent be implemented in other countries as well. One 

of the main criteria for a success is to have a good and transparent cooperation and alliance between the 

different stakeholders; farmers, industry, food suppliers, veterinarians and animal health services. 

 

Introduction 

It has been estimated that in the European Union (EU), 25 000 people die each year as a result of infections 

by multidrug-resistant bacteria. The estimated costs to health care systems are €1.5 billion per year (EMEA, 

2009). The urgent need for common efforts to at least stabilize the situation, and possibly to reduce the 

problem has been recognized by the international community; represented by international bodies like 

World Health Organization (WHO), World Organization for Animal Health (OIE), Food and Agriculture 

Organization of the United Nations (FAO), the European Union (EU) commission, European Food Safety 

Administration (EFSA), and European Medicine Agency (EMA), (WHO, 2011). Antimicrobial agents are 

substances of natural, semisynthetic or synthetic origin, whereas antibiotics are substances of natural 

origin. Antimicrobial and antibiotic are often used interchangeably. Antibiotic or antimicrobial resistance is 

the ability of a microorganism not to be affected by a substance that could kill or inhibit other 

microorganisms. This ability could be natural (intrinsic resistance) or acquired; either by a mutation 

(chromosomal resistance) or by transfer of resistance genes (horizontal resistance gene transfer). 

Antimicrobial resistance is a natural property of bacterial populations even in those environments that 

have not been impacted by human use. During the evolution this ability has been beneficial for the survival 

of the microorganisms themselves according to the principle of Darwin “Survival of the fittest.” This natural 

phenomenon is more than 30 000 years old as newly shown by D 'Costa, King et al. (2011). Their study also 

concluded that “antimicrobial resistance is a natural phenomenon that predates the modern selective 

pressure of clinical antibiotic use”. Since the start of using antimicrobial substances for the treatment of 

infections in the 1940s, the increase of antimicrobial resistance soon was recognized as a problem. 

However, new antimicrobial agents and also more broad-spectrum antibiotics were developed, for which 

new resistances were developed. Today, we are facing emerging bacterial infections associated with 

antimicrobial resistances for which there are almost no efficient antimicrobial agents left for treatment. 

Tomorrow we might be back to the pre-antibiotic era. The development of new antimicrobial agents is 

costly (Piddock, 2012) and it takes a long time, often more than 25 years from discovery to a licensed 

product. The pharmaceutical industry has probably been identifying development of new antimicrobial 

agents as high risk areas and other drugs as for example for treating heart diseases and high blood 

pressure as more profitable. This is probably based on previous experience, that antimicrobial resistance 

would occur quite soon after a new drug has been marketed. To my knowledge, there are no new 
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antimicrobial agents that will be commercialized in any near future. Mostly, the so called new antimicrobial 

agents, the last ten years have been substances with only minor changes of already existing formulas. It is 

therefore implicit that bacteria develop resistance quit rapidly to such substances, as they already have 

been exposed to similar formulas before. We therefore need to search for other solutions to maintain and 

improve the situation regarding the possibilities to be able to prevent and treat infections without the 

need for any new substances. The Nordic countries are often referred to as quite successful in maintaining 

a relative low level of resistance in an international perspective (Kahlmeter and Eco.Sens, 2003; Rajkovic et 

al., 2009). This paper describes and discusses the different aspects that can be related to relatively low 

consumption of antimicrobial agents within the veterinary medicine as well as the low occurrences of 

resistances within the Nordic countries. It further emphasizes on cattle and the Norwegian situation and 

refers to the other Nordic countries when appropriate. 

 

The role of production animals in relation to other areas  

The use of antimicrobial agents in animal agriculture has many important benefits, and it is probably due 

to the introduction of these agents that animal production has been able to grow and intensify. Although, 

the usage of antimicrobial agents in the animal husbandry has been blamed for a substantial part of the 

increasing resistance problems, usage in human medicine as well as any other usage of antimicrobial 

agents is a part of the problem. The reality is that we are all in the same boat and a holistic approach is 

needed. Resistance can be transferred between different kinds of bacteria, between species of the same 

kind and also across species and across geographic borders. “Antimicrobial resistances don’t respect 

borders of any kind”. The figure 1, from Park et al. (2012) illustrates the many components related to the 

ecology and epidemiology of antimicrobial resistance.  

 

 

 

 

 
 

Figure1. The epidemiology of antimicrobial resistance; Source: (Park et al., 2012) 

 

  



14 
 

What is being done on international level? 

All usage of antimicrobial agents increases the selective pressure and could thereby increase the 

development of resistance. The monitoring of both the usage rates and the resistance rates within each 

country and across countries is essential to get an overview of the situation and to be able to set up goals 

and interventions for a decrease of these rates (to enable) to improve the situation. A close collaboration 

between the veterinary and medical sector has also been highlighted; the so called “One health initiative” 

(Centers for Disease and Prevention, 2012). At European level harmonized data on usage of veterinary 

antimicrobial agents from 19 EU/EEA countries for 2010 have recently been published (Lohne et al., 2012). 

The report shows huge variations in the prescribing patterns between the countries (Lohne et al., 2012). An 

earlier study showed similar differences according to the biomass of produced meat, within only ten 

European countries included as presented in Figure 2. 

 

 

 
 

Figure 2. The amounts of veterinary antimicrobial agents sold in 2007 per kg biomass of pig meat, poultry 

meat and cattle meat produced, plus estimated live weight of dairy cattle. Source: (Ihsan et al., 2011), with 

permission from Oxford University Press. 

 

 

There are several surveillance programs worldwide for the monitoring antimicrobial resistance in bacteria 

from humans. At the European level, EARS–net is monitoring the antimicrobial resistance in bacteria of 

human origin and the EFSA has since 2004 monitored antimicrobial resistance originating from bacteria 

from food-producing animals and food thereof under the framework of Directive “2003/99/EC”. The 

reporting of antimicrobial resistance in Samonella and Campylobacter are mandatory, whereas the 

reporting of the antimicrobial resistance in indicator bacteria as E. coli and Enterococci is made on a 

voluntary basis. It is expected that the monitoring of E. coli will be mandatory in the near future (K. B. 

Nielsen, pers. comm. May, 23, 2013). Salmonella and Campylobacter are zoonotic bacteria which are 

causing most of the foodborne outbreaks in Europe. E. coli and enterococci are common in the gut of 

humans and animals without normally causing any disease. However these bacteria can transfer resistance 

to pathogenic bacteria and therefore they are often used as indicator bacteria in order to estimate the 

prevalence of resistance.  
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Reasons for looking to the North for solutions 

The situation regarding antimicrobial resistance within the Nordic countries are so far favorable (as 

compared) both in a European and a wider international perspective. I will in the following describe the 

situation in the Nordic countries with emphasis of Norway and discuss some explanations for why Norway 

and the other Nordic countries still have a quite favorable situation regarding antimicrobial resistances, in 

spite of the open European market and globalization that could be a threat. 

 

Natural conditions of the Nordic countries 

The Nordic countries, Norway, Sweden, Finland, Denmark and Iceland have some “natural conditions” that 

could be considered as beneficial for keeping the antimicrobial resistances at a low level. There are 

however, some differences between the countries so these “conditions” do not apply in general, but 

nevertheless it is to be taken in to consideration as a part of the explanation of why this part of the world 

still have a relatively low occurrence of antimicrobial resistance. These conditions or factors are; the size 

and structure of both animal and human populations, the geography and the climatic zone in which these 

countries are situated. All these factors have impact on the occurrence and transmission of infectious 

diseases and thereby also of the occurrence and transmission of antimicrobial resistances. For instance a 

small population and low population density contributes to a lower infection pressure which lowers the 

need of usage of antimicrobial agents and thereby the selection pressure. The animal health situation in 

the Nordic countries is quite good, and for instance Norway, Finland and Sweden had additional 

Salmonella guarantees for import and trade of meat and eggs since 1995 due to their good Salmonella 

situation, and the National Surveillance programs of Salmonella are comprehensive within these countries. 

Also Denmark recently, in 2011, got additional Salmonella guarantees of imports and trade of eggs for 

consumption 

http://europalov.no/rettsakt/utvidelse-av-garantibestemmelser-om-salmonella-for-egg-til-danmark/id-49

78).For dairy, the most treated infections in the Nordic countries are mastitis, followed by respiratory and 

diarrheal diseases in calves. Among the pathogens causing mastitis in cattle, Staphylococcus aureus is one 

of the most dominant species and it has been shown that there is a small number of closely related 

genotypes sensitive for penicillin that is responsible for the main proportion of mastitis in Norway (Mork et 

al., 2005). There is so far a limited range of available antimicrobial agents in Norway, probably because of 

the small market. There is no need for these drugs within the production animal sector. In spite of the 

globalization, the Nordic Countries still keep a strict control of trade and import from other countries both 

within the EU and from third countries. The industries themselves have developed their own control 

routines for import and trade of live animals, semen and embryos. In Norway, there has been no “imports” 

of live cattle since 1996, which further improves the possibilities to keep out infectious diseases and 

thereby a possible increase of bacterial infections or resistant bacteria. 

 

Surveillance of antimicrobial usage rates and antimicrobial resistance 

Antimicrobial usage rates and the occurrence of antimicrobial resistance within a range of microorganisms 

have been yearly monitored in Norway since 2000, when the Norwegian monitoring program for 

antimicrobial resistance in the human medicine (NORM) and for the veterinary sector (i.e feed, food and 

animals) (NORM-VET) started. Sweden (SWEDRES and SWARM), Denmark (DANMAP) and Finland 

(FIN-RES) started up their equivalent programs more or less simultaneously. Except from Finland, which 

publishes every second year, yearly reports for each of the programs are published.  

 

Veterinarians have no economic benefit of selling medicine of any kind  

The limitation of prescribing and administration and the non- profit policy of prescribing drugs for the 

veterinarians in the Nordic countries are key factors in the concept of prudent use of antimicrobial agents 

in the veterinary sector. This is also a part of the explanation why the occurrence of resistance in these 

countries is relatively low. However, as an exception Denmark had a slightly different policy before 1995, 

when it was possible for veterinarian to re-sell drugs for initial short term treatment with a profit. However 

http://europalov.no/rettsakt/utvidelse-av-garantibestemmelser-om-salmonella-for-egg-til-danmark/id-4978
http://europalov.no/rettsakt/utvidelse-av-garantibestemmelser-om-salmonella-for-egg-til-danmark/id-4978
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a change in the Danish legislation in 1995 removed the economic incentives (Grave and Wegener, 2006). A 

reduction of more than 40% of the usage of antimicrobial agents to animals was obtained in 1996 

compared to 1994 (Anonymous, 2003).  

 

Guidelines for antimicrobial usage for the production animals 

So far the Nordic countries have issued a common Nordic guideline for treatment of mastitis (Anonymous, 

2010a). Apart from that, each of the Nordic countries has their own guidelines for antimicrobial usage for 

the production animals. Denmark has additionally implemented the so called Yellow Card initiative, which 

is targeted on swine producers with the highest consumption of antimicrobial agents. In short, the swine 

producers with an average usage higher than a given threshold level will get a yellow card and needs to 

decrease its usage within the following nine months period. If not, there will be an increased supervision 

and if still this does not decrease the usage, the red card will be given. All increased costs due to increased 

supervision etc. are paid by the owner himself. This practice has been shown to be very effective in 

reducing the antimicrobial usage in Denmark (Anonymous, 2011a). The further impact on the animal 

welfare and animal health of the Yellow Card initiative has been evaluated by (Alban et al., 2013). 

 

Specific Norwegian “conditions” 

In the following the more specific Norwegian conditions are described.  

 

Proactive agricultural industry/Animal Health Services 

In 1996, the agricultural industry together with the different Animal Health Services established a 

coordination group to establish measures with the goal to get “Healthier animals with less use of 

antibiotics”. The measurable goal was to reduce the production animal diseases and simultaneously reduce 

the usage of antibiotics with 25%. After the first five years the usage to the cattle industry was reduced 

with 47% and today the reduction is more than 50%. This has been possible to achieve by an extended 

collaboration between the farmers, veterinarians and animal organizations. The breeding work has been 

focusing on animal health. Plans have been developed to ensure a reduction of antibiotics as well as 

propagating the use of narrow spectrum antimicrobial agents as the first choice for treatment of bacterial 

infections. This great reduction indicates that there most likely has been an overuse of antimicrobial 

agents, previously. The Cattle Health Service that focuses on prevention more than cure is probably one of 

the main reasons for the reduction obtained. Some key elements, that the cattle health industry are 

focusing on are hygienic measures, reduction of the number of calves mixing, known health status of the 

purchased cattle. These measures applies well with what has been suggested in the newly published Guide 

to Prudent Use of Antimicrobial Agents in Dairy Production, (Anonymous, 2013).  

 

Action plans launched by the government 

An action plan to combat antimicrobial resistance was launched by the Norwegian government in 2000 

(Anonymous, 2002).This resulted in a special effort in the human and veterinary medicine to try to work 

together and to establish the monitoring programs as well as other measurements at different levels 

within both the human and veterinary medicine. The action plan was evaluated by in 2002 (Anonymous, 

2002) and have been followed by new plans.  

 

Current situation regarding antimicrobial resistance in Norwegian cattle 

The NORM/NORM-VET report is published yearly. Both animal pathogens, and so called indicator bacteria 

as Escherichia coli and Enterococci as well as the zoonotic bacteria; Salmonella and Campylobacter are 

monitored. After more than ten years of monitoring, the results are indicating that the prevalence of 

antimicrobial resistance in the bacteria from cattle still is quite low, whereas the resistances in the poultry 

and swine production sectors are more of concern. Staphylococci aureus from clinical mastitis has been 

monitored in cattle in 2001, 2003 and 2010 (Anonymous, 2001,Anonymous, 2003 #662,Anonymous, 2010 

#660). In 2010, only 2.1 % (95%CI: 0.5-5.2%) of the isolates were resistant to penicillin G and 1% (95%CI: 
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0.1-3.7%) to fusidic acid. In total, 97.4% were susceptible to all the 12 antibiotics tested for (Anonymous, 

2010b). 

Among the indicator bacteria E. coli sampled from cattle in 2010; 1.9% were resistant to tetracycline, 3.3% 

to sulfamethoxazole, 0.5% to cefotaxime and 9.1% to streptomycin. In total 90.9% were susceptible to all 

the antibiotics tested for (Anonymous, 2010b). Concerning the more critical and emergent antimicrobial 

resistances, there have so far been no resistance to quinolones or extended spectrum betalactamase 

producing bacterias (ESBLs) or any methicillin resistant Staphylococcus aureus (MRSA), detected in any 

bacteria isolated from cattle in Norway. 

 

 

Usage of antimicrobial agents in the veterinary sector in Norway 

The usage of antimicrobial veterinary medicinal products (VMPs) for therapeutic use in terrestrial animals 

in Norway is low (Figure 2) and from 1993 to 2011, the sales measured as kg active substance has 

decreased by 39%. The reduction of usage in production animals is even larger (42%). However, during the 

same period there has been an increase in the sales of VMPs by 36% for use in companion animals. 

(Anonymous, 2011b). The proportion of penicillin usage in terrestrial animals increased from 29% to 51% 

of the total sales during the same period (Anonymous, 2011b), which is regarded as a positive 

development. The sales of antimicrobial VMPs to be used in the Norwegian aquaculture have decreased by 

approximately 99% from 1987 when the use peaked to 1996 and has thereafter remained relatively 

constant (Anonymous, 2011b). Mainly, introduction of effective vaccines in salmonids have made the 

usage of antimicrobial agents unnecessary, as illustrated in Figure 3, where the amount slaughtered famed 

fish (all species) have increased to more than 1Mill tons, whereas the usage of VMP have decreased to 

about 0.5 tons in 2011. 

 

 
Figure 3. The amount (in tons) slaughtered farm fish in relation to the usage of antimicrobial agents within 

the aquaculture (in tons) from 1981 to 2011 Source (Anonymous, 2011b). 

 

 

The usage rates between the human and veterinary sector in Norway have been compared from 2005 to 

2011and shows clearly that the usage in the veterinary sector is only a small proportion (11.9%) of the total 
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usage (Anonymous, 2011b). Further the increase in usage with 15% during the same period was solely 

attributed by an increased use in humans. 

 

Therapy recommendations 

In order to maintain the good situation in Norway, the Ministry of Health and Care Services requested the 

Norwegian Medicines Agency to update the therapy recommendations from 1998 for antimicrobial agents 

for production animals. The Agency, therefore arranged a workshop in May 2011 that resulted in updated 

recommendations available at the homepage of the Norwegian Medicine Agency 

http://www.legemiddelverket.no/Veterinaermedisin/terapianbefalinger/Sider/default.aspx (in Norwegian).  

 

 

The overall principles of prudent use highlighted in this recommendation are; 

 All usage of antimicrobial agents should be based on thorough diagnostics performed by a 

veterinarian. The treatment should have a clear indication and be performed in the right way. 

 Material for bacteriological examination and susceptibility testing should be performed regularly 

and form the base for the choice of drug, the dose and the duration of treatment. 

 Narrow spectrum antimicrobial agents should be first choice. Antimicrobial agents defined as 

critical important for the human medicine by the WHO, 3rd and 4th gen. cephalosporin’s, 

quinolones and macrolides should be the last choice and only be used when susceptibility testing 

shows that there are no other drugs possible to use. 

 Long-term antimicrobial agents should be restrictive used because of lack of documentation in 

regard of development and spread of resistance in non-pathogen bacteria. 

 

Another work shop has been held in 2012, for companion animals and the updated recommendations will 

be available within short time 

 

Conclusions 

In conclusion, there are several efforts that have been shown to be effective to enable a reduction of the 

antimicrobial usage in Norway, in both production animals and aquaculture. Some of these actions might 

be possible to implement in other countries as well. One of the main criteria for a success is to have a 

good and transparent cooperation and alliance between the different stakeholders; farmers, industry, food 

suppliers, veterinarians and animal health services. All partners need to have a good understanding of the 

importance of the reduction of antimicrobial usage and what is meant by a prudent use. Meetings, 

workshops, and written information targeted to different groups are all possible ways to increase the 

knowledge and awareness among stakeholders. In order to measure consumption and improvements it is 

necessary to register and perform studies of the usage rates and the occurrence of antimicrobial resistance 

at country-level for each animal category at a starting point, and continuously to be able to monitor the 

situation over time. It is further important to set up measurable goals and seek for solutions of how to 

increase the animal health without using antibiotics. Veterinarian have to learn how to make money on 

preventive work and this work has to be acknowledged as something the farmers demands and are willing 

to pay for, instead of calling the veterinarian to get a drug to solve a problem. The motto “An easy solution 

today, no cure tomorrow” needs to be understood by all stakeholders to improve the situation regarding 

antimicrobial resistance.  
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Abstract  

In the Netherlands antibiotic use in animal husbandry has changed enormously over the last years. As a 

consequence of restricted antibiotic use in human medicine, a relatively high use in animal husbandry and 

increasing antibiotic resistance problems, the subject came high on the political agenda. This led to 

ambitious goals towards decreasing and improving antibiotic use in animals. The dairy sector also took 

their responsibility related to the issue. The basis of the approach lies in transparency of antibiotic usage. A 

monitoring system was developed based on animal daily doses, ADD, correcting for differences in animal 

weights and dosages. Antibiotics to be used in animals are dived in first, second and third preference 

antibiotics, based on their capability to induce antibiotic resistance and their importance to human health 

care. As most important parameter, antibiotic resistance is monitored on a regular basis. The role in the 

approach is played by the Netherlands Veterinary Medicines Authority, SDa. 

Antibiotic use in dairy cattle has been stable for many years. Antibiotic resistance in udder pathogens is 

also stable, although further research on penicillin resistance in coagulase negative staphylococci and its 

relation to resistance in Staphylococcus aureus is needed. A point of sorrow is the observed increase of 

multidrug resistance in commensal E.coli strains isolated from faeces samples.  

Total antibiotic use in the Netherlands decreased substantially over the last few years in all animal species, 

including dairy cattle. Also the use of third preference antibiotics decreased enormously.  

 

Introduction  

In recent years, the approach on antibiotic use in the Netherlands has changed dramatically. Due to 

relatively low antibiotic usage in humans, relatively high high antibiotic usage in animal husbandry, and a 

number of incidents with MRSA and ESBL in animals (de Neeling et al., 2007; Leverstein-van Hall et al., 

2011) our government set goals for reduction of antibiotic use in animal husbandry. 

In spite of the ban on growth promotors in 2006, ever since the start of the national surveillance program 

on animal antibiotic usage in 1998, increased year by year. Thus, the government decided that the national 

veterinary antibiotic use had to be decreased to the level of 1999. The goal set was a decrease with 20% in 

2011 and with 50% in 2013, as compared to 2009. In 2008 a national taskforce, in which the major livestock 

production sectors participated, was established to realize these goals. Their efforts resulted in a more 

than 20% reduction in antibiotic use in 2011, total sales of antibiotics licensed for use in animals dropped 

from 495 tonnes in 2009 to 338 tonnes in 2011 and to an estimated 244 tonnes in 2012 (MARAN 2013). 

Because the decrease in antibiotic use was that successful, it was recently decided that a 70% decrease in 

antibiotic use should be realized in 2015. 

At this time it is unclear whether or not these goals are realistic for the dairy sector. With the exception of 

dry cow treatment, antibiotic use in dairy cattle is mainly for therapeutic reasons. Therefore, decrease of 

antibiotic use is much more difficult than in other species. On the other hand, there is quite some variance 

between herds, indicating there may be room for improvement in at least part of the herds. 

The overall aim of improving antibiotic usage in dairy cattle in the Netherlands, is to reduce antibiotic 

resistance. Thus, the focus basically is threefold: making antibiotic usage transparent, improving quality of 

antibiotic use, and, where possible, decreasing the quantity of antibiotic usage. 

 

 

 

 



21 
 

Antibiotic resistance in cattle 

When studying antibiotic resistance in dairy cattle, it is important to realize there is a huge difference 

between udder pathogens and other pathogens. Most antibiotics are used in the udder, but most bacteria 

live in the intestinal tract, where resistance can develop easier. 

In the udder, antibiotic resistance is most prominent in Gram-positive bacteria, specifically staphylococci. 

The most prevalent major pathogenic bacterial species is Staphylococcus aureus (Sampimon et al., 2008). 

Because resistance of S. aureus against penicillin (based on β-lactamase production) directly influences 

efficacy of therapy, this has been monitored for many years. In Figure 1, data are presented from GD 

Animal Health in the period 1965 – 2010 collected by Sol (2002) and subsequently. After the initial increase 

in the 60’s of the previous century, in spite of intensive intramammary antibiotic use, through dry cow 

therapy (Sampimon et al., 2008) penicillin resistance in S. aureus seemed to have decreased over the years.  

 

Figure 1. Percentage of S. aureus isolated from milk samples resistant against penicillin in 1965 – 2010 in the 

Netherlands. 

 

 
 

That situation is different for coagulase negative staphylococci (CoNS). The CoNS prevalence in milk 

samples from dairy cows has increased in the Netherlands. In 1999 16.2% of the bacteria isolated from 

milk collected from cows with subclinical mastitis were CoNS, while this proportion was 42.2% in 2004. The 

proportion of CoNS isolated from samples from cows with clinical mastitis was 7.3%, respectively 14.1% in 

1999 and 2004 (Sampimon et al., 2009). The CoNS were found to be highly resistant to penicillin (37.4%), 

with differences in variance of resistance between species, varying from 0% for Staphylococcus simulans to 

100% for Staphylococcus saprophyticus. In another Dutch study 30% of CoNS were found penicillin 

resistant based on phenotypic sensitivity testing. The same strains, however, were tested 80% positive on 

the blaZ-gene, the genotypic determinant for penicillin resistance (Sampimon et al., 2011). The latter 

indicates that phenotypic susceptibility testing in CoNS may be an underestimation of the antibiotic 

resistance in CoNS. This may be important for S. aureus too, especially since blaZ in CoNS tends to be 

chromosomally located in CoNS, while it is predominantly plasmid borne in S. aureus (Olsen et al., 2006). 

Penicillin resistance in staphylococci does not seem to be a problem in Dutch circumstances, although 

further research on CoNS, and its relation to S. aureus is necessary.   

Another antibiotic resistance issue in S. aureus concerns methicillin. Based on oxacillin resistance and 

confirmed by the presence of the mecA-gene, methicillin-resistant S. aureus (MRSA) was found in 2 milk 

samples in 2007, and in 1 milk sample in 2008 in the Dutch national surveillance system (MARAN 2010). In 

a prospective prevalence study on 200 dairy herds by Olde Riekerink et al. (2010) a MRSA herd-level 
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prevalence of 2% was described. In this study 8 cefoxitin-resistant S. aureus isolates were found, of which 7, 

isolated from 6 cows in 4 herds carried the mecA-gene. The eighth isolate could also have been MRSA, 

since also mecA-negative MRSA exists (García-Álvarez et al., 2011). A total of 0.2% of the tested cows was 

found positive on MRSA (Olde Riekerink et al., 2010). All strains belonged to Spa-type t011 (ST398), 

indicating they were livestock-associated MRSA (Feβler et al., 2012, Tavakol et al., 2012). In a pilot study we 

did not find big differences in MRSA prevalence between milk and other body sites, such as skin (data not 

presented). These findings indicate that the prevalence of MRSA in dairy milk is low as compared to for 

instance pigs (de Neeling et al., 2007).  

Regarding Gram-negative bacteria, ESBL producing E. coli were isolated from a low number of milk 

samples, based on resistance against cefquinome (a fourth generation cephalosporin). This was first found 

in 2006. Apart from this finding, the resistance levels in E. coli and other coliform bacteria from milk 

samples remained stable at a low level (≤ 30%, with the exception of ampicillin) in the period 2002 – 2008 

(MARAN 2010). 

 

The most relevant pathogens for the development of antibiotic resistance in farm animals, isolated from 

faecal samples in the Netherlands are Salmonella, Campylobacter, and shiga-toxin producing E. coli O157 

(STEC). For Salmonella Typhimurium in cattle resistance levels vary considerably over the years, with no 

specific trends. Also for Campylobacter jejuni, variable but low resistance rates were described in cattle. For 

STEC, however, resistance against streptomycin, sulfamethoxazole and tetracycline was found in 

respectively 15%, 15% and 17% of bovine isolates. Although over the last years a slow increase in STEC 

resistance levels was noticed, the last years the trend seems to decrease to fairly low resistance levels in 

2011 (MARAN 2012). To monitor the overall resistance selection pressure, resistance levels are studied in 

commensal intestinal bacteria. To reach this aim for both Gram-negative and Gram-positive bacteria, E. coli 

and Enterococcus species are monitored. Resistance to third-generation cephalosporins was observed in 

commensal E. coli isolates in bovine and other samples and varied from very low in dairy cattle (0.4%) to 

13.2% in broiler chickens (MARAN 2012).  

Thus, in general, resistance levels of dairy cattle are more favourable than in other livestock species 

(Hordijk et al., 2013). From 2005 to 2009, however, the percentage of fully susceptible E. coli strains from 

faecal samples originating from dairy cows, gradually decreased from over 98% to approximately 75%, 

with an increasing number of isolates being multidrug resistant. This trend, that is likely related to the use 

of antibiotics asks for attention. 

As in other species, ESBL producing E. coli were found in faecal samples from dairy cows, as is presented in 

Figure 2. This figure also shows the effect of chancing antibiotic use on antibiotic resistance (Hordijk et al., 

2013). 
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Figure 2. Prevalence of cefoxatim resistant E. coli in different animal species in the Netherlans The arrow 

indicates the point in time the use of ceftiofur in broilers was stopped (from Hordijk et al., 2013). 

 

 
 

Although intramammary applied antibiotics may spread to invade the body and may have an effect on 

resistance development in intestinal bacteria, oral or parenteral applied antibiotics likely are more 

important with respect to development of antibiotic resistance. Thus, there seems to be a limited 

relationship between antibiotic resistance patterns of intramammary and intestinal bacteria, and antibiotic 

resistance of both types of infections ought to be monitored separately. 

 

Transparency of antibiotic usage  

Antibiotics vary in their potency and pharmacokinetic properties and thus in used dosages. Therefore 

quantities of antibiotics used cannot be simply compared based on kilograms used. For that reason the 

number of daily doses per animal year is calculated expressed as ‘animal daily doses’ or ADD, which allows 

the calculation and comparison of antibiotic usage when different active ingredients are involved. ADD is 

the average daily on-label dosage multiplied by the weight of the treated animal (Jensen et al., 2004) 

conform to developments in the human health sector. The use of ADD also gives the opportunity to 

compare antibiotic usage in different countries. International acceptance of the ADD approach in 

veterinary medicine would certainly help in exchange of information, knowledge and experience on how to 

decrease antibiotic usage and resistance.  

To calculate ADD at the herd level, ideally the weights of treated animals as well as the weights of all the 

animals present in the herd are measured. Since this is practically impossible, average weights are used as 

the best estimate, assuming that treatments on average are administered to animals with an average 

bodyweight. Thus, ADD is determined by calculating the total number of kilograms of animals that, based 

on the on-label dosage, can be treated with each active ingredient: the treatable weight. The treatable 

weight is divided by the total weight of the livestock that is, on average, present on the farm.  

On the initiative of the Royal Dutch Veterinary Association, specialists gathered in so-called ‘formulary 

groups’, prepared guidelines per animal species, for preference of use: antibiotics to be preferably used for 

major indications. Three groups were made. First preference antibiotics are effective for the specific 

indication and don’t induce resistance due to extended spectrum beta-lactamases (ESBL) / AmpC 

production. Second preference antibiotic are only used when unavoidable, the so-called ‘No, unless’ 

approach. There has to be a specific documented reason, like patient- or farm history, sensitivity pattern or 

clinical urgency to use these antibiotics. Third preference antibiotics are those antibiotics that are of 

importance for treating multiresistant bacteria in human patients, such as third and fourth generation 

cephalosporins, some fluoroquinolones and modern long acting macrolides. Use is only allowed for 
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individual animals, when bacteriological culture and sensitivity patterns showed there is no other 

alternative. Carbapenems, glycopeptides, oxazolidones, daptomycine, mupirocine and tigecycline are 

‘last-resort’ antibiotics in human medicine and may never be used in animals. 

In order to improve transparency, the animal sectors sows/piglets, fattening pigs, broilers, veal calves and 

dairy cattle, each developed their own data system to visualize antibiotic usage. These data are delivered 

on a regular base to the SDa, the Netherlands Veterinary Medicines Authority 

(www.autoriteitdiergeneesmiddelen.nl). This is an independent institute which calculates antibiotic use in 

animal husbandry and sets bench mark indicators for the use of antibiotics per animal sector, serving as 

guidelines for farmers and veterinarians. Additionally, bench mark indicators for third preference 

antibiotics, that are critical to human medicine, are set and the conditions for their use are defined. The 

SDa consists of an independent panel of experts from the field of human medicine, veterinary medicine 

and epidemiology. The SDa expert panel analyses the data and reports her findings to the government 

and the different animal sectors. Based on these findings, they recommend reduction programs for 

farmers and veterinarians. 

Another aspect of transparency of antibiotic use is the herd level usage. Per herd an overall ADD is 

calculated, as well as the ADD for first, second and third preference antibiotics, for route of application 

(intramammary, parenteral injection, intrauterine and oral) and for the age group of the animals to be 

treated (0-56 days; 56 days-1 year; 1 year; ≥ 2 years). The relevant parameters will be accompanied by a 

benchmark, indicating the national average. As an example for a single fictive farm, a graph on the 

antibiotic use per route of application is presented in Figure 3. 

 

Figure 3. Number of daily doses per animal year (ADD) stratified by route of application for a one year period 

in a fictive dairy farm. 

 
 

The goal of making these data transparent is twofold. One is to provide the farmer and the veterinarian 

with data on antibiotic usage, offering the opportunity to compare the situation on the farm with other 

farms. This, together with evaluation of efficacy of therapy, can help to optimize antibiotic treatments. The 

other goal is to monitor antibiotic usage at the national level, in order to visualize whether or not the 

national goals will be realized. The SDa decides on the national goals on ADD for different animal species 
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and has determined the long term goal for dairy cattle to be 4. At the time of writing of this paper new 

action values for 2013 are expected. At this time the values are such that herds with an ADD ≥ 8 will be 

signalled and warned by a letter while herds with an ADD ≥ 11.5 will be approached by the quality systems 

of the dairy industry.  

 

Quality of antibiotic use 

Antibiotic use has several qualitative aspects, such as choice of product and application route, professional 

application, therapy evaluation, residue handling, professional storage and monitoring of use. For practical 

reasons, not all of these aspects will be discussed here, but the most relevant with respect to antibiotic 

resistance, will. As related to choice of antibiotics the first goal is, of course, to find an antibiotic that is 

effective and safe for the patient. Other aspects that are considered important in choice of antibiotics are 

easiness of use, price, and withdrawal time. Finally, until recently relatively low on the list of priorities of 

practitioner and farmer, is the risk on development of antibiotic resistance. With that in mind, the system 

described above on first, second and third preference antibiotics was developed. Nowadays, after 

indication and availability, preference of use is the most important criterion when an antibiotic therapy is 

chosen. First preference antibiotics can be used by farmers, based on advices given by the veterinary 

practitioner and written down in a so-called ‘herd treatment plan’, see Figure 4. In that plan, the 

veterinarian gives an advise on the most important diseases that can be diagnosed and treated by the 

farmer himself, such as mastitis, endometritis and panaritium, and for which first preference antibiotic are 

available.  

 

Figure 4. Example of a Dutch herd treatment plan (Bedrijfsbehandelplan) with indication (here: clinical 

mastitis, subclinical mastitis, drying off), antibiotic, route of application, dosage, frequency of treatment, 

length of treatment and withdrawal time for milk and meat. 

 

  
 

Second preference antibiotics are used according to the ‘No unless, principle’, after a diagnosis by a 

veterinarian, if antibiotic treatment is unavoidable and if there is no first preference antibiotic available. 

The approach of third preference antibiotics is comparable, but even more restricted: antibiotic culturing 

and sensitivity testing have to be always performed. Our experience is that many people did not realize the 

importance of development of antibiotic resistance, and the possible influence of animal antibiotic use on 

that, towards future efficacy and availability of antibiotics to treat both, humans and animals. Additionally, 

some of these third preference antibiotics are not excreted in the udder and therefore don’t have a 
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withdrawal period for milk. For obvious reasons, these antibiotics are very attractive, specifically in periods 

of high milk production. Evidence exists, however, that the use of third preference antibiotics can lead to 

increased resistance in intestinal bacteria in calves and swine (Jiang et al., 2006, Béraud et al., 2008). In a 

study from the United Kingdom it was found that herds that had administered 3
rd

 or 4
th

 generation 

cephalosporins in the previous year were almost 4 times more likely to have ESBL producing E. coli, while 

no association was found with other antimicrobials (Snow et al., 2012). 

In the period before actual implementation of the regulations described above, the use of third preference 

antibiotics already decreased enormously, as is presented in Figure 5, presenting the use of third and 

fourth generation cephalosporins in the first half of 2012. The data of the whole of 2012 are not yet 

available at the time of writing of this paper, but will, most likely, not differ much from the data in the first 

half year. 

 

Figure 5. Use of third and fourth generation cephalosporins in dairy herds in the Netherlands in the period 

2004-2012. Data on 2012 are based the first 6 months only. 

 
 

Another important aspect and for a great deal neglected aspect of quality of antibiotic use is residue 

handling. Residues in consumption milk are monitored very well and there are very few positive findings. 

Until recently, however, little attention has been given to residues in wastemilk. In a study in the United 

Kingdom, it was found that 71 out of 103 wastemilk samples were positive on antibiotics (Heinrich et al., 

2012). Feeding this milk, especially with low concentrations of antibiotics, to neonatal calves may lead to 

induction of antibiotic resistance (Brunton et al., 2012). The same possibly is also true for antibiotic 

residues of dry cow products in colostrum. These issues are currently under study.  

 

Quantity of antibiotic usage 

As discussed above, the SDa monitors trends in antibiotic usage and resistance in the sectors sows/piglets, 

fattening pigs, broilers, veal calves and dairy cattle through a national antibiotic surveillance system in the 

Netherlands. Antibiotic usage is monitored on the national level (Figure 6), based on the total amounts of 

active substances sold by the Dutch veterinary pharmaceutical industry. 
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Figure 6.  Veterinary therapeutic sales from 1999-2012 (vertical bars), based on data from the veterinary 

pharmaceutical industry (FIDIN). The line presents the trend in grams of active ingredients used per kg live 

weight. The data on 2012 are based on the first 6 months only (MARAN 2013). 

 

 

 
 

 

As compared to 2009 (the year of reference) total sales of antibiotics decreased by nearly 32% in 2011 and 

seem to be over 50% in 2012. Using 2007, the year with the highest antibiotic usage as a reference, the 

decrease was even 40% respectively 58%. These data, indicate major steps forward have been made in 

decreasing antibiotic use in the animal husbandry in the Netherlands. However, these data are not 

specified per animal species, because the same pharmacokinetic groups of antibiotics are used in different 

species. Therefore, a stratified sample of farms per sector is monitored to quantify the actual exposure to 

antibiotics. Based on these, the ADD for each of the sectors is calculated, being low for dairy cattle as 

compared to species such as veal calves and broilers (MARAN 2011). Until now, the SDa has not monitored 

beef cattle. Limited data (not presented here) revealed an average ADD lower than 1 with an upper limit of 

approximately 4. Based on the national antibiotic surveillance system, the SDa will shortly present the 2012 

data on all cattle herds in the country, both dairy and beef herds. 

In dairy farms, most antibiotics is used in adult animals. Therefore, ADD calculations in the national 

surveillance system are based on the weight of dairy cows only. This will be changed in the near future, 

measuring used antibiotics per age group as well as the ‘population at risk’ based on the weights of all 

present animals (including heifers, young stock and calves). In Table 1, data on ADD as calculated by the 

national surveillance system from 2005 – 2012 are presented, including the number of herds these data are 

based on. Here also the 2012 data are based on the first 6 months only, but likely will not be very different 

for 2012 as a whole. These data show that a markedly decrease in antibiotic use has also been realized in 

dairy cows. 
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Table 1. Number of daily doses per animal year (ADD) in dairy herds in the Netherlands in the years 2005 – 

2012, 2012 being based on the first 6 months. 

 

Year Number of herds ADD 

2004 50 6,8 

2005 35 5,8 

2006 34 5,9 

2007 34 6,3 

2008 82 6,6 

2009 83 5,8 

2010 77 6,4 

2011 77 6,1 

2012 68 4,2 

 

 

Antibiotic usage varies substantially between herds, indicating there probably is room for improvement in 

some herds. In a study in 2010, 68 dairy herds were monitored for their antibiotic use. There was no 

association between herdsize (ranging from 43 to 272 dairy cows) and use of antibiotics was found (R
2
 = 

0.0019) as is presented in Figure 7. 

 

Figure 7.  Number of daily doses per animal year (ADD) and herdsize in 68 dairy herds in the Netherlands. 

 
 

The average ADD in the 68 dairy herds in 2010 was 5.31 (Range 0.05 – 11.58), of which 1.67 (32%) were 

first preference, 2.56 (48%) second preference and 1.08 (20%) third preference antibiotics. As shown in 

Figure 5, this latter aspect has changed already. Although the high variation between herds indicates there 

is room for improvement, because some do better than others, we need to know more on year to year 

variance within herds. There will be herds that vary from year to year, as a consequence of an outbreak of 

disease and subsequent antibiotic use. Others will be using high amounts of antibiotics on a more 

continuous base. Obviously, it is specifically the latter group that needs to improve. The ADD dynamics at 

the herd level will likely be studied by SDa in the near future, based on the data coming from the national 

antibiotic surveillance system. 

0

2

4

6

8

10

12

14

0 50 100 150 200 250 300

Num ber of dairy c ows  per herd 

A
D

D



29 
 

Because roughly 60% of antibiotics in dairy cattle are used intramammary, of which two-thirds as dry-cow 

products, udder health asks for specific attention as related to the quantity of antibiotic use. Based on data 

supplied by FIDIN, representing the veterinary pharmaceutical industry in the Netherlands, the percentage 

of cows treated with antibiotics at drying off was calculated to be approximately 78% of cows during 1998 

- 2010, with a minimum of 71% in 2009 when the milkprice was extremely low. For mastitis treatment 

during lactation, FIDIN data on tubes sales since 1998 show an annual variation of approximately 6.6%, 

without a trend in time. This, combined with a decrease in clinical mastitis reported over the last five years 

(Lam et al., 2013) leads to the conclusion that it is unlikely that intramammary antibiotic usage during 

lactation and at drying off increased during the past 10 years. That, however, is going to change shortly. 

Recently the government forbid the preventive use of antibiotics in animal husbandry, including the 

preventive use of dry cow antibiotics. The ban on the preventive use of dry cow antibiotics is a major 

concern as related to udder health. We recently did a study on the effect of not using preventive dry cow 

therapy in cows and heifers with a low somatic cell count at the end of lactation, and found a decrease in 

antibiotic use, but an increase in both, subclinical and clinical mastitis (Scherpenzeel et al., in prep.). At this 

time guidelines for practitioners are developed by the Royal Dutch Veterinary Association, in which is 

explained how to implement the system of selective dry cow treatment in dairy herds.  

 

Discussion 

Every time a human or an animal is exposed to antibiotics, there is some degree of selection of resistant 

microorganisms (Tacconelli, 2009). Thus, the use of antibiotics in both, humans and animals, should be 

minimized as much as possible. For dairy cattle in the Netherlands the total usage of antibiotics over the 

last years is more or less stable. Resistance levels in bactedria isolated from cattle are relatively low, with 

the exception of the increasing multidrug resistance in commensal E. coli from faecal samples.  

An important factor that has always limited the usage of antibiotics in dairy cattle, is the withdrawal period 

of milk. This does not apply for the use of antibiotics in non-milk producing animals such as dry cows and 

young calves. Cessation of application of dry-cow antibiotics in non-infected cows will have conflicting 

consequences: a decrease of antibiotic use and an increase of subclinical infections and clinical mastitis. 

The challenge is to find the balance between both. To reduce the effect of the lack of antibiotic protection 

in the dry period, udder health management needs to be optimized, focusing on mastitis prevention. This 

needs specific attention in the herd health plan, which farmers are obliged to implement, as part of the 

program to reduce antibiotic usage. Such a herd health plan has to be made specifically for each farm, by 

the own veterinary practitioner, who needs to be professionally trained for that purpose. The plan needs to 

be reviewed at least on an annual base .  

As for dry cows, also for youngstock there is no limiting effect of a withdrawal period when using 

antibiotics. Treating calves with antibiotics will only lead to the costs of the antibiotic, which sometimes is 

much cheaper than improving ventilation or rebuilding a bad barn, and thus will lead to high antibiotic use 

in this age group. For this reason, specific monitoring of antibiotic use in youngstock has added value, 

both at the herd and the national level. 
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During the last decades milk yield in dairy cows increased considerably, management procedures 

regarding dry-off, however, hardly changed. A sudden dry-off is still common on commercial dairy farms. 

Although, there is a dearth of science-based information, we hypothesized that the increase of pressures 

within the udder after sudden dry-off causes discomfort and stress especially in high yielding cows. The 

measurement of fecal cortisol metabolites (i.e., 11,17 dioxoandrostanes; DOA), is a well-established, 

feedback free method (i.e. only minimal stress due to restraining and sampling) to quantify stress in cow. 

Therefore, we evaluated the effect of a sudden dry-off on the DOA concentration and investigated the 

relationship between milk yield, udder pressure and DOA after dry-off. 

76 healthy, late-lactating dairy cows were enrolled 7 d before (D-7) and followed up until 9 d (D9) after 

dry-off. Cows were milked twice daily until dry-off and grouped based on their daily milk yield averaged 

over 7 d before dry-off in low (< 15 kg/d, lMY, n=25), medium (15-20 kg/d, mMY, n=26) and high (> 20 

kg/d, hMY, n=25) yielding. 

Udder pressure was measured 7 d before dry-off (i.e. before and after milking) and 9 d after dry-off (i.e. 

once daily) using a hand-held dynamometer (Penefel DFT 14, Agro Technologies). 

Fecal samples were collected twice before (i.e. D-7 and D0) and 5 times after dry-off on D2, D3, D5, D7 and 

D9. They were obtained manually from the rectum and frozen at – 26° C till analyzing. DOA was measured 

utilizing an 11-oxo-etiocholanolone enzyme immunoassay. 

Udder pressure increased in all yield groups (P < 0.001) after dry-off, peaked on D2 and declined 

afterwards. Baseline values (i.e. late lactating cows after milking) were not reached within the study period 

(P < 0.05). After dry-off udder pressure was highest in hMY cows. It differed between hMY and lMY and 

between mMY and lMY cows for 9 and 7 d, respectively (P < 0.05). A difference between hMY and mMY 

cows could be evaluated on D3 and D4 (P < 0.05). 

DOA baseline concentrations were highest in lMY (121.7 ± 33.3 ng/g) and lowest in hMY cows (71.1 ± 30.0 

ng/g). The increase of DOA after dry-off, however, was higher in hMY than lMY cows (P = 0.003). In mMY 

and hMY cows DOA concentrations increased after dry-off, peaked on D3 and decreased subsequently. 

Baseline levels were not attained within the 9 d study period (P < 0.05). In lMY cows, however, only DOA 

concentrations on D3 differed from the baseline (P = 0.005). There was no difference between D2, D3, D5, 

D7 and D9, respectively (P > 0.05). Besides an effect of day (P = 0.005) on the DOA concentration, it was 

furthermore affected by udder pressure (P = 0.05). 

Udder pressure and DOA concentrations showed a similar pattern, but with a time lag of 1 day. This time 

lag is consistent with the 8 to 16 h between an increase in blood cortisol coinciding with the stressor and 

elevated concentrations of fecal DOA. It might indicate a causal relationship between high milk yield, high 

udder pressure and high stress levels after dry-off. 

Our study demonstrated that a sudden dry-off caused an increase of udder pressure and DOA. Both, udder 

pressure and the increase of DOA were highest in high yielding cows, but negligible in low yielding cows. 

We concluded that a sudden dry-off is a stressful event especially in high yielding dairy cows. A 

re-evaluation of current dry-off strategies might be indicated considering animal welfare aspects. 
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Many of the measures used for mastitis control in dairy farms rely on the human factor for effective 

implementation. Much of the scientific knowledge which is the basis for mastitis control is decades 

old, but many procedures are often not well implemented due to problems in communicating with 

and motivating farmers. Technology may present as an easy solution for some of these issues, but 

results need to be compared with the conventional methodology. The objective of the present study 

was to evaluate the effects, on 2 dairy farms, of converting to an automated post-milking teat 

disinfection and backflush combination (ADF milking®). The parameters evaluated included bulk tank 

somatic cell count, new intramammary infection rate, degree of teat cover by the teat disinfectant, 

microbial count on the surface of teat liners, duration of milking, and disinfectant concentration on the 

bulk tank milk. 

Both farms milked around 350 animals, each with 3 milking teams, and both using herring-bone 

parlours (2x12 and 2x20, for farm A and farm B). Bulk tank somatic cell count was monitored monthly 

for 12 and 10 months, respectively for farm A and B, before and after the system was put in place. New 

infection rate was based on the number of animals that had an increase in individual SCC from below 

to above 200.000 cells/ml in two successive milk recordings. Degree of teat cover was evaluated using 

a visual scale of 1 to 4 (1 – not applied; 2 – teat end not covered; 3 – teat end covered but teat surface 

cover <60%; 4 – teat totally covered), on 1868 teats of farm A and 1148 teats of farm B, with different 

milking teams. Microbial count on the inner surface of teat liners was performed by swabbing liner 

surface (n=44) randomly during milkings and counting cfu on plate count agar. Duration of milking 

was evaluated twice with two different milking teams, before and after the system was in place. The 

iodine concentration (teat disinfectant) on bulk tank milk was measured one week before the system 

was installed and one month after it was fully operational, for both farms. Non-parametric tests were 

used for statistical analyses. 

Comparing homologous months there was a mean reduction in the monthly bulk tank CCS of 24% in 

farm A and 15% in farm B. The new infection rate was reduced by 3% in farm A and was not reduced 

in farm B. The degree of teat cover improved 0.14 points for farm A’s team one, and decreased from 

0.23 to 0.29 points for the other teams. 

We obtained a microbial count <10 cfu/ml in 11% and 81% of the liners before and after the system 

started to operate, respectively. The duration of milking decreased in all cases, between 1% and 17%, 

differing between teams and farms. Only the team which economized 17% of time (39 minutes), led to 

a significant reduction in milking time (P<0.05). The iodine concentration on bulk tank milk increased 

in both farms, from 0.044mg/L to 0.080mg/L in farm A and from 0.055mg/L to 0.110mg/L in farm B, 

one month after the system was put in place. In both cases, iodine concentrations in the bulk tank milk 

were below the 0.5 mg/L defined by WHO as the maximum level admitted for human consumption.  

This system led to a reduction in the microbial count on the surface of teat liners and, with some 

milking teams, to a reduction in milking time, while not increasing the levels of iodine in milk to 

unacceptable levels. The economics of implementing such system needs to be evaluated. 
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A whole blood stimulation assay (WBA) with Escherichia coli was evaluated and optimized for bacteria 

dose and incubation time to investigate differences in dairy cows’s tumor necrosis factor-alpha 

(TNF-α) responsiveness in early lactation. Moreover, the association between TNF-α responsiveness ex 

vivo and E. coli mastitis associated Bos taurus autosome-9 (BTA-9) located QTL-haplotypes in dairy 

cows was investigated. Blood samples were collected at -3 to 8 weeks after parturition from 72 Danish 

Holstein Friesian dairy cows in three experiments. The whole blood was stimulated with negative 

control PBS or NaCl, positive control E. coli lipopolysaccharide (LPS, 10 µg/mL) and different 

concentrations of E. coli for ex vivo TNF-α response. In first experiment, whole blood from 4 cows were 

stimulated with killed E. coli at a concentration of 1×103, 1×104, 1×105, 1×106, 1×107, 1×108 CFU/mL 

for 3.5 h, 6 h and 23 h to determine the TNF-α kinetic ex vivo, which was followed by a time study 

using 2.5×106 CFU/mL. In the second experiment, WBA was performed repeatedly on 28 cows (wk 2 

to 8 after parturition) stimulating with 2.5×106  CFU/mL E. coli for 3.5 h to investigate differences in 

individual cows’ TNF-α response ex vivo in early lactation. In the third experiment, WBA was 

conducted on 39 dairy cows with known E. coli mastitis associated BTA-9 located QTL-haplotype cows 

(n = 18, high susceptible, n = 21, low susceptible) using a relatively lower (2.5×105 CFU/mL) and 

higher (2.5×106 CFU/mL) bacteria doses. All stimulants resulted in increased TNF-α response 

compared to the corresponding negative controls. Ex vivo TNF-α responsiveness to E. coli bacteria was 

dose and time dependent and a dose of 2.5×106 CFU/mL and 3.5 h were evaluated as the optimal 

dose and time for studying inter-individual TNF-α responsiveness ex vivo. Relatively consistent 

inter-individual cow differences in the TNF-α responsiveness ex vivo were observed from wk 3 to wk 8. 

No association were found between the ex vivo TNF-α responsiveness and the two E. coli mastitis 

associated BTA-9 located QTL haplotypes when using a lower dose (sensitivity) or a higher dose (LPS 

maximum responsiveness). 
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Introduction 

Staphylococcus aureus (S. aureus) is a major mastitis causing pathogen. It leads to mainly subclinical 

intramammary infections and considerable economic losses. Various genotypes with different 

epidemiological properties were identifed recently. Whereas most genotypes in Switzerland did only 

affect very low numbers of animals per herd with mainly one quarter infected per cow, S. aureus 

genotype B (SAGTB) was found to be highly contagious, causing herd health problems. The spread of 

S. aureus may be aggravated when dairy herds are mixed or fused, posing a threat to the herd’s health 

status. This may also be the case with cows from different herds that share alpine pastures and the 

milking equipment used on these alps. The aim of the present study was to evaluate the dynamics of 

SAGTB on 9 collectively operated alpine pastures during 1 summer season in Switzerland. The alpine 

environment was additionally investigated to identify potential SAGTB reservoirs and transmission 

routes.  

 

Material and Methods 

A total of 9 communal alpine operations in a mountain region in eastern Switzerland were included in 

the study. Clean composite milk samples were collected from 822 cows during the first or second 

milking on the alpine operation and shortly before the end of the season. Additionally, environmental 

samples (milking equipment, food trough, indoor lying surfaces, etc.), samples of alpine personnel 

(nasal swabs, swabs of hand surfaces and medial aspect of the elbow joint), and nasal swabs of 

herding dogs present were collected before the animals arrived at the alpine pasture. At the end of 

the season, sampling from alpine personnel was repeated. All samples were analyzed for the presence 

of SAGTB using a quantitative PCR.  

 

Results 

At the start of the pasture season, SAGTB-positive cows were identified on 7 out of 9 alpine 

operations. The within-alpine pasture prevalence of SAGTB positive alpine operations then ranged 

between 2.2% and 31.9%. On the second sampling, all alpine operations were SAGTB-positive showing 

within-alpine pasture prevalences of 0.9% to 70.6%. The between-owner prevalence increased from 

27.1% to 56.1%. The cow level prevalence increased from 10.8% at the beginning of the season to 

28.8% at the end. All environmental samples were SAGTB-negative. On 3 different operations, swabs 

of 2 cheese producing employees and of 2 milkers were SAGTB-positive at the end of the season.  

 

Conclusions 

The results of this study indicate that SAGTB can easily spread on alpine pastures after mixing dairy 

herds without establishing proper preventive biosecurity measures. This confirms former studies 

describing a high contagiousness of SAGTB. Effective, but practically feasible, preventive measures 

need to be designed for communal alpine pastures. The milking equipment and alpine personnel 

should be considered as possible vectors. 
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Objective 

Normally first choice antibiotics are used in daily farm practices. If no success shows up, second and 

third choice antibiotics are used. Time dependency shows that at the beginning of a disease special 

bacteria are common followed by ubiquitous bacteria. The use of antibiotics doesn’t follow the 

occurrence of bacteria. 

Goal: The goal of this study was to investigate the use of early microbial sensitivity test (antibiogram). 

We want to proof that it is possible to select an antibiotic from all choices after first failure and not to 

skip immediately to second and third choice antibiotics. Also we want to proof that it is cheaper to 

perform an early microbial sensitivity test and use the cheapest not resistant antibiotic instead of 

using second and third choice antibiotics after a failure. 

 

Material & Methods 

130 microbial sensitivity test from herd health problems examined by our team between 1986 and 

2010 were analysed and compared with the standard used antibiotic by our clinic in this case (calf 

pneumonia, calf diarrhoea, mastitis, etc.). Failure of treatment was accessed by antibiotic resistance. 

Further treatment was divided in a treatment by choosing the cheapest successful antibiotic or 

choosing the second/third choice antibiotics by standard procedure of our clinic. A decision-tree 

analysis was performed in order to find the most successful pathway. 

 

Results 

The results show that it is not only possible to use as a second antibiotic an antibiotic from the list of 

first choice but it is also cheaper to perform an early microbial sensitivity test. 

 

Conclusion 

There is evidence that early performing a microbial sensitivity test in herd health problems not only is 

cheaper by economic reasons but also leads to a wider use of first choice antibiotics. 
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Background 

The occurrence of extended-spectrum ß-lactamase (ESBL) producing Enterobacteriaceae in animals is 

increasingly reported, and several studies showed that food-producing animals might be reservoirs of 

ESBL producers. Our study aimed to evaluate the colonization rate by ESBL-positive or 

carbapenem-resistant Enterobacteriaceae of cattle in France. 

 

Materials 

Rectal swab samples (n=260) were recovered, (i) from cows during a one-year period in 2011 in 

different farms located in the suburb of Paris, France and (ii) from cattle hospitalised in the clinic for 

ruminants based at Alfort National Vet School. Samples were pre-cultured in buffered peptone water 

and incubated 18h at 37°C. Cultures were inoculated by streaking 100 µl of the suspensions onto 

Drigaslki agar plates containing either ceftazidime (2 µg/ ml) or imipenem (2 µg/ ml). Multilocus 

sequence typing (MLST) was undertaken to identify the genetic background of the strains. PCR 

experiments and DNA sequencing were used to identify the ß-lactamase genes. Plasmid typing was 

performed by PCR-based Replicon Typing (PBRT). 

 

Results 

Only 14 isolates in total exhibiting an ESBL phenotype were recovered from this screening, being all 

Escherichia coli isolates. Among them, two isolates expressed TEM-52, had been recovered from the 

same farm, and were clonally-related, belonging to sequence type ST359. One isolate was an ST1421 

and produced CTX-M-27, whereas the fourth isolate was an ST244 and produced CTX-M-32. The 

plasmids carrying the ESBL encoding genes were not typeable by PBRT, except the 

blaCTX-M-32-positive plasmid that was typed as an IncF plasmid. No imipenem-non susceptible 

enterobacterial isolate was recovered during this screening, however carbapenem-resistant 

Acinetobacter genomospecies 15TU expressing the carbapenem-hydrolyzing class D beta-lactamase 

OXA-23 were obtained (published study). Ten other isolates obtained from hospitalized cattle were 

ESBL positive E. coli producing either CTX-M-1 or CTX-M-9.  

 

Conclusion 

Our study revealed the rate of ESBL-producing enterobacterial isolates in healthy dairy cattle and in 

clinically ill hospitalized cattle. Only E. coli isolates were identified as ESBL producers. In healthy dairy 

cattle, a relatively low rate was evidenced, and all isolates belonged to three distinct ST types rarely 

identified in humans. Interestingly, different types of ESBLs were identified, all of them being quite 

frequently identified in human isolates. By contrast, the rate of ESBL-producing enterobacterial isolates 

in clinically ill cattle was higher, with different types of ESBLs. 
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Dehydration, metabolic acidosis, and D-lactataemia are relevant pathophysiological consequences 

that influence the clinical picture in calves with neonatal diarrhoea. Electrolyte imbalances are also 

common in these animals and the presence of hyperkalaemia has been described in many studies. 

This disturbance was traditionally attributed to concomitant acidaemia and was associated with 

life-threatening cardiac arrhythmias and progressive atrial standstill. Generalized muscle weakness and 

concomitant flaccid paralysis of the extremities has additionally been observed in other species, but 

this interrelation has not been investigated in neonatal diarrhoeic calves before. The purpose of this 

study was to evaluate the relevance of these clinical findings and to assess the predictability of 

hyperkalaemia in a clinical setting. Furthermore the identification of clinical and laboratory factors 

associated with the prevalence of hyperkalaemia was another point of interest. For this purpose we 

have analyzed the clinical and laboratory findings of 124 neonatal diarrheic calves that were admitted 

to the Clinic for Ruminants (LMU Munich) during an eight-month study period.  

Hyperkalaemia was recognized in 34% of cases and was more closely correlated to dehydration 

(degree of enophthalmos, concentrations of creatinine and urea) than to parameters indicating 

metabolic acidosis (base excess and venous blood pH). However, in 75 calves with normal plasma 

concentrations of D-lactate (≤ 3.96 mmol/l) potassium concentrations correlated moderately with 

base excess values (r = −0.48, p < 0.001), whereas no significant correlation was documented in 49 

calves with elevated D-lactate concentrations. Only three hyperkalaemic calves had bradycardia and a 

weak positive correlation was found between heart rate and potassium concentrations (r = 0.22, p = 

0.014). Presence of cardiac arrhythmias (prevalence 8%) had a low sensitivity (17%) but a high 

specificity (96%) for the prediction of hyperkalaemia.  

In a subset of 34 calves with base excess values ≤ −5 mmol/l and D-lactate concentrations < 5 mmol/l 

changes in posture/ability to stand could be mainly explained by elevations of potassium 

concentrations and to a smaller extent by increases of L-lactate concentrations. Skeletal muscle 

weakness due to hyperkalaemia and concomitant hypovolaemia may therefore produce a clinical 

picture that is somehow comparable to that of calves with marked D-lactic acidosis. Since disturbances 

of the palpebral reflex were previously identified to be closely correlated with D-lactate 

concentrations, a prompt palpebral reflex can assist the clinical prediction of hyperkalaemia in calves 

with distinct impairment of ability to stand (specificity 99%, sensitivity 29%). Immediate initiation of 

adequate intravenous fluid therapy is recommended in such patients. 
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The aim of the present study was to prospectively investigate the accuracy of a diagnostic diagram 

previously developed for rapid assessment of acidosis severity in diarrheic calves, when used in field 

conditions by different examiners.  

The study was carried out in Piedmont region, in collaboration with 4 local veterinary practitioners, 5 

veterinary medicine students with basic knowledge in the buiatric field, and 1 more experienced 

student in veterinary medicine. Among authors, CB and AD were included as additional operators for 

the case recruitment. Each operator had to evaluate at least eight calves aged between 0 and 30 days, 

with a diagnosis of acute enteritis. Diarrheic calves which had clinical signs of other diseases were not 

included. Each operator was given a portable blood gas analyzer (iSTAT 1, Abbot, USA), relative testing 

cartridges, heparinized syringes and the diagnostic diagram for the acidosis severity evaluation. Each 

operator was individually instructed about blood gas analyzer use, recognition and interpretation of 

clinical signs and diagram compilation. The blood gas analysis had to be strictly performed only after 

calves’ clinical evaluation and diagram compilation. With regard to physical examination, mental 

status, posture/gait, suckle reflex, enophthalmos and warmth of oral mucosa were evaluated and 

reported in the diagram. These clinical parameters were categorized as follow: normal, signs of 

depression, comatose for mental status; normal, wobbly, recumbent for posture/gait; normal, delayed, 

absent for suckle reflex; present, absent for enophthalmos; cold, cool for warmth of oral mucosa. For 

data analysis, the results obtained from CB and AD and the 5 students with basic knowledge were 

grouped and considered as from two different examiners respectively. The agreement (κ Cohen test), 

the sensitivity, the specificity, the positive predictive value (PPV) and the negative predictive value 

(NPV) of the diagnostic diagram were calculated using a statistical software package (R 2.15.2). 

Ninety-four calves were included in the study. Piedmontese breed was overrepresented (90%). Based 

on blood gas analysis results, 61/94 (65%) calves showed metabolic acidosis (HCO3
-
 < –22 mmol/L). In 

53/94 (56%) calves the metabolic acidosis was classified as severe (BEecf < –10 mmol/L). The sensitivity 

of 5/7 examiners was > 80%, the specificity of 6/7 examiners was > 75%. The highest sensitivity and 

specificity (100%) were obtained from one veterinary practitioner and CB and AD. Overall, the 

diagnostic diagram showed good accuracy with the results of blood gas analysis (observed 

agreements = 81%, κ = 0.61, 95% CI, 0.46 to 0.77), 81% of sensitivity ( 95% CI, 74% to 88%), 80% of 

specificity (95% CI, 73% to 87%), 84% of PPV (95% CI, 78% to 90%) and 77% of NPV (95% CI, 70% to 

84%). In addition, a smaller area inside of that already present in the diagram, which seems to 

discriminate calves with BEecf < –20mmol/L, was identified.  

The results of the present study suggest that the diagnostic diagram has good accuracy when used in 

field conditions by different operators. In addition, it would appear that the most experienced 

examiner could further improve its accuracy. Anyway, the diagnostic diagram maintains a good validity 

even when used by non experienced operators, and its use could contribute to a most appropriate 

therapeutic choice in calves with metabolic acidosis. 
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Introduction  

Fasciola hepatica (liver fluke) is a common parasite in cattle, especially in Ireland and UK where the 

prevalence is as high as 84%. Liver fluke disease (fasciolosis) causes annual losses estimated to be 

around €2.5 billion to livestock and food industries worldwide. The parasite has also been shown to 

have immunoregulatory effects and the aim of this research was to establish, whether F. hepatica 

infection influences the response to vaccination against respiratory pathogens in calves.  

 

Material and Methods  

48 male calves were randomly allocated to two groups. The experimental group was infected with F. 

hepatica by oral administration of 150 metacercariae. The other group was used as a control. At week 

2 and 6 after the infection with F.hepatica calves from both groups were administered Bovipast RSP 

(MSD Animal Health) vaccine containing inactivated PI-3, BRSV and M. haemolytica, pathogens 

commonly associated with bovine respiratory disease. 

Blood samples were taken weekly for 12 weeks to measure specific antibodies against all vaccine 

antigens and F. hepatica, using serum neutralization titre and ELISA techniques. Faecal samples were 

examined for F. hepatica eggs and routine haematology and liver enzyme biochemistry were 

performed. Peripheral blood mononuclear cells (PBMC) were isolated from a subset of calves, and 

stimulated in vitro with F. hepatica excretory/sectretory antigen (FhES), LPS and a toll-like receptor 

ligand (TLRL) and cultured for 72 hours at 37 °C in 5% CO2. Culture supernatants were collected to 

measure levels of IL-4, IL-10, IFN-γ, TGF-β and NO produced in response to stimulation.  

 

Results 

At week 7 post infection all the calves from the experimental group were positive for F.hepatica 

specific antibodies and all the calves from the control group were negative. 

Regression analysis was used to compare the two groups. Liver enzymes (GGT and GLDH) and 

eosinophils were significantly higher in the experimental group. There was no significant difference 

between the groups in terms of vaccine efficacy; antibody levels for PI-3, BRSV and M.haemolytica 

were the same in both groups. 

IL-4 concentrations were significantly higher in the control group after stimulation with all 3 antigens. 

IFN-γ concentrations were significantly higher in the control group when cultured in medium. No 

significant differences were noted in the levels of other cytokines measured. 

 

Discussion 

Other authors have shown reductions in vaccine responsiveness in livestock following helminth 

infection. In this work, we did not show any effect of F. hepatica infection on the antibody responses 

to a range of respiratory vaccine antigens in calves. However, differences in cytokine responsiveness of 

PBMC between control and infected groups was observed, indicating that further work in measuring 

the effect of F. hepatica infection response to challenge infection following vaccination would be 

warranted. 
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High-yielding dairy cows’ health is at risk during the transition period. Previous research disclosed 

critical phenomena of the cows’ adaptation and showed numerous risk factors for disease occurrence, 

as well as high disease incidence during this period. Cows at this period display an overt inflammatory 

response related to pregnancy and lactation. Furthermore, there are several similarities between the 

human metabolic syndrome and the ‘fat metabolic syndrome’ in dairy cows. However, in humans it 

was established that oxidative stress (OS) can induce insulin resistance, whereas in cows, to the best of 

the authors’ knowledge, there is no evidence of such relationship. 

Owing to the above, we hypothesized that in the adaptation of cows to NEB, the whole-body insulin 

sensitivity could be related to the inflammation responses and the oxidative status of the animals; 

which need to be identified to unravel critical case-effect relationships, since a better understanding of 

the complex interactions of endocrinology, immune activation and metabolism during peripartum 

may facilitate to set the nutrient requirements of cows and reduce their susceptibility to diseases. 

To test our hypothesis we studied the concentration of two positive acute phase proteins 

(Haptoglobin [Hp] and Serum Amyloid A [SAA]), oxidative status biomarkers (serum reactive oxygen 

species [ROS] and antioxidant capacity [SAC]) and whole-body insulin sensitivity, in terms of surrogate 

indexes (HOMA, logHOMA, 1/HOMA, QUICKI, RQUICKI and RQUICKI-BHB), throughout the transition 

from gestation to lactation in high yielding dairy cows; using the samples of 22 cows from a previous 

study. Mann–Whitney U-tests were used for pairwise comparisons of the parameters between the 

different production stages (Late lactation, Prepartum, Postpartum and Peak of Lactation). Generalized 

Linear Mixed Models with repeated measurements were built with the different surrogate indexes as 

objectives; with Hp, SAA, ROS, SAC and ROS×SAC interaction as fixed effects and animal as random 

effect. 

The results showed a significant increase in the concentration of Hp and SAA right after parturition, 

along with lowest concentration of insulin and an oxidative challenge. However, the variation of the 

surrogate indexes throughout the studied stages was contrary to the expected, and if not interpreted 

cautiously, these results may led to the assumption that insulin sensitivity was higher after parturition, 

although it is accepted that early lactation is a period of mild insulin resistance. These contradictory 

results are probably occasioned by the use of indexes developed for humans with type 2 diabetes in 

dairy cows around parturition, where the metabolic picture differs substantially (hypoinsulinemia & 

hypoglucemia in cows vs. hyperinsulinemia & hyperglucemia in humans). 

Our results showed that both ROS and SAC, and also their interaction, had a significant effect on all 

the studied surrogated indexes and on insulin levels. Furthermore, Hp had also a significant effect on 

insulin and QUICKI. OS was identified to have a causal role on the development of insulin resistance in 

humans, but this effect was not studied on transitional cows. In the light of these results, oxidative 

stress may play a role in the development of insulin resistance in cows, although further studies are 

required to characterize this role and to study whether, as in humans, antioxidant therapy can led to a 

lower degree of insulin resistance. 
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The aim of this research was to use probabilistic sensitivity analysis to evaluate the relative importance 

of different components of a model designed to estimate the cost of clinical mastitis (CM). A particular 

focus was placed on the importance of pathogen transmission relative to other factors, such as milk 

price or treatment costs. A stochastic Monte Carlo model was developed to simulate a case of CM at 

the cow level and to calculate the associated costs. Uniform distributions were used throughout the 

model to enable investigation of the cost of CM over a spectrum of clinically realistic scenarios without 

specifying which scenario was more or less likely. A risk of transmission parameter distribution, based 

on literature values, was included to model the effect of pathogen transmission to uninfected cows, 

from cows that remained subclinically infected after treatment for CM. Spearman rank correlation 

coefficients were used to evaluate the relationships between model input values and the cost of CM 

and linear regression models developed to explore the effect that changes to specific independent 

variables had on the cost of CM. Risk of transmission was found to have by far the strongest 

association with the cost of CM followed by bacteriological cure rate, cost of culling and yield loss. 

Other factors such as milk price, cost of labour and cost of medicines were of minimal influence in 

comparison. The results from this study suggest that, when seeking to minimise the economic impact 

of CM in dairy herds, great emphasis should be placed on the reduction of pathogen transmission 

from cows with CM to uninfected cows. 
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Mastitis is an inflammation of the udder, mostly caused by bacteria. Knowing the identity of the 

bacteria related to mastitis at a dairy farm is important to determine efficient treatment protocols but 

is also a key factor for implementation of effective preventive protocols. The type of bacteria that 

causes mastitis is influenced by farm specific factors such as housing of the cows, milking hygiene and 

milking routine.  Also, more regional factors such as climate, tradition and technical support will 

influence the type of mastitis bacteria. Therefore, regional epidemiological data on prevalence of 

mastitis bacteria might be a useful tool for farmers to orient their preventive programs for milk quality. 

Veterinary services can provide such information to their clients by analyzing the results of milk 

analyses from their area. The epidemiologic profile of bacterial infections of the udder in our area is 

described during a 10 year period. The milk samples were collected by our staff and by our farmers of 

all type of mastitis cases. The bacteriological analyses were performed at the laboratory of the clinic 

using bacteriological methods described by Schmitt et Schmitt (2001). The total number of samples 

per year varied from 211 to 366. Per year, the samples originated from 189 to 256 farms. The 

percentage of sterile and contaminated cultures varied from 9,5 to 34 % and 4,7 to 10,8% per year, 

respectively. It can be observed that prevalence of S. aureus and CNS are low in our region. The 

frequency of S. aureus infections decreased during the last 10 years.  S. uberis has been the dominant 

bacteria in our region for years. Only in 2011, the incidence of E. coli mastitis by-passed the frequency 

of S.uberis infections. From the data it can be concluded that preventive measures against mastitis 

should include measures against E. coli and S. uberis infections. The data of regional epidemiology can 

this way be used to inform farmers, to orient 
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Staphylococcus aureus (S. aureus) is one of the most important and best studied pathogens causing 

mastitis in dairy cows. The genotype B (GTB) is contagious and may occur in up to 87% of individuals 

of a cow herd. It causes considerable economic loss in the dairy industry. 

Materials and methods: Two-hundred pooled milk samples originating from 40 primiparous 

Mediterranean buffaloes kept in a farm close to Naples in the South of Italy were enrolled during the 

spring-summer period (May- June 2012). Fifty milliliters of pooled milk from all four quarters and 10 

ml from each quarter separately, were collected at days 10, 30, 60, 90 and 150 after calving. All 

samples were collected according to the guidelines of the National Mastitis Council for sterile 

collection of milk samples. Additionally, sterile gloves were worn. A complete clinical examination of 

the udder was performed in each animal. Daily milk production was recorded. Somatic cell count (SCC) 

and bacteriological cultures (BC) were performed on pooled milk samples. SCC values >200.000 

cells/ml with a positive BC and lack of clinical signs were indicative of subclinical mastitis. From the 

individual quarter samples, aliquots of 1 ml of the quarters of each cow were mixed and frozen at 

-20°C for molecular identification of S. aureus and genotyping later. After defreezing, milk was 

streaked on CHROM-agar S. aureus (CH) and Blood-agar plates to obtain single colonies typical of S. 

aureus and to verify the rate of sample contamination, respectively. Five colonies of each CH plate 

were subcultured on Blood-agar plates. Each of these colonies was analysed by nuc gene PCR for final 

identification of S. aureus, and for genotyping as described by Fournier et al. (2008). Means, standard 

deviation and t-test were performed, using IBM-SPSS®, 16.0.0, Unites States. 

Results: Forty-one samples (20.5%) were positive for S. aureus, all of which were identified as genotype 

B (GTB). One buffalo was positive at day 30 while 10, 22 and 8 were found positive at days 60, 90 and 

150, respectively. During the period of interest, 14 buffaloes were tested positive for S. aureus once, 6 

were positive twice and 5 were positive 3 times, while 15 animals were always negative. Seven animals 

showed clinical signs of mastitis at day 90 and 3 at day 150; only one animal showed clinical mastitis 

both at days 90 and 150. One buffalo each showed subclinical mastitis (SCC > 200.000 cells/ml and 

positive BC) at day 60, 90, 150 after calving, respectively, and the 28 buffaloes with udder infection 

(IMI; SCC < 200.000 cells/ml and positive BC for S. aureus) were cultured positive at days 30 (1), 60 (9) 

90 (14) and 150 (4). The buffaloes with clinical mastitis had higher mean SCC values (1.430.240 ± 

945.813, cells/ml ± SD) and lower mean daily milk productions (7.15 ± 1.49, litres/animal/day) than 

animals with IMI caused by S. aureus (71.954 ± 53.883 and 11.16 ± 1.80) and animals with subclinical 

mastitis caused by S. aureus (301.677 ± 58.654 and 10.33 ± 0.68). 

Discussion: Based on our knowledge, it is the first time that S. aureus GTB was identified in milk 

samples of Mediterranean buffaloes. Its role, incidence and prevalence in Mediterranean buffalo 

mastitis are unknown and such as its influence on the Mozzarella industry. Because clinical mastitis 

caused by S. aureus GTB is accompanied by increased SSC and reduced milk yield, further research to 

investigate its impact on the industry is warranted. 
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Mastitis is a frequent problem in Swiss dairy herds. One of the pathogens causing significant economic 

losses is Staphylococcus aureus (SAU). Many different SAU genotypes with different properties were 

described, among them SAU genotype B (GTB) being the most contagious and one of the most prevalent 

in Switzerland. Other genotypes might be associated with different risk factors than SAU GTB. The aim of 

this study was to identify risk factors associated with the herd-level presence of SAU GTB and SAU 

non-GTB in Swiss dairy herds with an udder health problem. 

One hundred dairy herds with a mean yield-corrected bulk milk somatic cell count (SCC) between 200,000 

and 300,000 cells/ml in 2010 were recruited and each farm was visited once during milking time. A 

standardized protocol investigating demography, mastitis management, cow husbandry, milking system 

and milking routine was completed during the visit. A bulk tank milk sample was analyzed by quantitative 

PCR for the presence of SAU genotype B in order to classify the herds in two groups: SAU-GTB positive 

and SAU-GTB negative. Moreover, quarter milk samples were collected aseptically for bacteriological 

culturing from cows with a SCC over 150,000 cells/ml. These results divided the SAU-GTB negative group 

in SAU non-GTB herds and non-SAU herds. Univariable multinominal logistic regression models were built 

to identify risk factors associated with the presence of SAU-GTB and SAU non-GTB. 

The overall herd prevalence of SAU was 54%, including 16% SAU-GTB herds. Risk factors for the presence 

of SAU GTB were: “never applying hyperemic ointment in case of acute mastitis” (vs. every time; OR 11.0 

(95%-CI 1.9-63.2), “never milking out in case of acute mastitis” (vs. every time; OR 7.0 (95%-CI 1.5-39.1), 

“never milking out in case of chronic mastitis” (vs. every time; OR 6.3 (95%-CI 1.1-34.6), “automatic signal 

(acustic or visual) in case of drop of milk flow below a certain value” (vs. continuous visual milk flow value; 

OR: 4.8 (95% CI 1.1 – 21.0) and “milking time” >120 minutes (vs. < 60 minutes; OR 13.0 (95%-CI 1.1-152.4). 

Protective factors against the presence of SAU GTB were: “no milk drops visible after milking” (vs. yes; OR 

0.2 (95%-CI 0.1-0.8), “no alpine pasturing of lactating cows” (vs. yes; OR 0.1 (95%-CI 0.03-0.5) and “optimal 

functioning of pipeline milking system” (vs. not optimal; OR 0.2 (95%-CI 0.1-0.8). Risk factors for the 

presence of SAU non-GTB were: “no systemic antimicrobials for treatment of acute” (vs. every time; OR: 4.2 

(95% CI 1.2 – 15.2) and “rinsing milking machine with alkaline products twice a day” (vs. alkaline products 

once a day; OR: 2.8 (95% CI 1.0 – 8.0). Protective factors for the presence of SAU non-GTB were: “no 

culturing of milk samples based on test day SCC” (vs. yes; OR 0.3 (95%-CI 0.11-0.92) and “not putting short 

straw on the lying surfaces” (vs. yes; OR: 0.2 (95% CI 0.1 – 0.7). Multivariable multinominal logistic 

regression models are currently being developed and will be presented at the conference. 

This is the first study identifying genotype-specific risk factors for SAU in Swiss dairy herds with udder 

health problems. The identification of risk factors will help defining possible intervention strategies to 

improve udder health in SAU GTB and SAU non-GTB positive herds. 
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Introduction 

Mastitis affects a high proportion of cows throughout the world and is without doubt still one of the most 

costly diseases for the dairy industry (Bradley, 2002). The financial losses associated with mastitis are 

mainly incurred by milk production losses, treatment costs, and culling (Huijps et al., 2008). Additionally, 

farmers supplying milk with high bulk milk somatic cell count may be losing out on bonus payments as 

well as incurring penalties. Mastitis also accounts for the largest proportion of antibiotic drug use in the 

dairy industry, strongly harming the image of milk as a high quality product. Indeed, herds with higher 

bulk milk somatic cell count have a higher risk of antibiotic residue violation because of their increased 

antibiotic usage (Ruegg and Tabone, 2000). Clinical mastitis has, in addition, its implications for animal 

welfare (Bradley, 2002). Treating infected cows also increases labor usage (e.g. time and efforts) and causes 

stress of which the consequences should not be underestimated as they are both perceived as the two 

most annoying aspects of mastitis by farmers (Jansen et al., 2009).  

Among the bacteria that cause bovine mastitis, Escherichia coli (E. coli) and Staphylococcus aureus (S. 

aureus) play an important role. Escherichia coli is often involved in hyperacute clinical mastitis cases 

characterized by abnormal appearance of milk, hard mammary quarters, depressed appetite, reduced milk 

production, and in worst case scenario dehydration, recumbency, and death.  Curative therapy with 

antibiotics remains only moderately effective and depends on the severity and stage at which the disease 

is treated. The most successful strategies for preventing and controlling coliform mastitis rely on 

improving the hygienic management. The severity of clinical symptoms can be reduced by prophylactic 

immunization with the E. coli J5 vaccine (Wilson and Gonzalez, 2003). The role of S. aureus in mastitis is 

worldwide and across many management systems. Intramammary infections with S. aureus are apparently 

not easy to control and many components of mastitis control programs are necessary to fully control S. 

aureus on dairy farms (Barkema et al., 2006). Such control programs include management procedures such 

as optimal milking routine, post milking teat disinfection, a well-functioning milking machine, and 

segregation of known infected animals, culling of long-term affected animals, treatment of infected 
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quarters and the use of dry cow therapy. More recently, the use of vaccines has become an additional tool 

in the control of S. aureus intramammary infections as well. This is especially valuable as antibiotic 

treatment of intramammary infections has come under scrutiny. 

In essence, vaccination is a form of active immunization entailing the introduction of a foreign molecule, 

e.g. bacteria or parts of the bacteria into the cow causing the cow itself to generate immunity via the 

production of antibodies specifically oriented against the target. Using this binding mechanism, an 

antibody can “tag” the bacteria for attack by other parts of the cow’s immune system such as 

macrophages and neutrophils, or can neutralize its target directly e.g. by blocking a part of the microbe 

that is essential for either its invasion or survival. Vaccines against E. coli primarily contain the inactive J5 E. 

coli strain, resulting in the formation of antibodies against the uniform component lipopolysaccharide 

(LPS) in the outer membrane of Gram-negative bacteria causing the severe symptoms associated with 

hyperacute E. coli mastitis cases. The latter explains why vaccination with J5-containing vaccins generally 

results in a less severe and shorter inflammatory response (Wilson and Gonzalez, 2003). Vaccines against S. 

aureus consist of either bacterins (= killed or avirulent/weakend S. aureus strains) or exopolysaccharides (= 

sugar residues secreted by bacteria in the surrounding environment). One of those exopolysaccharides is 

poly-N-acetylglucosamine (PNAG), a surface polymer produced by a variety of bacterial species, including 

S. aureus and Staphylococcus epidermidis. PNAG is an adhesion that facilitates bacterial cell-to-cell contact 

in biofilms. It was recently shown that bacterins from strong biofilm-producing S. aureus bacteria triggered 

the highest production of antibodies to PNAG and conferred the highest protection against infection and 

mastitis following intramammary challenge with biofilm-producing S. aureus bacteria. Thus, bacterins from 

strong biofilm bacteria were used to develop the novel vaccine Startvac® against S. aureus ruminant 

mastitis. 

The novel vaccine Startvac® contains inactivated E. coli (J5), inactivated S. aureus (CP8) SP 140 strain 

expressing Slime Associated Antigenic Complex (SAAC) and adjuvant. The vaccine has a label claim for 

reducing the incidence of subclinical mastitis and the incidence and severity of the clinical signs of clinical 

mastitis caused by coliform, S. aureus, and coagulase-negative staphylococci (CNS). Even though challenge 

trials have shown a certain degree of protection against E. coli and S. aureus bacteria, the ultimate value of 

the vaccine will need to be shown under commercial farm conditions. Estimation of vaccine efficacy under 

field conditions is therefore essential. Also, the immunological basis of its mechanism is still unknown. 

Hypothetically, protection by vaccination could be the result of an increased opsonization via increased 

antibody concentrations in blood and milk and eventually a more efficient phagocytosis and killing of 

bacteria. Direct enhancement of the polymorphonuclear neutrophilic leukocyte (PMNL) viability and 

activity could be another potential mechanism of action. Although both hypotheses are plausible, none of 

them has yet been truly investigated.  

In this report, we will focus on the efficacy of the vaccine against S. aureus only and the differences in 

immunological response between vaccinated and non-vaccinated animals. The design of a field trial for the 

estimation of the efficacy of the new vaccine against S. aureus will be discussed and the first preliminary 

results will be presented. Also, the effect of administration of the novel vaccine on the immunological 

response to an experimental intramammary inoculation with a killed S. aureus strain in vaccinated and 

non-vaccinated lactating dairy cows is described. Preliminary results of the efficacy of the vaccine against 

E. coli in the field will be presented at the conference. 

 

Efficacy of Startvac® vaccination against S. aureus  

 

Background 

Estimation of vaccine efficacy is complex and it is important to fully understand the potential components 

of vaccine efficacy that may be affected by the vaccine under consideration. In Figure 1, four components 

of the infectious process that may be affected by a vaccine are shown in a simplified schematic. The first 

component is the impact of vaccinations on the rate of new infections. This represents the classic vaccine 

effect, whereby the vaccine reduces the susceptibility of not infected individuals such that no or fewer 
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infections take place. The second component is the impact of vaccination on the infectiousness of an 

infected individual. The vaccine reduces the amount of shedding of infected but vaccinated individuals 

compared to non-vaccinated infectious individuals. As S. aureus is a mammary pathogen that may be 

transmitted from cow-to-cow, a reduction in the infectiousness of a vaccinated individual would be 

valuable. This reduction in infectiousness was also observed in the reported challenge trials (Pérez et al., 

2009). The third component is the impact of vaccination on the cure of infection. Vaccinations may result 

in a shorter duration of infection. The duration is essentially the inverse of cure, so a higher cure will result 

in a shorter duration. The fourth and final component of vaccine impact is the reduction in progression of 

infection from subclinical to clinical mastitis. As clinical mastitis results in milk discard, treatment and 

animal sickness, a reduction in progression of infection would be of value to the dairy industry. To evaluate 

vaccine efficacy of a S. aureus vaccine under field conditions, all four components of vaccine efficacy 

should be evaluated and preferably quantified separately. The design and analysis of vaccine evaluation 

studies has been the topic of many recent studies, and progress in this field of science allows the execution 

of field trials that are able to provide insight in most if not all component of vaccine efficacy.  

 

 
 

Figure 1. Schematic representation of the infectious processes where vaccination may play a role. Four 

processes are represented:  susceptibility to new infections, infectiousness, cure of infection and progression 

to clinical disease. 

 

Study design 

The study to estimate vaccine efficacy was a randomized negative control field trial, whereby animals in 

two herds were randomly assigned to either vaccination or no-treatment controls. The two dairy herds 

were selected based on herd size (480 lactating cows in total), known prevalence of S. aureus, ability to 

keep records, participation in dairy herd improvement monthly test day measurements and the willingness 

and interest of the owners to participate in the study. One of the herds was overseen by staff of Università 

degli Studi di Milano, the other herd was overseen by the herd’s private practitioner (FT). 

Vaccination of cows was done according to label, with a total of three doses of the vaccine, with the first 

injection at 45 days before the expected parturition date; the second injection 35 days thereafter 

(corresponding to 10 days before the expected parturition date); and the third injection 62 days after the 

second injection (equivalent to 52 days post-parturition). The full immunization program was repeated 

with each gestation. Both pregnant heifers and cows in lactation 1 and higher were included in the trial. 

Vaccination took place according to the design shown in Figure 2. For the first 6 months, all heifers and 

cows in late gestation were vaccinated. After 6 months, or until approximately 50% of animals in the herd 

had been enrolled in the vaccination program, vaccination was done on only 50% of animals.  

By vaccinating all animals for the first 6 months, the objective of 50% vaccination was reached as fast as 

possible. After the initial 100% vaccination period, true randomization happened thereafter. This design 

allows us to evaluate vaccine efficacy starting 6 months into the study. The herds will be followed for 

Not infected Infected 

New infections 

Cure 

 

 

SC C 
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another 12 months after the first period of 100% vaccination of cows in late gestation. The vaccine is 

administered intramuscularly.  

Sampling of all quarters of all lactating cows takes place on a monthly interval. Also, cows that have calved, 

dried-off, have a case of clinical mastitis or cows that are being removed from the herd are sampled by 

herd personnel. On all samples a somatic cell count will be measured. All samples are cultured at the 

mastitis laboratory of Università degli Studi di Milano. All S. aureus and CNS isolates are frozen for further 

analyses. For all bacterial species, and approximate colony count will be performed. At the completion of 

the study, it is expected that approximately 40,000 samples will have been collected. The ultimate outcome 

of the study will be an estimate of vaccine efficacy. Vaccine efficacy for susceptibility is calculated as: VEs = 

1 – Relative risk of infection in vaccinated versus controls. Similarly, the vaccine efficacy for cure is: VEc = 1 

- Relative risk of the duration of infected in vaccinated versus control. The vaccine efficacy for 

infectiousness and progression to clinical can be calculated. 

 

 

 
Figure 2. Design of a within herd randomized controlled trial to estimate the efficacy of a S. aureus vaccine.  

 

 

By using a within herd randomized controlled design, vaccinated and controls cows will be comparable 

with regard to all housing, environment and management variables with the exception of their vaccination 

status. This allows for a valid comparison of vaccinated and controls. The disadvantage of such a design is 

the bias towards no-effect that is inherent in such a design. Because non vaccinated control cows are 

partly protected by their vaccinated herd mates, they will show a lower incidence of infection. At the same 

time, the vaccinates are exposed to more infectious material due to the fact that they are surrounded by 

non-vaccinated herd mates. Hence, control are less exposed and likely less infected, while vaccinates are 

more exposed and likely more infected compared to a situation that the whole herd was either not 

vaccinated or fully vaccinated. As a result the difference between vaccinated and controls is likely smaller 

compared to a comparison of fully vaccinated and fully non-vaccinated herds. The difference in infection 

risk in a within herd randomized vaccination trial is called the direct vaccine effect. The difference in 

infection risk in non-vaccinated animals between a fully non-vaccinated herd and a randomized vaccinated 

and control herd is called the indirect vaccine effect. The sum of these two effects is called the total 
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vaccine effect. A pictorial summary of these vaccine effect estimates is shown in figure 3. The comparison 

of a fully vaccinated and a fully non-vaccinated herd will allow the calculation of the overall population 

vaccine effect. The latter estimate is the most relevant vaccine effect when vaccinations are applied to 

populations of animals rather than to individual animals. Depending on the vaccine and the vaccine usage 

on a farm, the direct vaccine effect of the overall population vaccine effect will be the most valid estimate 

for a specific vaccine. 

 

 
 

Figure 3. Study designs for vaccine efficacy estimation and the relevant vaccine effects for each study design. 

 

 

The precise field study as developed for the Startvac® vaccine will eventually allow the calculation of all 

four vaccine efficacy estimates (susceptibility, cure, infectiousness and progression). To allow for a 

correction of the direct vaccine effect for the bias towards no effect, a mathematical modeling approach 

will be used to obtain an unbiased estimate of vaccine efficacy. To be able to obtain an unbiased estimate, 

the risk of new infections in the vaccinated and non-vaccinated control population will be modeled as: 

New infectionsv = v . #negativev . #positivev+c  

New infectionsc = c . #negativec . #positivec+v 

The number of new infections is modeled as a function of a transmission parameter, , multiplied by the 

number of culture negative quarters and the number of positive S. aureus shedding quarters. In these 

equations, v is for vaccinates and c is for non-vaccinated controls. The unbiased vaccine efficacy (VE) for 

susceptibility can then be calculated as: 

 

 

 

 

Preliminary results  

The randomized controlled field trial is approximately halfway it full length. Cows have been vaccinated for 

about one year and in both herds the vaccination schedule has now changed to a 50%/50% allocation of 

vaccinated and controls. In both herds, data is of high quality with very few missing values. Prevalence of S. 

aureus in the herd is approximately 10%, while the prevalence of CNS is approximately 5%. These relative 

high prevalences indicate that sufficient challenge is present in both herds. 

The initial results during the first months of the valid comparison of vaccinates and controls after the start 

of the randomized 50%/50% vaccination schedule shows a lower incidence of new S. aureus infections in 

vaccinated animals versus control animals. These initial data show a vaccine efficacy for susceptibility of 
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approximately .57 or 57%. No difference between vaccinated and controls is observed in average colony 

forming units in S. aureus infected cows. However, the average duration of infection of a S. aureus infection 

is shorter in the vaccinated animals compared to the non-vaccinated control animals. The difference in 

duration of infectious period is shown in Figure 4. A first estimate of vaccine efficacy of cure was calculated 

as .73 or slightly over 70%. These initial estimates of vaccine efficacy for S. aureus are based on relative 

small numbers and need to further confirmed during the remaining months of the study. 

 
Figure 4. Time to cure or end of observation period for S. aureus infections in either vaccinated cows (red line) 

or non-vaccinated control cows (blue line). 

 

 

Immunological response to a killed S. aureus strain 

 

To unravel the (innate) immunological response after administration of the novel vaccine, a challenge trial 

was set-up. In that trial, the effect of vaccination on milk PMNL viability and concentration as well as on 

the antigen-specific antibodies anti-SAAC and anti-J5 was determined and several clinical parameters were 

observed. 

 

Study design 

Eight clinically healthy cows and heifers were selected at the research dairy farm of the Faculty of 

Veterinary Medicine, Ghent University, Belgium (Agri-Vet). Four animals were vaccinated intramuscularly at 

45 days and 10 days before the expected calving date with the Startvac
®

 vaccine (HIPRA, S.A., Amer, Spain) 

containing the inactivated Escherichia coli J5 strain and the Staphylococcus aureus SP 140 strain expressing 

Slime Associated Antigenic Complex (SAAC) (Prenafeta et al., 2010). At 15 days in milk (DIM), two 

contra-lateral quarters of each of the eight cows were inoculated with the formaldehyde killed 

Staphylococcus aureus C 195 strain (HIPRA, S.A., Amer, Spain) 2 hours after morning milking. The two other 

quarters were inoculated with phosphate buffered saline (PBS) and served as control quarters. Duplicate 

quarter milk samples (5 ml) were aseptically collected for bacteriological culturing and determination of 

the somatic cell count (SCC) at different time points before and after inoculation (Table 1). Bacteriological 

culturing was performed at several time points to exclude interference with naturally occurring 

intramammary infections. Additionally, quarter milk samples (200 ml) were collected for the quantification 

of PMNL viability at different time points between 15 and 17 DIM (Table 1). 
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Table 1: Sample overview 

 

 Days before 

calving 
Days into milk 

Tasks 45d 10d 
2-6d 10-14

d 

15d 

-2h 

15d 15d 

+4h 

15d 

+12h 

16d 17d 

Vaccination1 
 × × 

        

Challenge       ×     

Collection of milk samples: 

- Somatic cell count   
× × ×  × × × × 

- Bacterial culture 
  

× × ×  × × × × 

- PMNL2 
   

 ×  × × × × 

1 
Four of the eight cows were vaccinated. 

2 
Polymorphonuclear neutrophilic leukocytes 

 

 

Laboratory analyses 

Bacteriological culture was done as previously described (Piepers et al., 2007) and performed at the lab of 

the Mastitis and Milk Quality Research Unit (Merelbeke, Belgium). Quarter milk SCC (qSCC) was quantified 

by electronic counting (Direct Cell Counter, De Laval, Gent, Belgium).  

The milk used to isolate PMN was divided into several 50 ml Falcon-tubes and diluted 1:1 with PBS. All 

tubes were centrifuged (600×g) during 15 minutes, the cream layer and supernatant were removed, and 

each pellet was suspended into 10 ml PBS. Two pellets were merged together and again centrifuged 

(200×g) during 10 minutes, this was repeated two more times. Subsequently, milk PMN were differentiated 

from other milk cells by a two-step fluorescent immunolabeling using a primary anti bovine monoclonal 

granulocyte antibody (CH138A) (VMRD Inc., Pullman, WA, USA) and an Alexa 647 labeled goat anti mouse 

IgM secondary antibody (Molecular Probes, Invitrogen, Nederland) as previously described (Piepers et al., 

2009). To identify apoptotic and necrotic PMN, a double fluorescein isothiocyanate (FITC)-annexin-V 

(Roche, Indianapolis, IN, USA) and propidium iodide (PI) (Sigma-Aldrich, Bornem, Belgium) staining was 

used. PMN that were positive for FITC and negative for PI were considered as (early) apoptotic whereas 

PMN that were positive for both FITC and PI were considered necrotic. Polymorphonuclear neutrophilic 

leukocytes that were negative for both stains were considered viable (Piepers et al., 2009; Van Oostveldt et 

al., 2001).  

The concentration of the antigen-specific antibodies anti-SAAC and anti-J5 in blood and milk was 

determined as previously described (Prenafeta et al., 2010).  

 

Statistical analyses 

Linear mixed regression models adjusting for clustering of repeated measurements within quarters as well 

as for clustering of quarters within cows were fit to evaluate the association between the cows’ vaccination 

status before calving and the evolution of qSCC, milk PMNL concentration (Log10PMNL), and milk PMNL 

viability (expressed as the proportion of viable PMNL), respectively, in both the inoculated and control 

quarters. A similar model was fit to evaluate the association between vaccination at 45 and 10 days before 

calving and the  concentration of the antigen-specific antibodies anti-SAAC and anti-J5. 

 
Results 

All animals remained clinical healthy during the trial period. Challenge did not affect clinical parameters 

such as heartbeat rate, respiration rate, manure consistence or appetite. The average body temperature 2 

hours before inoculation was 38.6°C and 38.8°C for the vaccinated and non-vaccinated animals, 



52 
 

respectively, and did not significantly differ between both groups. In both groups, body temperature 

slightly increased between 15 and 17 DIM. 

The average daily milk yield (MY) per cow was 33.2 liter at the onset of the trial. In the non-vaccinated 

group average daily MY decreased from 34.2 liter/day at 15 DIM to 30.5 liter/day at 16 DIM (P = 0.06). In 

the vaccinated group, no significant differences in average daily MY were observed over time. In both 

groups of animals, the qSCC of the challenged quarters increased over time. The difference in qSCC 

between the control and inoculated quarters was substantially higher in the non-vaccinated animals 

compared with difference in vaccinated animals (P < 0.05). Interestingly, in the vaccinated group the 

increase of the qSCC in the infected quarters was not significantly different from the qSCC in the control 

quarters (Figure 5). Similar results were obtained for the milk PMNL concentration (Figure 6). The 

preliminary results on average daily MY and qSCC correspond well with the findings of other studies 

(Nickerson et al., 1999; Middleton et al., 2006). The difference in PMNL viability between inoculated and 

control quarters during the trial period did not depend on the vaccination status of the animal. 

The blood concentration of both anti-SAAC and anti-J5 substantially increased during dry period in the 

vaccinated animals only (P < 0.05). Vaccinated animals had a significantly higher anti-SAAC and anti-J5 

blood concentration at the time of calving than the non-vaccinated animals (P < 0.05) (Figure 7). The milk 

concentration of anti-SAAC from 15 up to 17 DIM was significantly higher in vaccinated animals than in 

non-vaccinated animals, independently from the infection status of the quarters (P < 0.05). Although from 

15 up to 17 DIM a numerically higher milk concentration of anti-J5 was observed in vaccinated than in 

non-vaccinated animals, the difference was not significant. 

 

 

 
Figure 5: The evolution of the natural log-transformed quarter milk somatic cell count (qLnSCC) (± standard 

error) for non-vaccinated control quarters, vaccinated control quarter, vaccinated challenged quarters, and 

non-vaccinated challenged quarters.  

 

Challenge 
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Figure 6: The evolution of the log10-transformed quarter concentration of polymorphonuclear neutrophilic 

leukocytes (Log10PMNL) (± standard error) for non-vaccinated control quarters, vaccinated control quarter, 

vaccinated challenged quarters, and non-vaccinated challenged quarters.  

 

 

 

 

 
 

Figure 7: The evolution of the antigen-specific antibody concentration in blood (± standard error) of 

anti-SAAC for non-vaccinated animals and vaccinated animals.  
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Discussion and conclusions 

Estimation of vaccine efficacy of contagious mastitis organisms under field conditions is an interesting 

challenge. The design of a randomized controlled trial is even more complicated if vaccination is limited to 

late gestation so that the number of vaccinated individuals increases only slowly over time. Vaccine 

efficacy has at least four components and intensive longitudinal studies are necessary to be able to 

estimate the four different components of vaccine efficacy. Ultimately all these four components will 

contribute to the success of a vaccine, whether measured in infection dynamics in a population or in the 

economic benefit of vaccination. The first results of a large longitudinal field trial indicate an acceptable 

efficacy of the Startvac® vaccine for susceptibility and cure of intramammary infections with S. aureus. 

However, several months of additional data are essential to further confirm and stabilize the initial 

estimates of vaccine efficacy. When the final efficacy estimates are available, further economic modeling 

will be possible to define the cost-benefit ratio of the Startvac® vaccination program. Preliminary results 

of the efficacy of the novel vaccine against E. coli in dairy herds will be presented at the conference.  

Based on the preliminary results of the challenge trial, vaccinated cows seem to undergo a less severe 

inflammatory reaction after inoculation compared to non-vaccinated animals. This could possibly explain 

why no change in daily MY was observed in the vaccinated animals, while the non-vaccinated animals 

suffered from a substantial drop in milk production in the first days after challenge. The higher anti-SAAC 

and anti-J5 blood concentration might result in a more pronounced humoral specific immune response 

and thus eventually in a shorter duration of the infection. Also, the higher anti-SAAC concentrations in milk 

might trigger the opsonization of the inoculated S. aureus bacteria and partly explain why vaccinated 

animals suffered from a less severe inflammatory reaction than the non-vaccinated animals.  

Further research is definitely needed before final conclusions on the impact of vaccination in late gestation 

with the novel vaccine Startvac® on the cows’ (innate) immune response and their susceptibility for new 

intramammary infections and cure of intramammary infections can be drawn. 
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Two years after the introduction of Schmallenberg Virus to European farms, what 

did we learn, what can we expect? 
 

Norbert Stockhofe-Zurwieden 

 

Central Veterinary Institute, Part of Wageningen UR, Lelystad Netherlands 

 

When in August 2011 an undiagnosed disease with hyperthermia, drop in milk production and diarrhea 

occurred in North-West German and Dutch dairy herds nobody expected that it would be related to 

extensive outbreaks of fetal malformations, stillbirths and behavioral changes in newborn lambs and calves 

in the following winter. The common etiology was a newly identified vector-borne virus, Schmallenberg 

virus (SBV), which spread in less than 2 years to most of the European countries. Genomic analysis of this 

virus classified it in the genus of Orthobunyavirus, closely related to Sathuperi and Shamonda viruses. 

Another virus of this genus, the Akabane virus is already known for a long time and some similarities in 

pathogenicity are striking between both viruses. Several aspects of virus pathogenesis, immunology and 

diagnosis will be highlighted.     
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Demonstration of efficacy against challenge of an inactivated Schmallenberg 

vaccine in cattle and sheep  
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Introduction 

In August 2011, outbreaks of an unknown disease of cattle were reported in Germany. From December 

2011, foetal abnormalities were reported in sheep/cattle in several European countries. “Schmallenberg 

virus” (SBV) was identified in November 2011 and was associated with both conditions. SBV belongs to 

Orthobunyaviruses, a group that includes many viruses occurring in the Tropics. The transmission of SBV 

seems primarily spread by biting insects. 

Herein, we present 2 studies demonstrating that administration of an inactivated SBV vaccine either to 

cattle (2 injections) or sheep (single injection), was able to prevent viraemia. 

 

Material and Methods 

Calves: randomly allocated to 1 Vaccinated (n=5) and 1 Control (n=5) group.  

Vaccination on D0 and D21, 1 mL of vaccine (Merial).  

Challenge of all calves on D42 with a virulent SBV. All calves were monitored for temperature, clinical signs  

and viraemia (RT-PCR) from D43 to D52. 

Lambs: randomly allocated to 1 Vaccinated (n=5) and 1 Control (n=6) group.  

Vaccination on D0, 1 mL of vaccine (Merial).  

Challenge of all lambs on D21 with a virulent SBV. All lambs were monitored for temperature, clinical signs 

and viraemia (RT-PCR) from D22 to D31. 

 

Results 

Hyperthermia/Clinical signs: no significant clinical sign nor hyperthermia in any group.  

Viraemia (qRT-PCR): In both species, all controls were positive on at least 3 days. No vaccinate was ever 

detected positive. 

 

Conclusion 

Vaccination of cattle (2 injections, 3 weeks apart) or of sheep (single injection) with the product provided 

prevention of viraemia against a SBV challenge. 
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Pain Management – Animal Welfare – Lameness 

Sole ulcers in cattle – the role of biomechanical factors 
 

K. Nuss 

 

Department of Farm Animals, Vetsuisse-Faculty, University of Zurich, Switzerland 

 

Preface 

Specific traumatic sole ulcers are caused by predisposing static mechanical factors, and in almost all cases, 

affect the outer claw of the hind foot. The processes involved in formation of sole ulcers start within the foot 

and progress outward. Thrombi that form at pressure points in the horn are not the cause of the lesions, but 

rather are the result of compression attributable to inward rotation of the third phalanx around its proximal 

axis. This theory is supported by the observation that ulcers always occur at a typical site near the inner 

weight-bearing border of the hoof wall at the transition between sole and heel. Connective tissue, elastic 

fibres and adipose tissue form a pad between P3 and the corium. Predisposing factors for sole ulcers include 

high milk production, tie-stall confinement, stage of pregnancy with occurrence of sole ulcer(s) some time 

after calving, uncomfortable, poorly-bedded resting areas, overstocking, sloping cubicles, excessive 

weight-bearing and poor foot care. The previous passage (italicised) is an excerpt from a study published by 

Rusterholz (Rusterholz, 1920). Do we know more about sole ulcers today? This presentation attempts to 

shed some light on new aspects of this topic. 

 

Introduction 

Prevalence of sole ulcers 

Sole ulcers, also referred to as Rusterholz ulcers, are painful and constitute a major cause of lameness in 

dairy cows (Weaver, 1975, Murray et al., 1996, Manske et al., 2002, Sogstad et al., 2005b, Capion et al., 

2008, Tadich et al., 2010, Barker et al., 2010, van Amstel and Shearer, 2006). They are also associated with 

reduced production and fertility and high treatment costs (Hultgren et al., 2004, Bach et al., 2007, Green et 

al., 2002, Hernandez et al., 2005, Warnick et al., 2001). In a study of risk factors for several foot lesions, sole 

ulcer was among those that were associated with an increased culling risk (Cramer et al., 2009, Machado et 

al., 2010). The prevalence of sole ulcers ranged from 4.2 % to 27.8 % (Martig et al., 1979, Capion et al., 

2008, Bicalho et al., 2009, Amory et al., 2008) and was higher in free stalls (9.2 %) than in tie stalls (4.7 %) 

(Cramer et al., 2008). In another study from the UK, the most common lesions were sole ulcer (27%), 

followed by white line disease lesions (20%) and digital dermatitis (16%) (Amory et al., 2008). In a Swedish 

study, 60% of 5´000 cows examined had sole haemorrhages (the initial stage of sole ulcer and white line 

disease), 8.6% had sole ulcers and 5% were lame (Manske et al., 2002). 

 

Sole ulcers and pain 

Although sole ulcers are very painful when hoof testers are applied to the affected claw, they do not 

always result in lameness (Shearer et al., 2013). Cows may try to hide their pain and therefore do not 

appear lame or may have sole ulcers on both hind feet (Logue et al., 1998, Manske et al., 2002, Barker et 

al., 2010). A large proportion of lesions including sole haemorrhage, the precursor to an ulcer, and sole 

ulcers proper cannot be diagnosed during a clinical lameness examination. Of 96% of cows with a 

minimum of one lesion and 5.5% of which had sole ulcers, only 1.2% were lame (Smits et al., 1992). 

Kinematic gait analysis did not reveal a difference between locomotion of sound cows and cows with sole 

haemorrhages (Flower et al., 2005, Flower et al., 2006, Flower et al., 2008). However, a recent study showed 

that sole ulcer has a marked effect on gait with severe changes in stride length as well as an effect on 

spine posture; there was a significant reduction in spine length during walking compared with standing 

(Blackie et al., 2013). These marked changes in gait are attributable to pain associated with sole ulcers.  
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Treatment of sole ulcers 

Superficial sole ulcers are seen so frequently in veterinary practice that research into their treatment and 

healing has rarely been carried out (Potterton et al., 2012). Therefore, the relative importance of aspects of 

current clinical practice (therapeutic foot trimming, bandaging, orthopaedic block, topical antibacterial 

agents, granulation tissue removal, intravenous regional anaesthesia/antibiotics (IVRA), NSAIDs, cautery, 

systemic antibiotics, aftercare/management during the recovery period) have not been investigated in 

well-designed clinical trials (Huxley, 2012, Horseman et al., 2013).  

The healing of sole ulcers in 301 cows with 433 uncomplicated claw lesions, mostly sole ulcers and white 

line lesions, was the topic of a monograph (Lischer, 2000, Lischer et al., 2001). Treatment in tie stalls 

consisted of functional foot trimming, removal of loose horn while preserving the corium, aseptic 

treatment of the corium with chlorhexidine and protection of the wound with a bandage in one group. A 

block was placed on the partner claw in another group of cows that were pastured in alpine regions and 

treated experimentally. The first bandage change was on day 3 to 4 and the second on day 10 to 14; 

subsequent bandage changes were done every 10 days until the ulcer was covered in a solid layer of horn.  

The time required for epithelialisation was the criterion for healing (Lischer, 2000). The average healing 

time of uncomplicated sole ulcers when a block was used was 14 days. When only a bandage was used 

without a block on the partner claw, the healing time was 25 days. Using a block promoted faster 

epithelialisation and resulted in better horn quality. A prognosis could be made based on evaluation of 

healing 30 days after the start of treatment: Lesions that were well re-epithelialised had a good prognosis 

and those that did not had a poor prognosis. Forty per cent of cows that were treated with a bandage 

alone had one or more recurrences, and more than half required treatment for sole ulcer in the following 

lactation. Only one third of the cows were still alive two years later and the most common reason for 

culling was lameness because of recurrence of sole ulcers (Lischer, 2000). The author felt that the high rate 

of recurrence was attributable to non-healed lesions of the corium. The importance of early intervention in 

sole ulcers was emphasized in this paper as well as more recent studies (Potterton et al., 2012); early 

treatment leads to faster healing compared with cases in which therapy is delayed. 

 

Biomechanical factors 

Shifting of the cow’s centre of gravity 

The application of wedge-shaped metal shoes that shifted the region of ground contact to the heel area 

resulted in sole ulcers (Smedegaard, 1964b, Smedegaard, 1964a). Such inclination of the claws occurs 

naturally when the dorsal wall is too long or when there are slanted resting surfaces and the cow remains 

standing because she will not (uncomfortable stall) or cannot lay down (narrow tie stall). Standing with the 

front feet in the stall and the hind feet in the manure gutter (perching) is also considered to be detrimental 

to claw health. Perching time during the 2 weeks before calving was significantly longer for animals that 

developed lesions (Fregonesi et al., 2009, Potterton et al., 2012). However, the proportion of 

weight-bearing by the front and hind legs was not affected by elevation of the front legs (Chapinal et al., 

2009). Our preliminary studies in young heifers showed that increasing the height of the front feet by 5° 

leads to a very small shift of the centre of gravity toward the hind limbs (Weidmann et al., 2013). In 

perching, the weight was shifted more toward the hind limbs, although the change was still relatively 

small. Although this indicates that standing on a slanted surface leads to only a small shift in body 

weight/centre of gravity, there have been no studies on the long-term effects of this. In a study on the 

association between pregnancy and sole ulcers, it was shown that the weight of the fetus did not result in 

a shift in the centre of gravity, which contradicts the idea that weight overload occurs on the hind limbs 

during pregnancy. However, there was an increase in weight load with a full udder and the weight was 

borne mainly by the hind limbs. A full udder increased gait score by 0.3 +/- 0.1 and particularly 

abduction/adduction of the back legs (increased by 83%)(Chapinal et al., 2009). Cows were shown to have 

only limited ability to shift weight from front to back hooves in response to an uncomfortable surface. 

They placed more weight on the back hooves when both front hooves were standing on uncomfortable 
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surfaces, but no change was observed when back hooves were on uncomfortable surfaces (Neveux et al., 

2006).  

 

The digital cushion 

The anatomical structure of the ‘shock absorber’ mechanisms of the claw, particularly the digital cushion, 

was only recently investigated in detail (Räber et al., 2004). The digital cushion plays the main role in shock 

absorption because most of it is situated posterior to the navicular bone and therefore does not take part 

in weight bearing. Three longitudinal rolls of fat underneath P3 are responsible for break- over and 

cushioning when the limb is positioned perpendicular to the ground. The structure of the digital cushion 

was shown to vary with age: Loose connective tissue in heifers was first replaced by fat. After the third 

lactation, the fat was gradually supplemented with collagenous connective tissue (Räber et al., 2004), which 

can be an important factor in the development of sole ulcers. An additional factor was the inflammatory 

process that followed from compression of the solar corium, which appeared to negate the cushioning 

effect of the adipose tissue beneath the pedal bone (Lischer, 2002). It was speculated that manipulating 

the fat content and other components of the digital cushion to improve its protective function could be an 

additional approach to reducing claw problems (Raber et al., 2006, Baird et al., 2010). Based on these 

studies, it was found that cows with thin digital cushions had a higher prevalence of sole ulcers or white 

line lesions, possibly related to the occurrence of contusions of the corium (Bicalho et al., 2009). In that 

study, thinner cows had thinner digital cushions. In support of this, Hoedemaker et al. (2009) 

demonstrated that cows with lower BCS at calving and in early lactation were at higher risk of lameness 

(Hoedemaker et al., 2009). However, the causal relationship between these phenomena remains to be 

confirmed (Telezhenko et al., 2007). These observations do not explain the predisposition of the lateral 

claw of the hind limb to sole ulcer. 

Mechanical injury was also seen in thin-soled dairy cattle where the protective function of sole horn 

became inadequate, particularly on hard walking surfaces (Van Amstel et al., 2004). Erosion of the heel also 

causes increased pressure on the heel-sole junction and a predisposition for sole ulceration (Toussaint 

Raven, 1985, van Amstel and Shearer, 2006). The thickness of the subsolar soft tissue layer (dermis and 

subcutaneous tissue) of the lateral and medial hind limb claws of 23 Holstein dairy cattle was measured 

using ultrasonography. On average, the subsolar soft tissue layer of the lateral hind claw was significantly 

thicker (4.29 mm) than that of the medial hind claw (3.92 mm) (Van Amstel et al., 2004). The results of that 

study suggested that the soft tissue of the lateral claw underwent hypertrophy which caused the difference 

in the thickness of the soft tissue layers of the two claws. A recent study measured the distance between 

the external sole surface and P3 in first-lactation cows from day 10 to 220 post calving (Laven et al., 2012b, 

Laven et al., 2012a). There was wide variation of measurements (from 5.6 to 14.9 mm for lateral claws) even 

though the animals had been reared together at pasture. After calving, there was no continuous decrease 

in the distance with time, and in some heifers the distance (the thickness) increased (Laven et al., 2012a). 

These findings indicate that developmental processes of the digital cushion are complex and require more 

study. 

 

The suspensory apparatus 

The suspensory apparatus is an important part that serves to transfer the pressure of the body weight to a 

tractional force at the level of the wall of the claw (Mülling & Greenough, 2006). The suspensory apparatus 

consists of a system of dense collagenous fibres extending between P3 and the epidermal lamellae of the 

hoof wall, thereby suspending P3 within the claw capsule (Westerfeld, 2003). The suspensory apparatus is 

considerably less extensive at the axial part of the claw capsule and in this area is absent from the region 

of the insertion of the deep flexor tendon and from the region of the digital cushion. Consequently, 

stretching of the fibres of the suspensory apparatus allows slight displacement and rotation of P3 toward 

the axial groove, which is part of the shock absorbing mechanism. Rusterholz (1920), Smedegaard (1964a 

and b) and Toussaint Raven (1985) pointed out the connection between the asymmetrical suspension of 

P3, its rotation under load and the development of sole ulcers. When P3 is loaded, the asymmetry in 
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suspension causes it to tilt in an axial direction and to compress the soft tissues underneath (Lischer, 2002). 

If the axial groove is not established (Toussaint Raven, 1985, van Amstel and Shearer, 2006) and the cows 

are kept on hard surfaces, this displacement also predisposes to sole haemorrhages. Continuous 

displacement leads to compression of the solar corium, leading to vascular compromise, ischemia due to 

congestion, oedema and thrombosis, interrupted keratogenesis and finally sole ulcer (van Amstel and 

Shearer, 2006). 

The pathogenesis of sole ulcer has been linked to vascular changes related to laminitis (Boosman, 1990, 

Boosman et al., 1989, Ossent and Lischer, 1998, Greenough and Vermunt, 1991, Greenough et al., 1990, 

Vermunt, 2000). By the end of the last century, it was “widely accepted by workers in the Northern 

Hemisphere that most bovine claw lesions (and thus lameness) originate from contused tissue within the 

horn capsule; usually with laminitis as an underlying cause” (Lischer, 2002) and that many claw lesions in 

laminitic animals occurred in conjunction with distal displacement of P3 (Ossent and Lischer, 1998). 

However, while displacement of P3 of the lateral hind claws was observed, the medial P3 of cows with 

ulcers was rarely displaced and did not differ from that of sound cows (Lischer, 2002). A surprising finding 

was that there were no pathological changes in the laminae of the lateral claw in spite of a marked 

displacement of P3. Gross as well as histological examination of the lamellae of the wall of the outer claw 

revealed no difference between cows with ulcers and healthy control cows. Similarly, there were no 

apparent signs of repair in the form of hyperkeratosis and thickening or lengthening of the epidermal 

leaflets. These findings casted doubts on the theory that laminitis is a major cause of sole ulcer (van Amstel 

and Shearer, 2006), but displacement of P3 can nevertheless occur as a result of laminitis.  

Sinking of P3 must have other causes and be related to other changes in the suspensory apparatus. The 

calving event appears to be involved in the occurrence of sole ulcer because of a striking temporal 

association between the two events; sole ulcers are most common during the first two months after 

calving (Leach et al., 1997, Leach et al., 1998, Enevoldsen et al., 1991, Capion et al., 2009). In addition, risks 

associated with increased incidence of sole ulcer were parity 4 or greater. The prevalence of sole ulcer was 

4.2 and 27.8% for parity 1 and parity >1, respectively (Bicalho et al., 2009, Barker et al., 2009). Tarlton et al. 

(2002) demonstrated a loss of supporting strength within the laminae in the weeks immediately before 

and following parturition, and others showed that the distal phalanx was more mobile during this period. 

The laxity of the suspensory apparatus of P3 is believed to be associated with hormonal changes that 

accompany parturition and lactation (Tarlton et al., 2002, Huxley, 2012). With respect to the type of floor 

surface, the severity of sole lesions was significantly greater in heifers housed in cubicles (hard flooring) 

compared with straw yards (soft flooring). Lesions were also more severe in lactating or pregnant heifers 

than in non-bred heifers (Knott et al., 2007). The results indicated a ‘‘parturition effect’’ that caused 

non-inflammatory changes in connective tissue of the claw and impaired the resilience of the feet to 

external stresses associated with poor housing.  

These studies together with the work by Lischer et al. (2002) suggest that sinking of P3 in the absence of 

separation of the corium from the laminae (laminitis) is possible, most likely because of normal transient 

softening of the suspensory apparatus associated with hormonal changes related to parturition. This may 

be exacerbated by increased mechanical stress suffered by the lateral hind claw on hard ground, which 

appears to cause permanent overstretching of the suspensory apparatus. The increased prevalence of sole 

ulcer in older cows, which commonly incur sole ulcers and recurrence at subsequent calvings, and the 

generally high recurrence rate in cattle previously affected (Enevoldsen and Gröhn, 1990, Lischer, 2000, 

Sogstad et al., 2005a) strongly indicate that the suspensory apparatus undergoes chronic overextension. 

 

Differential mechanical loads of the medial and lateral claws 

Uneven distribution of ground reaction forces and pressure on the claws is considered an important factor 

in the pathogenesis of sole ulcer. In calves, the relative weight load and area of ground surface of the 

medial fore and hind limb claws were considerably larger compared with the lateral claws (Alsleben et al., 

2003). In another study, asymmetry of the hind limb claws occurred at an early age in calves (Schwarzmann 

et al., 2007); the lateral claws had a larger sole surface area. At two years of age, the weight load and area 
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of ground surface distribution were relatively balanced between the medial and lateral claws of the hind 

limb; in the forelimb, the lateral claws were subjected to higher pressure and had larger ground surface 

areas than the medial claws. In a current study, pressure and force measurements in non-pregnant heifers 

indicate that ground reaction forces acting on the lateral claw of the hind limbs are significantly greater 

compared with the medial claws (Weidmann et al., 2013). Before calving, dairy heifers usually have 

symmetrical claws without significant sole haemorrhages or sole ulcers (Ossent et al., 1987). With 

advancing age, however, the pressure peaks acting on the sole surface of the claws increase (Alsleben et 

al., 2003). The lateral claw of the hind limbs had the lowest proportion of high pressures in comparison 

with the other claws. The authors concluded that the increase in the average pressure in the caudal aspect 

of the lateral claw in the hind limbs, combined with a particularly high sensitivity of the tissue and a lack of 

adaptability to changing pressures (and not the number of high pressures or their absolute height), were 

decisive for frequent development of claw diseases (Alsleben et al., 2003).  

Measurement of force and pressure distribution on the claw sole of dairy cows (Van der Tol et al., 2002, 

van der Tol et al., 2003, Van der Tol et al., 2004, Kehler and Gerwing, 2004) revealed severe overloading of 

the lateral claw of the hind limbs during standing as well as walking (Schmid et al., 2009). Overloading 

during walking occurred not only in cows, but also in heifers (Meyer et al., 2007). The lateral/outer claw of 

both the front and hind limbs makes contact with the ground first in cattle (van der Tol et al., 2003, Meyer 

et al., 2007, Schmid et al., 2009).  

Within a short period of time after functional foot trimming, which aims to even the weight distribution 

between the lateral and medial claws, the outer/lateral claw once again bears more weight (Kehler and 

Gerwing, 2004). Therefore it appears that the asymmetry of the hind claws is linked to an anatomical 

difference that causes uneven loading and shape of the claws in stabled cattle. In addition, the 

development of asymmetrical claws could not be attributed to any particular flooring system. Varying 

degrees of slipperiness of different flooring types also did not affect the disproportion in weight 

distribution between lateral and medial claws (Telezhenko et al., 2008, Telezhenko et al., 2009). 

Dairy cows remove weight from a limb in response to limb discomfort and redistribute this weight 

primarily to the contralateral limb (Neveux et al., 2006). 

 

The anatomical difference 

A number of researchers before and after Rusterholz suspected an anatomical and biomechanical effect 

(Hess, 1909, Smedegaard, 1964a, Andersson and Lundström, 1981, Fessl, 1968) because of the striking 

difference between the lateral and medial claws of the hind limbs (van Amstel and Shearer, 2006). 

However, until recently this anatomical and/or biomechanical difference could not be determined. A report 

by Zantinga is often overlooked; he evaluated cattle with healthy claws and those with sole ulcers, and 

wrote in 1968: “…. „the relative position of the medial pedal bone and the horizontal plane was found to 

differ from that of the lateral pedal bone and the horizontal plane” and “The difference in position …. may 

be an important factor in the aetiology of the typical lesion of the sole” (Zantinga, 1968, Zantinga, 1973). 

Asymmetry of the digits of pigs was noted decades ago by Nordby (1939), who reported that a majority of 

the hogs from different breeds exhibited inequality in length and size of the digits to a varying degree, 

with the medial digits being relatively smaller and shorter than the lateral digits (Nordby, 1939). In a later 

study (Grandhi et al., 1986) that investigated the association between bone length and nutrition, the 

incidence of inequality in digits with a smaller medial digit was 90.9% in boars, 96.7% in sows and 87.6% in 

barrows. However, the nutritional factors examined in that study had very little effect on the inequality in 

digits, and the inequality in length and position of digits was not a primary cause for structural 

unsoundness. Recently it was found that the larger outer/lateral claw of the hind limbs of pigs was subject 

to more disease (Lippuner, 2012).  

Independent of these earlier studies, Paulus (2004) postulated that the paired toes of the bovine foot differ 

in length (Paulus, 2004). Measurements of feet with both soles trimmed to the same thickness revealed 

that the lateral claw extended beyond the medial claw distally (Nuss and Paulus, 2006). To test these 

findings, we measured the lengths of the digital bones of the fore and hind limbs procured from 40 
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slaughtered cattle of different ages and using digital radiographs (Muggli et al., 2011). The majority of 

cattle had longer lateral digits in the forelimbs as well as hind limbs. The lateral first and second phalanges 

were significantly longer than the corresponding medial phalanges, whereas the medial P3 was longer 

than the lateral P3. When the lengths of the digital bones were added, the mean length of the lateral digit 

was 1.8 mm longer in the forelimb and 2.1 mm longer in the hind limb compared with the medial digit. At 

that time, we speculated that this asymmetry was why the lateral claws of the hind limb are predisposed to 

sole ulcer on hard surfaces (Nacambo et al., 2007, Muggli et al., 2011).  

In a more recent study, the disparity in length between the lateral and medial claws from feet with a sole 

ulcer was compared with the disparity in the same measurements made in healthy feet (Rüegsegger, 

2011). Seventy-five feet with lesions at the typical ulcer site were collected from slaughtered cows and 25 

normal feet were used as controls. With one exception, the within-feet difference of the ulcer groups was 

not significantly different from the difference of the controls. The results corroborated the length 

asymmetry of the bovine digits but they did not clarify the role of the asymmetry in the development of 

sole ulcer. Similar measurements using radiographs from live standing cows (Zantinga, 1968) may clarify 

the effective difference in length between the paired digits of the hind feet. Clearly, the search for risk 

factors for sole ulcers remains incomplete. In the hind limbs, the mechanical impact which is transferred 

from the pelvis directly to the longer lateral digit, may play an important role (Toussaint Raven, 1985), 

whereas in the forelimb with its tenomuscular attachment to the trunk, there could be a more even weight 

distribution and partial shift of weight to the medial claw. 

 

Claw dimensions in pastured and housed cattle 

Repeated claw measurements (2 months apart) in Scottish Highland cattle were carried out to analyse 

changes related to housing conditions (Kolp et al., 2013). The cows were kept on various alpine pastures 

before the first measurement, on a two-hectare low-land pasture before the second measurement, in a 

welfare-compliant straw-bedded free stall before the third measurement and again on an alpine pasture 

before the fourth measurement. General claw health was assessed, and the dorsal wall length, dorsal wall 

angle, heel length, height and width, sole length and width, and claw length were measured. Housing 

conditions significantly affected claw dimensions. After pasture periods, the cows had relatively large but 

symmetrical claws, which were composed of dry, hard horn, and had prominent weight-bearing hoof wall 

borders and soles with a natural axial slope. Free-stall housing was associated with shorter dorsal walls and 

larger dorsal wall angles but wider soles in the lateral hind claws and narrower soles in the medial hind 

claws (increase in asymmetry of the hind claws). In addition, wearing of the hoof wall edges, white line 

deterioration, sole haemorrhages and heel horn erosion were common (Kolp et al., 2013).  

Claw lesions were absent in pastured cattle, and therefore the long but symmetrical claws seen after 

pasturing periods in these cows were considered not in need for claw trimming. The fact that “normal” 

biomechanics of weight bearing commonly lead to an overgrowth of the outer claw of the hind leg (van 

Amstel and Shearer, 2006) did not apply to these pastured cows. These findings emphasise the benefits of 

pasturing in relation to claw health and underline how quickly the contour and shape of the claws can 

change (be damaged) with a change in husbandry conditions.  

 

Conclusions 

The prevalence of painful sole ulcers is alarmingly high in stabled cattle. Regardless of the type of flooring 

used, the asymmetry between the lateral and medial hind limb claws persists. In cattle kept on a natural 

surface year-round, this asymmetry was much less evident, probably because of the relative soft and clean 

pastures that provided even distribution of load to both claws. As a consequence, hypertrophy of the 

lateral hind claw did not develop. On hard ground, there is an overwhelming predisposition of the lateral 

claws of the pelvic limb to overload and to sole ulcer, which argues for a mechanical factor and speaks 

against systemic inflammatory factors as the main cause of sole ulcer. It appears that the length difference 

of the digital bones (with consequences on function of the tendons and ligaments) is the anatomical and 

biomechanical component that has been postulated. It is likely that the asymmetry is associated with a 
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greater load on the lateral claw. Another important likely factor is the weakening of the suspensory 

apparatus of P3 associated with calving; combined with the effects of overload on hard flooring, the 

weakening appears to be involved in the pathogenesis of sole ulcers in the lateral hind limb claws. This 

idea is supported by the peak occurrence of sole ulcers 2 to 3 months after calving, by the increase in the 

incidence with increasing parity and by the high recurrence rate in subsequent lactations. We hypothesise 

that the suspensory apparatus of P3 undergoes overstretching during each calving cycle resulting in 

continual gradual sinking of P3. The use of soft barn floors should therefore be explored more extensively 

in an effort to prevent sole ulcers and other claw horn disruptions. However, to date, we have not 

succeeded in imitating the natural texture of a pasture for use in barns. 
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Abstract 

Prevention, recognition and successful treatment of pain in cattle represent increasingly important animal 

welfare and ethical issues in our society. The most commonly cited sources of pain in cattle are 1) 

husbandry procedures like branding, castration and dehorning, 2) acute inflammations and surgical 

interventions 3) chronic conditions like persistent lameness. As the veterinarian attitude toward pain 

strongly influences the farmer and the whole breeding environment, it is fundamental to provide 

practitioners basic knowledge of pain pathophysiology and tools to recognize pain for use in clinical and 

research settings. When pain is perceived as such and understood, the willingness to reduce and/or treat it 

increase, even if this implies extra-time and costs. In several countries new legislation prohibits painful 

husbandry procedures in absence of analgesia, confirming the attitudinal change toward pain in cattle. In 

countries like the US where painful procedures are still officially allowed without treatment clear 

recommendations to veterinarians and farmers have been given by veterinary associations confirming that 

concern about farm animal pain is worldwide increasing.  

 

What is pain? 

An official definition of “pain” is offered by the International Association for the Study of Pain: “An 

unpleasant sensory and emotional experience associated with actual or potential tissue damage, or 

described in terms of such damage. Note: The inability to communicate verbally does not negate the 

possibility that an individual is experiencing pain and is in need of appropriate pain-relieving treatment. 

Pain is always subjective…Activity induced in the nociceptor and nociceptive pathways by a noxious 

stimulus [which is usually defined as nociception (author’s note)]  is not pain, which is always a 

psychological state, even though we may well appreciate that pain most often has a proximate physical 

cause.”  

According to the official definition it is clear that assessing pain in animals would imply knowing their 

affective state, their subjective feelings and emotions, which they cannot communicate.  All the 

physiological measures described so far are actually a direct or indirect measure of nociception more than 

pain. 

Acute pain due to nociceptive pathways activation has an important protective function, it appears early in 

ontology and represents an adaptive response to damaging or potentially damaging stimuli. This is the 

pain that causes an animal to try to escape a painful stimulus (for example during branding) or situation 

(for example calves refusing to enter the chute after having experienced pain in it).  The biological and 

behavioral reactions to pain are evident not only in adults but also in term neonates and even in extremely 

premature newborns and fetuses. The importance of newborn and fetal pain has been completely 

neglected until recent times. The common concept of “no need to treat pain in newborns or very young 

animals” due to the weaker physiological and behavioural responses to pain observed in these age 

categories, is no longer actual (even if the smaller amount of tissue damage has still to be considered an 

important issue).  Indeed in humans it has been shown that early pain experience predisposes the 

individuals to increase pain perception later in life, as the nociceptive system is highly plastic and able to 

increase its gain. In lambs, early castration led to increase nociceptive responses to tail docking at later age 

more in animals castrated at 1 day that at 10 days of age, clearly showing that pain plasticity and increased 

sensitization following early pain experience is an issue in animals as well (McCracken et al., 2010).  
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In contrast to acute nociceptive pain, pathological pain is a non-functional (non-useful) pain that occurs 

when the intensity or duration of the experience is not appropriate for the damage sustained and when 

physiological and behavioral responses are unsuccessful in alleviating it.  

Pain is a complex phenomenon, with sensory, cognitive and affective components, which can have 

important systemic consequences. Immobility, for example, can retard bone healing and decrease 

pulmonary function. Catecholamine release stimulates the sympathetic nervous system, increasing 

myocardial work and oxygen consumption. Stress hormone release, loss of appetite and insomnia all lead 

to an overall catabolic state and lengthen the time required for healing. Reducing pain will have 

consequences on the overall wellbeing and healing capabilities of the animals, consistently contributing to 

animal welfare mostly in peri-procedural/surgical situations. 

 

Neurophysiology of pain  

The neurophysiological processes involved in the transduction, transmission, modulation and perception 

of noxious inputs are essentially similar in all mammals, even if individual variation in pain sensitivity and 

intraspecific differences are known from the clinical practice.  

Acute pain is detected in the periphery by a set of specialized peripheral sensory neurons, called 

nociceptors, which density varies depending on the tissue. The nociceptors are free nerve endings of thin 

myelinated Aδ fibres and unmyelinated C fibres that respond to one or more (polymodal) type of noxious 

stimuli (thermal, mechanical, chemical) generating action potentials.  This first peripheral event is termed 

“nociceptive transduction”.  

The generated action potentials travel along the afferent axons via bundles of sensory nerves to the dorsal 

horn of the spinal cord or to cranial nerve nuclei (for the head). The organization of the afferents makes it 

possible to localize the source of information on the basis of a spatially ordered neural architecture. The 

primary neuron synapses in the dorsal horn (or cranial nerve nuclei) with second order neurons, which 

relay the stimulus up the spinal cord to the brain, and with spinal motor neurons responsible for 

nociceptive reflexes. Transmission to higher centers leads to suprasegmental and cortical responses. 

Suprasegmental responses include increases in sympathetic tone and catecholamine release, hypothalamic 

stimulation with increases in metabolism and oxygen consumption, cortisol release and an overall increase 

in "fight or flight" arousal mechanisms. 

At the level of the dorsal horn of the spinal cord, the incoming pain information may be modified by 

inputs from both excitatory and inhibitory interneurons before the incoming information is relayed to 

higher centers in the brain or to spinal motor neurons. Various neurotransmitters are important for 

transmitting information across synapses in the spinal cord, including excitatory amino acids (as 

glutamate), peptides (as substance P) and cyclooxygenase products of arachidonic acid metabolism (as 

prostaglandin E2). Repetitive noxious stimulation, including that associated with surgery or trauma, results 

in a change in the response properties of the dorsal horn neurons such that neuronal activity of the dorsal 

horn cell progressively increases throughout the duration of the stimulus. This phenomenon is called 

“wind-up”. Temporal and spatial summation of repeated or multiple parallel nociceptive inputs also occur 

in second order neurons, so that the final pain perception is much higher than expected from the intensity 

of each single applied stimulus. 

Furthermore, activity within the spinal cord is strongly influenced by descending inhibitory or facilitatory 

pathways originating in higher centers of the brain (opioidergic, serotonergic and noradrenergic 

pathways), and able to depress or increase incoming nociceptive inputs.  

Finally, the electrochemical events linked to nociception have to be integrated in the central nervous 

system (so called pain matrix), where it’s the unique psychology of the individual that determine the 

subjective experience of pain perception.  

 

Pain pathology 

The nociceptive system, as other systems in the body, can undergo pathological changes, that alter its 

function and produce unusual, often persistent forms of pain (Woolf and Salter, 2000). In fact, the 
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perception of pain cannot anymore be viewed as a static process. Long-term changes might occur within 

the peripheral and central nervous system following stimulation, which could alter the body's response to 

further input. Neuronal plasticity is crucial to the development of the hypersensitive states associated with 

inflammatory and neuropathic pain. Hypersensitivity to pain occurs both at the level of peripheral sensory 

neurons and centrally at the level of the spinal cord. This might be the phenomenon responsible for the 

increase sensitivity to a later occurring painful event if a first pain has been experienced early in life as 

previously mentioned for young lambs. 

Inflammatory pain typically develops in the post-operative period or in acute spontaneous conditions like 

acute mastitis or arthritis. Tissue damage and the ensuing inflammatory response promote peripheral 

sensitization, through a number of substances released peripherally at the site of injury to increase 

transduction of the noxious stimulus. Release of these substances increases the excitability of sensory and 

sympathetic nerve fibers, causes vasodilation and extravasation of plasma proteins, and results in further 

release of chemical mediators from inflammatory cells. Nociceptors that were previously “silent” are 

activated, overall further contributing to the lowering of the pain threshold.  

Furthermore, any injury to the nervous system (peripheral and central) can potentially provoke a peculiar 

form of pain defined as neuropathic, often not responding to conventional analgesic therapy. This is 

typically the case for post-amputation pain and for chronic post-surgical pain. In fact during surgery small 

peripheral nerves might be damaged; recent studies have shown that the occurrence of chronic 

post-operative pain in humans is much higher than it could be expected, following very different kinds of 

interventions (Kristensen et al., 2010; Nikolajsen et al., 2004). 

The net result of pathological pain is sensitization of the peripheral nociceptors such that low intensity 

signals not normally causing pain are perceived as painful (allodynia), and an increase in the pain response 

to noxious stimulation (primary hyperalgesia). In addition, these changes spread to adjacent non-injured 

tissue (secondary hyperalgesia). 

Sustained nociceptors activation caused by nerve injury and inflammation, accompanied by activation of 

glial cells and cells of the immune system, leads to the so-called central sensitization, where spinal neurons 

augment their responsiveness provoking chronic hyperalgesia and allodynia. Reduced descending 

inhibition or enhanced facilitation can further sustain the central sensitization state, thus making pain 

persistent and possibly completely independent from ongoing peripheral inputs. 

 

How can we measure pain? 

Assessing pain in cattle is particularly challenging as bovine, likewise other herbivores, tend to hide their 

pain, have a stoic nature and minimally modify their behavior to avoid becoming easy preys.  

Despite this intrinsic difficulty, several methods to assess pain in these animals have been described, 

applied in different clinical conditions and in some cases validated. Identification of procedure-specific 

pain behavior, modification of physiological parameters in presence of pain and modulation of pain 

thresholds have been the most common approaches described in the literature in the last decade. 

Learning to anticipate when an animal will be painful is extremely helpful, since pain is much easier to 

manage if treated beforehand (pre-emptive analgesia) and the occurrence of persistent pain conditions is 

reduced if pain is treated for the adequate length of time. Pain is a dynamic process and can change in 

severity depending on degree of tissue damage, presence of inflammatory or neuropathic components, 

physical activity, analgesic treatments, psychological attitude, social environment and so on. 

 

Pain assessment based on behaviour 

It is known that pain in animals “results in learned avoidance behavior, modifies species-specific behavior 

and possibly social behavior” (Zimmermann, 1984). Some of the behavioral pain effects have been used to 

characterize and quantify pain in cattle, using subjective or objective approaches.  

Unfortunately, a specific and sensitive “pain behavior” valid under different clinical conditions does not 

exist, so in general is it important to refer to the specific context for which the measure has been 

developed.  



71 
 

Subjective pain behavior assessment can be performed using visual analogue scales (VAS), numerical 

rating scales (NRS) and species-specific multidimensional pain scales. It is the observer that attributes a 

score to the animal he/she is observing, based on posture, demeanor, attitude or lethargy, sometimes 

adding responses to interaction or gentle palpation of the affected body region. Poor interobserver 

reliability is the main drawback of these methods, unless a very precise definition of the attributed score is 

provided to the user, to reduce the influence of “personal interpretation”. For use in cattle a lameness and 

locomotion scoring system providing detailed description of observable changes in gait  has been 

validated and shown to be sufficiently specific and sensitive to detect cows with hoof lesions and their 

response to treatment (Flower and Weary, 2006; Rushen et al., 2007). Numerical rating scales are also quite 

commonly used to score procedure-specific reaction to pain and in peri-operative settings if surgery is 

performed under local anaesthesia. As an example, in a study evaluating reaction to different castration 

methods in calves, scores from 0 (no signs of pain) to 3 (defensive movements involving the whole body) 

were attributed to each animal (Becker et al., 2012) 

Objective ways to assess changes in behavior are increasingly explored and described in recent literature. 

Videorecordings (continuous or based on scan sampling, time sampling or focal sampling) eliminate the 

influence of observers on animal behavior as well as the possibility to perform more precise observations. 

Specific “ethograms” (a list of mutually exclusive behaviours, mostly motor patters or movements) are 

developed and the frequency of occurrence can be determined and analyzed in different conditions 

(Millman, 2013).  

For example after disbudding an increase of head-related motor patterns was observed, as head-shaking 

or ear flicking, and their decrease was noticed after treatment with NSAIDs  (Heinrich et al., 2010) while 

after castration increased foot stomping, kicking or lesion licking have been noticed (Molony et al., 1995). 

Specific postural changes have also been observed, like limb guarding in lameness or statue standing after 

castration (Molony et al., 1995). In absence of continuous observation/recording, the frequency of 

occurrence does not well correlate with other measures of pain.  

Pedometers and accelerometers can also be used to detect changes in activity before, during and after a 

painful event. Accelerometers allow accurate monitoring of calves behavior, differentiating among lying, 

walking or standing, when compared with results of video analysis. For example, immediately following 

castration, the time spent standing is increased compared to before surgery (White et al., 2008) and calves 

receiving meloxicam prior to dehorning spent more time lying than control animals not receiving analgesia 

(Theurer et al., 2012). Triangulation techniques based on position detectors (real-time location systems) 

can be used to remotely assess animal position and activity (proximity to feeding station, to other animals 

in the paddock, covered distances, time spent in the same location and so on) (Theurer et al., 2012). 

Feeding or watering behavior can also be measured when several individuals are kept together. Intake, 

duration and frequency of feeding/watering can be measured automatically using identification ear tags or 

transponder collars to identify single animals. At least 7 days baseline should be recorded prior to use 

these variables as tools to assess pain effects. 

Non-specific behavioral responses to pain, like attempts to escape, exit chute velocity or vocalization 

analysis have also been used. Several automatic methods to measure these variables have been applied 

(strain-gauges, accelerometers, automated video recordings). 

 

Pain assessment based on physiological parameters 

Classically, measurement of plasma cortisol levels have been used to quantify “pain” or “stress” following 

husbandry procedures, to compare different husbandry techniques and to evaluate the effects of analgesic 

treatments. Cortisol concentration is supposed to reflect the hypothalamus-pituitary-adrenal axis activity. 

The main drawback of cortisol measurement is the lack of specificity and sensitivity for pain, when subtle 

differences among techniques and treatments have to be revealed (stress due to restrain and manipulation 

often has such a strong effect on cortisol that slight differences due to different husbandry techniques 

cannot be detected) and when quick occurring events linked to pain have to be assessed (as cortisol has a 

typical slow response). Plasmatic substance P concentration has been proposed as an interesting 
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alternative to cortisol in pain studies. In calves undergoing castration, increase in plasmatic substance P 

but not cortisol was able to differentiate between animals undergoing surgery and control animals, in 

which castration was only simulated (Coetzee et al., 2008) 

Measurement of eye surface temperature with thermography has been proposed as a method to detect 

early physiologic changes occurring after a painful event: sympathetically mediated vasoconstriction of the 

rich periocular capillary bed reduces skin temperature for few minutes after acute painful insults, like 

observed after disbudding without local anaesthetics in calves (Stewart et al., 2008).  

Heart rate and mostly heart rate variability (HRV, the analysis of the R-R intervals) have also been used to 

detect reactions to a painful stimulus. Typically pain modifies the balance between parasympathetic and 

sympathetic systems, decreasing parasympathetic tone, increasing sympathetic tone and overall reducing 

HRV. These changes can be detected both with parameters calculated on time domain or, mostly, on 

frequency domain (by doing the FFT analysis of the RR signal). Changes on a frequency domain parameter 

(low frequency/high frequency ration) have been observed after disbudding without (but not with) local 

anaesthetic in calves undergoing disbudding (Stewart et al., 2008; Stewart et al., 2010). 

Electroencephalography, the record of electrical cerebral activity, has also been proposed as a way to 

quantify reactions to painful procedures, as pain has the typical effect of decreasing low frequency activity 

and increasing high frequency activity (a phenomenon termed desynchronization). These changes are 

detected as decreased total power, increased 95% spectral edge frequency and median frequency (when 

FFT analysis of the raw signal is performed). In calves undergoing castration, there was an association 

between EEG variables and plasma cortisol concentrations, suggesting that EEG analysis might be a useful 

tool to reveal pain (Bergamasco et al., 2011). 

 

Pain assessment based on pain threshold testing 

Pain threshold can be determined in animals using a predefined, well quantified painful stimulus and 

measuring either the time needed for the animal to respond to a fixed intensity stimulus (latency 

measurement) or the stimulus intensity needed to evoke a nocifensive response. Mechanical, thermal or 

electrical stimulation have been used in different species to determine pain thresholds.  

Pressure algometry, based on mechanical stimulation, allows to measure the amount of force applied on a 

given surface needed to evoke a withdrawal/aversive response. Following disbudding, lower mechanical 

nociceptive thresholds than before have been found in calves up to several days after surgery (Millman, 

2013), showing that hyperalgesia or allodynia are developing. Lower pressure sensitivity was recorded after 

meloxicam treatment.  

Thermal stimulation has been performed with heated water bath, radiant light source or CO2 laser. The 

time needed for the animal to respond is generally measured (latency). As the preparation is 

time-intensive and the experimental conditions have to be kept perfectly under control when these 

techniques are used,  only few pain studies based on thermal stimulation in cattle have been conducted 

so far (Herskin et al., 2004; Veissier et al., 2000). 

 

Conclusion 

While the growing knowledge about pain pathophysiology is providing the theoretical base for a better 

understanding and treatment of pain in cattle, further developing of specific and sensitive tools for pain 

recognition is still highly needed to improve husbandry and veterinary practices with the final goal to 

reduce animal suffering.  Several options to quantify bovine pain have been reported and validated, 

others should follow for a thorough multimodal approach that will allow to take into consideration the 

fascinating complexity of the experience of pain, with its physiologic, emotional and cognitive components 

needing to be explored. 
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Abstract 

Any recent review of the literature will indicate to the reader that the profile and importance of pain and 

pain management in farm animals has increased in importance rapidly over the last decade. A number of 

high profile reports on the health and welfare of farm animals, and dairy cows in particular, have been 

published by bodies such as the UK Farm Animal Welfare Council and the European Food Safety Authority. 

This paper reviews and describes some of the recent work published in this area  

A common theme which emerges from the work is that producers often only consider the more severe 

manifestation of disease when asked to consider conditions such as lameness and hock lesions. There 

seemed a degree of acceptance to the far more common,  milder presentations, perhaps because these 

diseases are viewed as being ‘normal’ if their prevalence is high. It is vital we find ways to bridge this 

apparent contradiction to ensure that we communicate to farmers the importance of treating milder 

disease presentation. This may be as simple as altering the language and terminology used when 

discussing diseases with producers. This is particularly true for lameness where recent work has 

demonstrated that early identification and effective treatment of lameness is key to the rapid resolution of 

disease.  

 

Introduction 

Any recent review of the literature will indicate to the reader that the profile and importance of pain and 

pain management in farm animals has increased in importance rapidly over the last decade. Over the last 

few years, a number of reports on the welfare of farm animals have been published by both the UK Farm 

Animal Welfare Council and the European Food Safety Authority and there have been at least two special 

editions on the subject in high profile journals (Manteca and Millman, 2011; Coetzee, 2013). There are a 

range of reasons for this change including national and supranational legislation, an increasing awareness 

of farm animal welfare amongst consumers leading to pressure on retailers and the wider industry, a rapid 

growth in the experimental and scientific literature on the subject and growing expectations of pain 

control in veterinary medicine based on the experiences of our colleagues in human medicine.  

Regardless of the cause it is clear that our clinical approach to pain and discomfort in our patients must 

adapt to the rapidly changing expectations of producers, buyers and consumers.  There is evidence that 

this change is already taking place, for example the increase in sales of NSAIDs has been dramatic. 

Between 2008 and 2011 the total number of NSAID packs sold in the UK for use in cattle increased from 

144,174 with a market value of £4,747,029 to 175,397 with a market value of £7,781,319 (a 64% increase).  

It is not the intention of this paper to provide an exhaustive review of the subject, rather it will highlight 

some of the work and papers which have been published in the area and describe particular work the 

author has been involved with over the last decade. 

 

Attitude of Vets towards Pain and the use of Analgesics in Cattle 

 

Introduction 

Over the last eight years a wide range of papers have been published exploring the attitudes of producers 

and vets towards pain and the use of analgesics in cattle in Europe and around the world (for example 

(Huxley and Whay, 2006; Leslie, 2007; Laven et al., 2008; Thomsen et al., 2010; Fajt et al., 2011; Thomsen et 
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al., 2012; Weber and Muller, 2012a, b). These papers have highlighted some of the huge discrepancies that 

exist between individual clinicians. One of the first and largest of these surveys was conducted in Europe 

(Huxley et al., 2008).  

 

 

 

Materials and Methods 

The questionnaire survey was conducted in two phases. Phase one took part in the autumn of 2004; 2391 

questionnaires were distributed to veterinarians in Great Britain and Northern Ireland (Huxley and Whay, 

2006). Phase two took place in the summer of 2006. A further 10373 questionnaires were distributed to 

veterinary surgeons in the following eight European countries: Belgium (250), Denmark (493), France 

(3120), Germany (3092), The Netherlands (797), Norway (387), Spain (1950) and Sweden (284). The 

questionnaire collected information on the respondent’s attitude towards pain and the use of analgesics in 

cattle.  

 

Results 

The proportion of respondents who stated they used NSAIDs, α2 adrenoceptor agonists and local 

anaesthetics during the treatment of a range of procedures and conditions of adult cattle and calves are 

outlined in Table 1. The proportion of respondents who stated they never used analgesic agents for a 

procedure or condition ranged from 1% for caesarean section to 41.3% for dystocia in adult cattle and 

from 2.9% for umbilical hernia surgery to 55.1% following dystocia in calves. 

 

Table 1: Proportion of respondents who stated they used analgesic agents for the treatment of some cases of 

a series of procedures / conditions of adult cattle and calves.  

 

 

  

Proportion (%) of respondents who stated 

they used the following agents in some 

cases 

 

Procedure / Condition n NSAID 

α2 

Agonist 

Local 

Anaesthetic 

None 

Used 

A
d

u
lt

 C
a
tt

le
 

Treatment of a sole 

ulcer 

2603 50.7% 17.1% 21.5% 33.1% 

Claw amputation 2512 55.5% 65.0% 85.5% 1.1% 

Caesarean Section 2626 37.7% 49.1% 96.9% 1.0% 

Dystocia
1
 2589 43.5% 7.4% 25.4% 41.3% 

Dehorning
2
  2622 9.2% 57.7% 83.8% 5.8% 

Uveitis 2355 48.8% 8.0% 26.8% 30.2% 

Debriding a digital 

dermatitis lesion 

2476 25.9% 36.1% 44.8% 28.0% 

C
a
lv

e
s 

Surgical castration 2504 17.6% 66.0% 67.7% 12.3% 

Joint ill
3
 2576 86.1% 6.8% 7.8% 8.6% 

Umbilical hernia 

(surgery) 

2547 42.8% 82.4% 62.1% 2.9% 

Disbudding 2546 9.0% 52.2% 66.9% 11.7% 

Distal limb fracture 2521 66.0% 51.7% 6.3% 10.9% 

Following dystocia
4
 2481 42.6% 1.7% 2.0% 55.1% 

1
Fetal-maternal disproportion requiring traction alone 

2
Horns >8cm/3” 

3
Septic arthritis  

4
A calf delivered after fetal-maternal disproportion requiring traction alone 
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The estimated pain scores (median, interquartile range and mode) for a number of procedures and 

conditions of adult cattle and calves are outlined in Table 2. The estimated pain scores for all the 

procedures and conditions quoted ranged across the whole scale i.e. 1 to 10.  

 

Table 2: Median, range, quartiles and mode values of the estimated severity of pain associated with a number 

of procedures and conditions in cattle.  

 

 

 Median 

1st 

Quartile 

3rd 

Quartile Mode 

A
d

u
lt

 C
a
tt

le
 

P
ro

ce
d

u
re

s 

Treatment of a sole ulcer 6 4 7 7 

Claw amputation 10 9 10 10 

Caesarean section 9 7 10 10 

Dystocia
1
 6 5 8 5 

Dehorning
2
 8 6 9 10 

Debriding a digital dermatitis lesion 6 5 8 7 

LDA surgery 6 5 8 7 

A
d

u
lt

 C
a
tt

le
 

C
o

n
d

it
io

n
s 

Uveitis 7 5 8 8 

Fracture of tuber coxae 7 6 9 8 

LDA 4 3 6 3 

Digital dermatitis 6 4 7 5 

Acute metritis 5 3 6 3 

Swollen hock 5 4 7 5 

Hock with hair loss 4 2 6 2 

Acute toxic Escherichia coli mastitis 7 6 9 8 

Mastitis (clots in milk only) 3 2 4 2 

Neck calluses 3 2 4 2 

White line disease with sub-sole abscess 7 5 8 8 

C
a
lf

 

P
ro

ce
d

u
re

s 

Calf castration (Surgical) 8 6 10 10 

Calf castration (Rubber ring) 6 4 8 8 

Calf castration (Burdizzo) 8 6 9 10 

Umbilical hernia surgery 8 7 10 10 

Disbudding 7 6 9 10 

C
a
lf

 

C
o

n
d

it
io

n
s 

Distal limb fracture 8 7 9 10 

Following dystocia
1
 5 3 6 5 

Umbilical abscess 6 4 7 5 

Joint ill 7 6 8 8 

Pneumonia 6 4 7 7 

Footnote: Respondents were asked to estimate the severity of pain assuming NO analgesic drugs were administered 
1
Fetal-maternal disproportion requiring traction alone 

2
Horns >8cm/3” 

 

 

The number and proportion of respondents who agreed with statements on the use of analgesics in cattle 

is outlined in Table 3. The statement with the highest level of agreement was “Cattle benefit from receiving 

analgesic drugs as part of their treatment (94.0%). Conversely the statement with the lowest level of 

agreement was “Drug side effects limit the usefulness of giving analgesics to cattle” (11.4%). 
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Table 3: Number and proportion of respondents who agreed with statements on the use of analgesics in cattle. 

 

 Number of 

respondents 

who agreed
a
 

Proportion 

of 

respondents 

who agreed 

Analgesics may mask deterioration in the animal’s condition 998 37.9% 

Cattle benefit from receiving analgesic drugs as part of their 

treatment 

2476 94.0% 

Some pain is necessary to stop the animal becoming too active 605 23.0% 

Cattle recover faster if given analgesic drugs 2388 90.6% 

Drug side effects limit the usefulness of giving analgesics to 

cattle 

300 11.4% 

Farmers are happy to pay the costs involved with giving 

analgesics to cattle 

1070 40.6% 

Farmers would like cattle to receive analgesia but cost is a major 

issue 

1409 53.5% 

E.U legislation limits my ability to use analgesic drugs in cattle 1012 38.4% 
a
Total number of respondents = 2635 

 

 

Forty seven point nine percent (1251 of 2610) of respondents considered their knowledge of pain relief in 

cattle was adequate. When asked to state where they had gained most of their knowledge on recognising 

and treating pain in adult cattle and calves the highest proportion of respondents stated “Experience 

gained in practice” (56.7%, 886 of 1563) followed by “Journals and articles (14.0%, 219 of 1563), 

“Undergraduate training at veterinary school” (13.9%, 217 of 1563), “Continuing education lectures” (8.9%, 

139 of 1563), “Commercial literature / data sheets” (5.2%, 81 of 1563) and “Other sources” (1.3%, 21 of 

1563). 

 

Discussion  

Whilst the results are now a little dated, they highlight the huge discrepancies which exist across Europe 

between individual vets. It is also apparent that the current management of pain in cattle lags behind that 

of companion animals. In fact when discussing the use of analgesia in dairy cattle one recent author stated 

“… for reasons of animal welfare and professional ethics, it remains a grave concern that so many 

veterinarians provided either no analgesia or inadequate analgesia to animals under their care” (Leslie, 2007).  

It is concerning that less than fifty percent of respondents considered that they had adequate levels of 

knowledge in the field. This is especially true considering that 57% of respondents stated that they had 

gained most of their knowledge from “Experience gained in practice”. The danger with this approach is 

that their attitudes and opinions may be unwittingly out of step with current scientific knowledge. The 

results generated from this study suggest that there are currently two principal factors hindering the use of 

analgesics in cattle: the limited number of analgesics (particularly local anaesthetics) licensed for use in 

food animal species in Europe and the belief amongst many practitioners that they have an adequate 

knowledge of pain management despite the fact that their use of analgesics in cattle is often limited. This 

indicates that for improvement in animal welfare to be made, measures should be taken to drive changes in 

the regulation and licensing of European pharmaceuticals and improve the education and training of 

undergraduates and practicing veterinarians on pain management.  
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Attitudes and Approaches of Producers and Vets Towards the Treatment of Lameness 

 

Introduction 

Lameness remains at unacceptably high levels in the UK and across many parts of Europe and is 

increasingly recognised as a growing and significant economic and welfare problem in dairy nations 

around the world. Research in the lameness field has lagged behind that of similar endemic disease such 

as mastitis and infertility. Much of what we think we understand is actually received wisdom 

unsubstantiated by experimental research (Potterton et al., 2012). In many areas of individual disease 

aetiology, treatment and prevention, once you scratch beneath the surface it can be surprising just how 

limited our scientific understanding actually is.  

Recent work has demonstrated that early identification and effective treatment of lameness is key to the 

rapid resolution of disease e.g. (Leach et al., 2012) i.e. animals which are identified and treated early when 

they are mildly lame recover more quickly than animals which are left untreated for longer. Therefore work 

is required to better understand barriers to early and effective treatment. Treatment protocols for 

individual lame cows are a good example of an area where the evidence base is currently lacking. With the 

exception of treatments for the infectious causes of lameness, such as digital dermatitis, virtually all 

treatment protocols for claw horn lesions are based on received wisdom. That does not mean to say that 

the treatments we currently administer are incorrect, rather that we do not know which treatments are 

most effective and lead to the most rapid and sustained recovery. Similarly we have little understanding of 

the attitude of producers towards the treatment of lame cows particularly the barriers to the rapid 

identification and early treatment of individual animals. Both areas remain significant obstacles to the 

effective control of this important and painful endemic disease and have been a particular area of focus for 

the author and colleagues over the last three years. 

 

Treatment of Individual Lame Cows with Claw Horn Lesions 

Virtually no randomised clinical trials (RCT) have been conducted to investigate the most effective 

protocols for treating claw horn lesions. The author and collaborators have recently completed a RCT on 

the treatment of claw horn lesions in dairy cows. The study methodology and results will be presented at 

the conference (Thomas et al., 2013). Further work is urgently needed in this area to fill this large gap in 

our clinical knowledge.  

 

Attitudes of Dairy Farmers to the Treatment of Lame Cows 

A telephone survey of 84 UK dairy farmers was conducted at the end of 2011. The survey was designed to 

investigate current practice and potential barriers and motivators in relation to the treatment of mild sole 

ulcer (SU) / sole bruising (SB)and white line disease (WLD) (Horseman et al., 2013a). On over two thirds of 

farms, lame cows were treated by someone working on the unit. Three quarters of respondents stated they 

treated lame cows within 48 hours of them being identified, although smaller numbers of farmers reported 

that treatment was delayed at busy times and / or that speed of treatment was related to the severity of 

the lameness. Farmers who took part in the survey rarely differentiated between SU and WLD in terms of 

the treatments carried out. Trimming the diseased claw, with or without the application of a therapeutic 

foot block were the most commonly administered treatments. Lack of time was considered a key 

constraint to the prompt treatment of lame cows. A significant number of farmers also reported problems 

with poor quality foot trimming equipment and / or handling and restraint systems as a barrier to 

treatment. Key motivators to prompt treatment including good quality equipment and handling systems 

and a sense of satisfaction when lameness improved following treatment.  

A follow up study was conducted with 12 farmers to further investigate their attitudes and approaches 

(Horseman et al., 2013b). More in-depth interviews were conducted whilst the farmer was trimming or 

treating a lame cow. Previous work has indicated that when farmers are asked to estimate the number of 

lame animals in their herd, they only report the severely  lame animals. This has led to an assumption that 

farmers cannot or do not identify lameness. Provisional results from this study indicate that this may be an 
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overly simplistic view. Rather than an inability to identify mildly lame cows it appears that different 

definitions exist between what researcher and farmers consider a lame cow. Farmers in this survey tended 

to avoid the word ‘lame’ to describe mildly lame animals. For example one farmer stated ‘She wants doing 

(treating) in the next month. I mean, she’s not lame in any way, she’s just not walking correctly’. Farmers 

tended to reserve the term ‘lame’ for severely lame animals; these were the animals they prioritised for 

treatment. Whilst this approach is commendable (i.e. severely lame cows tend to be treated immediately), 

all our recent work indicates that best results will be achieved by treating mildly lame animals as soon as 

they become lame. It is vital we find ways to bridge this apparent contradiction to ensure that we 

communicate to farmers the importance of treating mildly lame animals. This may be as simple as altering 

the language and terminology used when discussing lameness with producers.  

 

Attitudes and Approaches of Producers and Vets Towards Hock Lesions 

 

Introduction 

The term “hock lesion” has been used to describe damaged and missing hair, hyperkeratosis, broken skin, 

scabs and swelling on the hock. Hock lesions are prevalent in housed dairy cattle across the UK, Europe 

and North America and have been positively associated with lameness in previous studies. Lesions are 

presumed to be an abrasion injury cause by contact with the lying surface during standing and lying and 

seem particularly prevalent and severe in animals housed in cubicles with mats or mattresses. Large 

quantities of work have been conducted in to risk factors for hock lesions over the last decade. Much less 

work has investigated producer and vet attitudes towards the lesion. When asked to estimate the pain 

score associated with a swollen hock and a hock with hair loss, European veterinarians estimated median 

scores of 5 and 4  out of 10 respectively (Table 2). The median scores from a similar survey with responses 

from 1135 UK cattle farmers were 5 and 3 respectively. Both producers and vets recognise that this 

prevalent condition is likely to cause moderate levels of discomfort in affected animal.     

 

Attitudes and Approaches of Producers towards Hock Lesions 

A cross-sectional study was conducted in the Midlands region of the UK during the housing period of 

2007/8. From each herd, a random sample of approximately 50 animals were scored for body condition, 

lameness, cleanliness, rising behaviour, and hock lesions.  A detailed assessment was made of the housed 

environment and farm management practices and the farm owner or manager was interviewed to assess 

their attitude towards the lesions (Potterton et al., 2011a; Potterton et al., 2011b). 

 

The questionnaire on attitudes towards the lesion was completed by a sub-set of 51 respondents. Ninety 

two percent of the respondents stated that they were aware of hock lesions prior to the start of the study.  

Furthermore, 36% of farmers had previously sought advice or treatment from their vet in relation to hock 

lesions and 38% had made housing changes in an attempt to manage the condition; 22% of respondents 

citing both measures. Those farmers that had previously made changes within the housing in an attempt to 

manage hock lesions were significantly more likely to have a prevalence of ulceration above 20% than 

those that had not (P < 0.05), as were those that had or sought advice or treatment (P < 0.05). However, 

when asked whether they had ever sought treatment for lesions, farmers’ responses indicated that 

treatment was only for a small number of animals on an infrequent basis, and possibly for the most severely 

affected animals. When presented with two photographs, one of a ‘moderately’ affected hock (moderate 

hair loss and mild ulceration) and one of a ‘severely’ affected hock (severe hair loss and severe ulceration), 

the majority of farmers felt that both lesions would have at least some impact on the production and the 

welfare of the animal (Figure 1).   

 



80 
 

 
Figure 1. Level of impact of a moderately affected hock (moderate hair loss and mild ulceration) on (A) the 

production and (B) the well-being of the cow and a severely affected hock (severe hair loss and severe 

ulceration) on (C) the production and (D) the well-being of the cow as judged by the respondents when shown 

photographs of the two hocks.  

From (Potterton et al., 2011b) 

 

The majority of farmers clearly acknowledge that hock lesions are a welfare and production issue on their 

units and the majority had made some attempts to control the lesion. However what was clear from the 

individual interviews, but much less clear in the amalgamated results is that when farmers were asked to 

consider hock lesions they tended to picture and describe the more severe manifestations of disease e.g. 

large, swollen, ulcerated hocks. There seemed a degree of acceptance to the far more common milder 

presentations, perhaps because these injuries are viewed as being ‘normal’ due to their high prevalence on 

many units. The situation appears similar to producer attitudes towards lameness (described above) i.e. 

there is a tendency for only severe disease to be considered worthy of treatment and intervention. Again it 

is vital we find ways to address this situation to ensure efforts are made to prevent and treat this common 

and painful condition.  

 

Conclusions 

Our understanding of the attitudes and approaches of producers and vets to painful conditions has 

increased dramatically over the last decade. What is striking across all the farmer and vet surveys which 

have been conducted across Europe is the huge variation in response both between individuals and 

between respondents in different countries. Some degree of disagreement is of course inevitable; however 

sharing knowledge and best practice between European cattle farmers and vets is vital, if we are to limit 

the impact of the wide variety of painful conditions to which many of our animals are exposed. 
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Lameness is a crucial issue in modern dairy farms. The reported prevalence of lameness within a herd ranks 

usually from 10 up to 40% with a constant increase in relation with increased herd size, increased animal 

movements and use of cubicles. Besides its negative impact on milk yield, fertility and premature culling, 

lameness is frequently associated with pain and is therefore a major welfare issue. To decrease efficiently 

the prevalence of lame cows within herd, appropriate control measures should be implemented. Indeed, 

preventive actions may be not sufficient when the prevalence of lameness is mainly due to a lack of 

detection and treatment of lame cows. Therefore, it could be helpful to estimate the duration of lameness 

observed at a given time in order to provide relevant advice. We can assume that the longer cows are 

lame, the higher the health status is impaired, leading to observe indicators such as low body condition 

score or integument lesions.  

The objective of the study was to assess whether some health indicators could be used to differentiate 

between recent and chronic lame cows during a single farm visit. To reach that goal, two successive steps 

were carried out. In a first step a cross-sectional survey was performed in a random sample of 130 dairy 

herds using the Welfare Quality® assessment protocol in order to select a limited number of putative 

individual health indicators associated with the presence of lameness. The Chi-squared test performed 

reported that 3 health indicators were significantly associated with the presence of lameness: low body 

condition score (p<0.001), integument alterations on the body (patches, lesions, swellings) (p<0.001) and 

dirty patches on legs and sides (p=0.02). However at this stage, it was not possible to determine the 

causative link between these indicators and the presence of lameness. Therefore in a second step a 

longitudinal survey was carried out during 7 months in dairy herds in order to investigate their relationship 

with their evolution over time and the duration of lameness at cow level. To reach that goal, a total of 871 

Holstein cows located in 10 herds with cubicles facing high prevalence of lame cows (<20%) were 

followed. Seven visits were performed 3 weeks apart. At each visit, a lameness score (based on Thomsen 

grid) was attributed to each cow. Lameness was defined from score 4 of this grid: uneven gait, arched back 

in walking and standing, short strides, head bob and affected leg evident. Descriptive analyses were 

performed using the SAS® software. Each cow was observed 6 times on average, and 50% were observed 

for all 7 visits. A total of 555 (63.7%) cows were considered as lame at least once during the study period, 

with a high variability between herds [41.1-84.6%]. Among the lame cows, 299 (53.9%) remained lame at 

least on two consecutive visits [25.0-67.1%]. These results confirm the existence of both transient and 

persistent lameness. The last visits of the follow up study have just been performed. Statistical analyses are 

currently performed to test associations between these health indicators and the duration of lameness in 

order to generate profiles of lame cows (recent/chronic lame cows).The results should help assess the 

duration of cows lameness from a cross-sectional intervention and in turn support farmers to take 

appropriate remedial preventive and/or curative solutions against lameness. 
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Background 

Infectious foot disorders (IFD) are considered among the most important causes of lameness in dairy 

cattle. Early detection of these disorders is the first step to reduce the degree of clinical manifestation. 

Therefore, reliable, practical and non-invasive methods to rapidly screen the prevalence of IFD are 

needed. Prior investigations have demonstrated that temperature at the coronary band (CB) or at the 

plantar aspect of the lame limb is increased in the presence of a foot lesion. Nevertheless, the 

reliability of using infrared thermography (IRT) to early detect IFD by measuring CB temperature has 

not been investigated, and the aim of this field study was to describe this association. 

 

Methods 

A total of 497 IRT observations were collected from 124 cows housed in a tie-stall (8 farms). All lesion 

data were documented by using the claw data analysis software “Klauenmanager”. Recorded foot 

disorders at hoof trimming were considered as “gold standard”. Infrared thermography (Fluke Ti25 

Thermal Imager) was used to assess the maximal surface temperature of the CB region and skin (S), 

and the temperature difference (ΔT) between CB and S of the fore limbs and hind limbs before claw 

trimming (mean value of the maximal values of the medial and lateral digits for each foot). The IFD 

included were: Heel horn erosion (HHE) (healthy 1≤ [0: no signs of HHE and 1: slight HHE no 

destruction of the bulb horn] or presence 2≥ [2 = moderate HHE; 3 = severe HHE]); Digital dermatitis 

(DD) and Panaritium (P) (present/not present). For statistical comparison of temperature-related 

variables between feet and disease categories, One- and Two-Way Analyses of Variance (ANOVA) 

statistics were performed. The level of significance was set at P< 0.05. 

 

Results 

The hind feet had a significantly higher temperature at the CB (P<0.001) and the S (P<0.001) as 

compared to fore feet. Feet with IFD (DD, HHE, P) had higher maximum temperatures at the CB and 

the skin (P<0.001) and a lower ΔT (P<0.05) as compared to feet without lesions. Both, feet with DD 

(P<0.05) and HHE (P<0.001) showed significantly higher maximal temperatures at the CB and the S, 

but no difference was found concerning ΔT for DD (P=0.479). 

 

Discussion 

Efficacy of IRT as a method for detecting hoof lesions when lesions occurred at least in one foot as 

compared to the healthy contralateral foot has been identified. A more recent study found that IRT 

may be reliable to detect elevated temperature at the plantar aspect of the foot associated with foot 

lesions, but may not be sensitive enough for lesions specific detection. The findings of the current 

study suggest that IRT may be a useful noninvasive diagnostic technique to identify IFD in dairy cows 

by measuring the surface temperature of the CB or S. 
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Lameness has been identified as one of the primary health concerns affecting European dairy cattle. 

Early identification and effective treatment of lameness is imperative to minimise the economic and 

welfare implications of this condition.  Studies have demonstrated the majority of cases are 

associated with the foot, with lesions of either infectious aetiology or arising from physiological and 

pathological changes within the structure of the claw horn. While many studies have investigated the 

treatment of infectious causes such as digital dermatitis, there is virtually no information in the 

literature to support the choice of treatment interventions for claw horn lesions (sole 

ulcer/haemorrhage (SU/H) and white line disease (WLD)).  In order to address this issue, a 

randomised clinical trial (RCT) was conducted to investigate the most effective treatment protocols for 

these lesions. 

Approximately 1100 cows on five dairy farms in central England were mobility scored fortnightly over 

a 12 month period using a 6 point scale. Five hundred and two cows presenting with a new case of 

lameness (two non-lame scores followed by a lame score) were examined, of which 181 met the RCT 

enrolment criteria. Cows were randomly allocated to receive one of four treatment protocols, selected 

for use in the trial following industry consultation.   Cows in all four treatment groups received a 

standard 5-step therapeutic foot trim. Animals in treatment group 1 received no additional treatment 

and acted as the positive control group. Treatment group 2 consisted of a trim and the application of 

a foot block to the sound claw. Treatment group 3 consisted of a trim and a three day course of 

non-steroidal anti-inflammatory drug (NSAID). Cows in treatment group 4 received a trim, a foot block 

and a course of NSAIDs. Treatment allocation was blocked by diagnosis (SH/U, WLD or ‘Other’ (usually 

a combination of both SH/U and WLD lesions)) and farm. Seventy eight cows were treated for SH/U, 

41 for WLD and 62 for Other lesions.  Primary outcome was assessed by a mobility score at 35 days 

post treatment completed by an observer, blind to the treatment administered.  Secondary outcomes 

included milk production data, mobility scores at 7, 14 and 28 days and body condition at 0, 7 and 35 

days post treatment.  Data collection was completed in March 2013. Full results of the RCT will be 

available for presentation at the conference, however provisional analysis suggests that response to 

treatment is significantly different across the groups. 

There are currently a variety of options available to farmers and veterinary surgeons for the treatment 

of claw horn lesions in dairy cattle but little published literature to support their use.  Randomised 

clinical trials represent the most rigorous way of determining a cause-effect relationship between a 

treatment and outcome.  This study aims to produce high quality information on the effectiveness of 

common treatments for claw horn lesions and allow for evidence based decisions on their use. 
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Digital dermatitis (DD) is a widespread cause of lameness in dairy cows. Currently, the main control 

schemes are based on the use of footbath. Several products and modalities for disinfection have been 

tested in the field but their efficiency remains variable and limited. These results could be due to poor 

compliance of farmers or to the influence of management practices (such as hoof trimming, hygiene, 

detection of affected cows,…). The objective of this study was then to investigate the respective impact 

of treatment procedures and management practices on the cure and incidence of DD lesions. 

A controlled field trial was conducted to evaluate in dairy cattle the benefit provided by different 

regimens of a collective topical treatment using a solution of copper and zinc chelates to cure or 

prevent digital dermatitis (DD), and to investigate factors that could explain variations in the clinical 

cure or incidence of DD lesions. The study involved 4,677 dairy cows from 52 French dairy farms where 

DD was endemic. The farms were allocated by minimization to 1 of 4 treatment regimens for 6 

months: no collective treatment (Control), walk-through footbath during 4 consecutive milkings every 

4 weeks (FB/4W) or every 2 weeks (FB/2W) and collective spraying during 2 milkings fortnightly 

(CS/2W). For welfare reasons, all farmers also had to treat all detected active DD lesions with individual 

topical spraying of oxytetracycline. DD was scored on all lactating cows during milking 7 times every 4 

weeks by 14 trained investigators. During these farm visits, data related to cow characteristics and 

farm management also were collected. The curative and preventive effectiveness of collective 

treatments was assessed through a Cox survival frailty model (adjusted for farm and investigators) 

respectively as (i) the probability of cure of an active DD lesion during at least 2 consecutive visits and 

as (ii) the time before a first case of DD lesion was observed. Monthly DD cure rates were 58%, 55%, 

76% and 76% in the Control, FB/4W, FB/2W and CS/2W regimens respectively. Hazard of cure of DD 

was increased by 1.28 and 1.41 when respectively walk-through footbath and collective spraying were 

applied over 2 days every fortnight compared to the control regimen, whereas the FB/4W regimen 

was not efficient. Three main factors were identified as quickening DD healing: cleanliness of the feet, 

initial small size of the DD lesion and additional individual topical treatment. Grazing tended to speed 

DD healing. Regarding prevention, a high initial DD prevalence strongly increased the hazard for DD 

occurrence (RR=2.1), as well as absence of hoof-trimming (RR=1.8), and poor leg cleanliness (RR=2.4). 

Prim’Holstein (RR=2.0) and high-productive cows (RR=1.3) were found to be more likely to develop 

DD. Collective treatments tended to decreased hazard for DD occurrence only when applied at least 

every fortnight (RR=0.7), compared to the control group. These results highlight the need of 

combining several control measures to ensure a high cure and prevention of digital dermatitis on 

endemically affected farms. 
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Lameness is still a permanent health problem in dairy herds and requires continuous control and 

treatment. Besides infertility and mastitis, lameness represents one of the main reasons for culling at 

the end of the lactation. However, suffering from lameness in the early lactation may also impair the 

general health condition, milk yield and reproduction effort. 

It was the aim of this study to examine the impact of disturbed locomotion on fertility. Therefore, eight 

dairy farms were observed for 18 months. The farm management was similar with respect to housing 

(free stall barns with cubicles) and feeding (mixed ration and individual feeding of concentrate 

depending on the daily milk yield), but there were differences in the reproductive management. Three 

of the observed farms used only artificial insemination, whereas four farms kept a bull additionally. 

One farm used no artificial insemination. Visiting the farms in four week intervals, all cows were 

examined for locomotion characteristics by using the Locomotion Scoring System by SPRECHER et al. 

(1997). The cows received scores from 1 (normal gait) to 5 (severely lame). Reproductive parameters 

like calving interval (CI, days), calving to first service interval (CFSI, days) and calving to conception 

interval (CCI, days) were compared between cows with normal gait (score =1) and lame cows (score 

>1) in a generalized linear mixed model with herd included as a random effect. Likewise, the overall 

pregnancy rate (OPR %) and conception rate at first service (CRFS %) were calculated in a logistic 

model considering the herd as a random effect. In order to determine the degree of association 

among variables, odds ratio (OR) and confidence intervals 95% were calculated. 

None of the reproductive parameters revealed any significant difference between primiparous and 

multiparous cows. The average CFSI of all cows was 85.2 days (±35.4). In cows affected by lameness in 

the first, the second or the third month of lactation the CFSI was up to 5 days longer (P=0.005; 

P=0.0055; P=0.002) than nonlame cows. The average CCI in this study was 117.8 days (±55.0). 

Lameness appearing in the third month of lactation caused a delay in conception of about 15 days 

compared to nonlame cows (P=0.021). CRFS was significantly higher in cows having no lameness in 

the second month of lactation (OR 1.14, P=0.011). 

Cows affected by lameness showed a decreased OPR (average 88.3%). Lameness occurring in the first 

or in the fourth month led to a higher risk of not getting pregnant (OR 3.96, P<0.001; OR 1.72, 

P=0,002).  

No differences could be observed comparing the calving intervals as well as the numbers of services 

per conception.  

In conclusion, the present study demonstrates that the Locomotion Scoring System by SPRECHER et 

al. (1997) is a practicable method to detect lameness and to determine lameness in different degrees. 

Even cows with mild lameness can be identified easily. Furthermore, this study reveals that cows with 

scores >1 show a diminished reproductive efficiency than nonlame cows. Besides the negative 

influence of lameness on the CFSI and on the time of conception, the occurrence of conception itself 

was negatively correlated with constrained locomotion.  

Therefore, optimizing claw health management is indispensable in dairy herds with respect to 

reproductive performance and animal welfare. 
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Objective  

Lameness in dairy cows is an expression of pain. Affected cows often show increased plasma levels of 

non-esterified fatty acids (NEFA) and ketone bodies. This might be due to pain induced decreased 

feed intake and hence more fat mobilization from adipose tissues or a disposition to decreased insulin 

sensitivity. Thus, aim of the study was to investigate feeding behavior, activity and insulin sensitivity in 

lame dairy cows and healthy herd mates.   

 

Material and Methods 

21 lame dairy cows (sole ulcers or white line disease of one hind limb; lameness score ≥ 2 on a scale 

from 0-5) were detected by bi-weekly lameness scoring. Lame Cows were matched with healthy herd 

mates (controls) according to parity and days in milk. All cows received functional claw trimming and 

lame cows additionally claw treatment of the affected claw and a wooden block under the healthy 

partner claw. Feeding behavior (dry matter intake (DMI), number of trough visits, feeding rate), body 

weight, milk yield and milk constituents were automatically recorded on a daily basis from day -7 to 

day 7 related to the day of lameness detection (d0). Activity was recorded by pedometers. Blood 

samples were daily collected from d0 to d7 and analyzed for glucose, NEFA, beta-hydroxybutyrate 

(BHB), insulin and cortisol. From glucose, NEFA and insulin RQUICKI was calculated as a surrogate 

insulin sensitivity index. 

 

Results 

Compared to controls in average lame cows showed longer lying periods (11 vs. 13 hours/d, resp., 

p<0.01; 96 vs 116 min/bout resp., p<0.05), spent less time feeding (188 vs. 155 min/d, resp., p<0.01), 

had less trough visits (48 vs 31 /d; p<0.05), and presented higher feeding rates (116 vs 143, resp., 

p<0.05). However daily DMI, milk yield and calculated energy balance did not differ between controls 

and lame cows. Mean plasma concentrations of glucose, BHB, insulin, and cortisol did not differ 

significantly between groups. In lame compared to  control cows mean plasma NEFA (340 vs 175 

µmol/l, resp., p< 0.05) was higher and RQUICKI was significantly lower (0.44 vs. 0.58, resp., p<0.05).  

 

Conclusion 

Early detected mild to moderate lameness reduces activity and thereby feeding behavior in dairy cows. 

DMI appears to remain in such cases unaffected due to higher feeding rates when troughs are visited. 

Increased NEFA plasma levels may be due to reduced activity and muscular NEFA utilization or may be 

an expression increased fat mobilization due to decreased insulin sensitivity. 
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Objective 

The cadaveric study was designed to develop and evaluate a method for ultrasound-guidance in 

performing the proximal paravertebral block for flank anaesthesia in cattle. A small number of clinical 

cases were used to investigate the clinical applicability of the ultrasound-guided technique in cows 

undergoing right flank laparotomy.  

 

Study design 

Prospective experimental cadaveric study and clinical series.  

 

Animals 

Twenty previously frozen lumbar sections of cows euthanized for medical reasons and without known 

spinal abnormalities were used. The clinical case group comprised ten animals for which a right flank 

laparotomy was indicated. 

 

Methods 

Twenty cow cadavers were used to perform ultrasound-guided bilateral injections of 1.0 mL dye at the 

intervertebral foramen at the level of T13, L1 and L2 spinal nerves. Distance and depth of injection, 

staining of the dorsal and ventral nerve branches as well as deviation from the target were evaluated. 

Success in staining the nerve was associated to the investigator’s confidence at visualisation and 

injection. Ten clinical cases received the ultrasound-guided proximal paravertebral anaesthesia. 

Analgesic success was evaluated using a 4-grade scoring system at 10 minutes after the injection and 

during surgery, respectively. 

 

Results 

Using a low volume of dye, both dorsal and ventral branches of the spinal nerves T13, L1 or L2 were at 

least partially stained in 41% of injections, while in 77% of injections one of the branches was stained. 

Five out of ten clinical cases had a satisfactory anaesthesia. There was no significant association 

between confidence at injection and either staining or analgesic success. 

 

Conclusion 

Results from the cadaveric and clinical study suggest no significant improvement using ultrasound 

guidance to perform proximal paravertebral block in cows compared to references in the literature 

using the blind method. 

 

Clinical relevance 

Further research should be conducted to compare the ultrasound-guided technique with the 

conventional blind method. 
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Objective 

To determine the effect of perioperative carprofen on convalescence of calves following umbilical 

surgery. 

 

Animals and procedures 

In a randomized, blinded, experimental study, 23 healthy calves aged 4-7 weeks were treated either 

with carprofen (n = 12; 1.4 mg/kg, IV) or an equivalent volume of physiological saline solution (n = 

11), one hour prior to and 72 hours after surgery. Umbilical surgery took place under isoflurane 

inhalation anaesthesia after induction with xylazine (0.1 mg/kg, IM) and ketamine (2 mg/kg, IV), and 

was combined with an infiltration of the incision line with 15 ml of 2% procaine. Before surgery, as well 

as in the following 10 days, feed intake and weight gain were measured, behavior was assessed using 

a multiple pain and discomfort scale by direct observation and from video recordings. Sensitivity of 

the traumatized tissue to palpation was evaluated by means of a visual analogue scale. Serum cortisol 

levels as well as red blood cell counts were determined and occult blood in faeces as well as serum 

pepsinogen concentrations were monitored. 

 

Results 

Calves in the carprofen-treated group had significantly (P < 0.05) higher mean feed intake (0.31 ± 0.03 

MJ ME/kg BW/d) and weight gain (669 ± 197 g/d) then the control calves (0.28 ± 0.03 MJ ME/kg 

BW/d and 459 ± 197 g/d). Increased well-being in the carprofen treated calves was reflected by 

significantly (P < 0.05) lower scores in the multiple pain and discomfort scale (5 ± 0.5 vs. 9 ± 0.6) and 

visual analogue scale (25 ± 4.7 vs. 38 ± 5.0).  

 

Conclusions 

Perioperative carprofen promotes postoperative well-being resulting in increased feed intake and 

weight gain. 
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Bovine Neonatal Pancytopenia (BNP) is a syndrome of newborn calves that has been noticed in Europe 

since 2006. The BNP affects calves without breed or gender predisposition, the incidence is generally 

between 1% and 5%, but the mortality rate is around 90%. Affected calves exhibit spontaneous 

external bleedings, petechiae and ecchymosis on serosal and mucosal surfaces, melena or 

haematochezia,thrombocytopenia, occasionally hyperthermia, progressive prostration and sudden 

death. The haematological profile is characterized by a progressive and marked panleukopenia, a 

severe thrombocytopenia, normocytic and normochromic anemia due to the acute blood loss. 

Necropsy reveals petechiae and ecchymosis all over organs and tissues, internal haemorrhages, 

subdural and vascular haematomas. A partial or total destruction of the red bone marrow 

(panmyelophthisis) can be observed by the histopathology of the bone marrow. By now, 

epidemiological data collected in European case logs implied the vaccination scheme of case dams 

with one specific BVD inactivated vaccine (PregSure©BVD, Pfizer Animal Health) as the prevalent 

event. This vaccine, growth on a bovine kidney cell line (MDBK), is strongly adjuvated, and able to 

induce both antigen-specific antibodies and T-cell response. It also elicits specific allo-immune 

antibodies in the dam that, after transfer to the calf by colostrum ingestion, bind to blood cells and to 

bone marrow stem cells, inducing cytophagocytosis of the opsonised cells by the reticulo-endothelial 

system.  

The objective of the present study was to verify the hypothesis of subclinical BNP cases, by random 

sampling and haematological analysis in different herds with BNP history, in order to obtain a better 

epidemiological picture of this disease. Blood samples of 100 calves selected in 12 different farms 

located in and around Wallonia (southern Belgium), between September 2008 and November 2012 

were collected from the jugular vein into EDTA tubes. This cohort included 44 Belgian blue, 39 

Holstein-Friesian, 14 cross-bred, 3 Blonde d’Aquitaine calves without wide differences in gender 

amongst the different breeds (57% females and 43% males). They were less than three weeks of age 

(average 14,8 ± 4,02 days of age). Seventy-five calves has received the colostrum of their own dam 

and 25 the colostrum of other dams from the same herd. The parity of the dams was on average 2 ± 

2,7. Eighty-two percent of the dams were vaccinated with PregSure©BVD. Blood cell count, including 

number of white blood cells and thrombocytes, was performed using two electronic cell counters 

(Abbott Cell-Dyn 3500 and Beckman Coulter LH750). The haematological analysis revealed three 

different haematological profiles according to the clinical status of the calf: not-BNP or healthy calves 

(83%), clinical BNP calves (12%) and sub-clinical BNP calves (5%). The statistical analysis of the mean of 

each haematological parameter has been performed by a T-Student unpaired test with assumed 

different variances. The comparison between the average of the red blood cell count in subclinical 

BNP-calves and in not-BNP calves has not shown significant differences (p>0.05), which could explain 

the absence of clinical signs. We herein provide the evidence of subclinical BNP cases in herds with a 

Bovine Neonatal Pancytopenia history. 
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Traumatic reticulo-peritonitis (TRP) is a common disease that affects mainly adult cattle. The affection 

is induced by ingestion of foreign bodies that migrate in reticulum and cause perforations leading to 

local abdominal peritonitis or pericarditis. Appeal signs are hyperthermia, anorexia, a weight loss or a 

drop in milk production. The clinical diagnosis of TRP is difficult because clinical signs are not 

pathognomonic and further tests are needed. The aim of this study was to evaluate the accuracy of 

clinical examination and field ancillary exams for diagnosing TRP. 

Adult cattle referred for suspicion of TRP were examined. Individual data including anamnesis, clinical 

examinations and results of reticular grunt tests (RGT: “boots test”, “withers test” and “stick test”) were 

collected. Glutaraldehyde-test (Glutal) on fresh whole blood, and ultrasonography (US: with 

linear-5MHz-probe) of the rumen-reticulum junction were performed. Clinical examination and results 

of RGT were further defined as “clinical signs”. Glutal was considered as positive with a coagulation 

time below 3 minutes. US was qualified as positive if there was a decreased reticulum motility and/or 

any hetero-echogenic picture in the area of rumen-reticulum junction (showing abscess or local 

peritonitis). Final diagnosis was established by surgery or necropsy (gold standard). Cases were 

assigned into 2 groups: confirmed TRP-cases (A) and not-TRP-cases (B). Accuracy of diagnosis was 

given for clinical signs, Glutal and US using logistic regression and proc logistic procedures (SAS 9.1, 

SAS Institute.  Inc., Cary, NC, USA) and contingence tables (Win Episcope 2.0). 

Ninety-four adults bovine were included in the study whom 39 were TRP-confirmed. The other 55 

composed the control population. No significant difference was found between groups A and B 

(p>0.1) regarding age, speculation type or lactation number. However, group A had a lower lactation 

stage (first 90 days of lactation), compared to group B (p<0.05). There was a significant difference, in 

favor of group A, between the two groups regarding the number of positive US (p<0.001), glutal 

(p<0.05), and RGT (p<0.05). In the frame of field tests TRP-diagnosis, “clinical signs” have a sensitivity 

(Se) and specificity (Sp) of 66% both (Youden’s index = 0.33). Glutal alone has a Se of 37% and a Sp of 

31% (Youden’s index =-0.3) and US alone has Se of 97% and Sp of 61% (Youden’s index =0.58). The 

combination in serial of glutal and US tests decreases the Se (36%) and increases the Sp (73%). 

The US associated with clinical examinations is the most accurate test for diagnosing TRP on the field. 

Clinical signs can be a first step for diagnosing TRP. However, RGT is subject to misinterpretation. This 

study underlines that glutal is an accurate test for inflammation, but is not able to discriminate the 

etiology of such process. This field trial also reveals the importance of US for non-reproductive 

diagnosis in cattle practice. Veterinary practitioners could improve their skills in abdominal 

ultrasonography, using, for example, rectal-5MHz-probe, classically available for reproduction 

follow-up in cattle herds in order to improve clinical diagnosis of foreign bodies. 
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Modern portable ultrasound machines provide the veterinary practitioner with an inexpensive, 

non-invasive tool with which to examine the pleural surfaces and superficial lung parenchyma of cattle 

with suspected respiratory disease however published studies have used 5MHz sector scanners when 

most veterinary practitioners own 5MHz linear scanners used everyday for trans-rectal early pregnancy 

diagnosis.  As a consequence few veterinary practitioners routinely examine the lungs and pleurae of 

cattle with suspected respiratory disease.  Ultrasonographic examination using both 5MHz linear and 

sector scanners of 10 cows with chronic suppurative pneumonia gave similar results with respect to 

the dorsal margin of lung pathology and ultrasonographic appearance of the changes; no 

ultrasonographic abnormalities were observed in 10 healthy cows using either scanner head.  

Dorsally, the lobular lung pathology in four cows with chronic suppurative pneumonia was 

represented by numerous hypoechoic columns extending 2 to 6 cm into the lung parenchyma but 

abruptly changed as the probe was moved ventrally to large hypoechogenic areas corresponding to 

lung consolidation with the echogenic appearance of liver (hepatoid).  The dorsal margin of a pleural 

effusion in one cow was readily identified using both types of scanner as an anechoic area which 

increased in depth as the probe head was moved ventrally but measurement of the effusion was 

limited to only 5 cm with the linear scanner. With some experience, 5MHz linear scanners can be 

successfully used to define the extent of lung pathology in adult cattle with chronic suppurative 

pneumonia.  Such approximation of lung involved in the disease process affords a more accurate 

prognosis. 
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Salmonella Dublin affects both young and adult cattle and is spread by oro-fecal contamination due 

to active shedding dam at parturition or by environment. If the calf survives to the acute stage of an 

enteritis caused by Salmonella, a postsystemic or ascending localization in mesenteric lymph nodes, 

liver, spleen, and gallbladder can occur. But, by now, there is no literature regarding acute cholecystitis 

as complication in carriers. We herein report a case of acute hepatocholecystitis due to S. Dublin. 

A two-month-old, female crossbred Belgian Blue calf was presented at the Clinic for Ruminants for 

anorexia since two days. The initial clinical examination revealed weariness, 8 % of dehydration and a 

severe mucosal jaundice (yellow to orange). Faeces with an orange colour and abundant mucus were 

noticed. The abdomen was supple with a “drop-sound” on the left side and a light reduction of bowel 

sounds on the right. A mild fluid splashing sound was audible on succussion of both sides, but the 

paracentesis was negative. The urine was dark-orange and the test strips were highly positive for 

blood and lightly positive for bilirubin. The haematology revealed a marked neutrophilia and 

monocytosis. Blood biochemistry revealed a slight hyponatremia, an important bilirubinemia (total 

and conjugated), with an increase of bile salts and gamma-GT. The transabdominal ultrasonography 

revealed a hyperechoic liver with a hypoechoic distended gallbladder and anechoic liquid between the 

two structures. Symptoms and results of analysis drew us to a suspicion of cholestasis with a severe 

inflammation. After the hydration status was restored, and after administration of antibiotics, NSAIDs 

and hepatoprotectors, a ventral midline exploratory laparotomy was performed, confirming our 

clinical suspicion. The calf died after 24 hours. The necropsy revealed generalized jaundice, and a 

distended gallbladder without obstruction. Unexpectedly, abomasal content was observed in the 

rumen. The histopathology identified a moderate necrotizing cholecystitis, a severe acute multifocal 

necrotizing hepatitis with a diffuse lymphoplasmacytic cholangitis, acute necrotizing lymphadenitis of 

hepatic lymph nodes and a mild lymphocytic interstitial nephritis, suggesting a Salmonellosis. At the 

bacteriological examination of the bile, a pure culture of Salmonella enteriditis serovar Dublin was 

isolated. A posteriori, breeder noticed that abortion due to salmonellosis occurred and that water 

contamination was suspected as well. 

Acute acalculous cholecystitis (AAC) has been described in humans as a gallbladder disease 

accounting approximately for 10% of all cases of acute cholecystitis. The aetiology is still uncertain, 

may be multifactorial, and includes secondary infection of the gallbladder (through blood drainage or 

directly from the bowel along the common bile duct) following a systemic infection due to bacteria, 

virus, parasites or fungi. The high clinical suspicion of ACC is based on nonspecific findings such as 

epigastric and right hypochondria pain, anorexia, nausea, vomiting, fever, leucocytosis, and abnormal 

liver enzymes. The definitive diagnosis is usually based on imaging procedures. Exploratory 

laparotomy may be avoided in all critically ill patients. ACC is associated with a high mortality rate (30 

– 80 %). 
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The approach of refugia based strategies seems to hold a serious potential to slow down the 

development of anthelmintic resistant parasites in small ruminants. As an option Targeted Selective 

Treatment (TST) has been propagated. Several studies showed that using only one clinical parameter 

for deciding on treatment of the animal is insufficient, because either the criterion is specific for 

gastrointestinal nematodes (GIN) causing anaemia or for GIN causing diarrhoea. But in most of the 

small ruminant flocks combined infections with different GIN are common. Up to now only few studies 

evaluating the reliability of combinations of several different TST criteria have been conducted. The 

goal of the present study was to define and assess a specific combination of TST criteria, which could 

be applied by the farmer and should enable the identification of animals that would benefit the most 

from an anthelmintic treatment. The assessment was done by implementing a decision support model 

on six farms and comparing it to a previously established, since several years ongoing parasite 

management strategy, as all participating farmers were members of the Extension and Health Service 

for Small Ruminants and taking part in the Health Services’ parasite control program. 

The decision support model for the TST groups was based on three criteria: nutrition status, faecal 

consistency and FAMACHA®-score. The scores of the different criteria were added to generate a key 

score; if an animal achieved a key score determined by the farmer of four or higher, the animal was 

anthelmintically treated. Control groups received targeted treatments and were dewormed if the epg 

(eggs per gram of faeces) of a pooled faecal sample was above 1000. All the farms were visited by a 

veterinarian at monthly intervals and every animal was individually examined for general health status 

and the above mentioned criteria. Additionally 5 ml sterile EDTA-blood samples were collected for the 

determination of packed cell volumes and individual faecal samples were taken to perform individual 

faecal egg counts (FEC). Before the examination through the veterinarian the farmer had to assess 

each goat of the TST-group resulting in the individual key factor. Animals requiring treatment were 

treated with levamisole or monepantel respectively, according to their efficacy in the respective farm. 

Investigations took place from April to October in either 2011 or 2012. On one farm infection with GIN 

was permanently low and no anthelmintic treatments were necessary, so no further evaluation was 

done. On all five remaining farms the numbers of treated animals was reduced by implementing TST. 

In all flocks H. contortus showed to be the predominant parasite according to monthly larval cultures 

done for every group. The values of the monthly epg means were similar for the TST and control 

groups on every farm, indicating a similar level of control of GIN infections. No differences in general 

health status were noticed between the two groups. Additionally a good accordance was found 

comparing the key scores determined by the farmers with the veterinarian key scores, showing that 

the decision support model can be used by instructed farmers. Considering that control groups were 

managed with targeted treatments and not with widely-used routine treatments, the obtained results 

seem to be very promising. 
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Iron plays an important role in numerous physiological processes (e.g. synthesis of hemoglobin and 

myoglobin). Furthermore iron is essential for growth and immune functions. Colostrum and milk 

contain only small amounts of iron whereas concentrates and roughages are rich in iron. This is one 

reason why calves should be supplied with concentrates and hay as early as possible. However, the 

consumers demand pale veal, which is considered healthier and still paid a premium. The result is that 

veal but also female calves are rather fed iron restrictive. Austrian legislation requires that the ration of 

the calves must contain sufficient iron that average blood hemoglobin levels of at least 4.5 mmol/l are 

reached. However, it must be considered that this threshold of 4.5 mmol/l is considerably lower than 

the physiological range (6.0 to 9.0 mmol/l). Generally these facts are of increasing animal welfare 

concern. 

The aim of the study was to assess the iron supply of calves of different ages and different rearing 

systems determining their hemoglobin and iron concentration in blood and assess the feeding and 

management. Further the association between iron and hemoglobin concentration should be 

assessed.  

The blood samples were collected on 6 farms from different regions of Tyrol; a convenience sample of 

107 calves was included in the study. The animals were randomly selected on the farm. The animals 

were between 6 weeks and 6 months old. The distribution of the breeds was 30 Simmental (Fleckvieh), 

27 animals were  Austrian Braunvieh and 18 animals were Tyrolean Grey cattle (Grauvieh), the 

remaining 23 animals were other and cross breeds. Blood was taken from the jugular vein. Blood in 

K-EDTA tubes have been used for the determination of the hemoglobin concentration and lithium 

heparin tube for the determination of the iron concentration. The samples were cooled and 

immediately sent to the laboratory of the Veterinary University of Vienna, where they were analyzed 

for iron and hemoglobin concentration using automatic hematology analyzer and atom absorption 

spectrometer respectively. 

The hemoglobin and iron concentrations varied considerably between the farms depending on their 

management and feeding. The hemoglobin concentrations of 99 (93%) calves were above the 

threshold of 4.5 mmol/l, only 8 calves had concentrations below. Just 88 (82%) calves had hemoglobin 

concentrations over 6.0 mmol/l. However, 57 calves (54%) had iron concentrations below the normal 

range (21-33 µmol/l), 24 calves (22%) were within and 26 calves (24%) above the physiological range. 

A correlation coefficient of 0.58 was found for all hemoglobin and iron concentrations, however if only 

the hemoglobin concentration below 6.0 mmol/l are considered the correlations coefficient is higher 

(0.89). 

This study demonstrated that more than half of the calves are iron deficient, which raises serious 

concerns about the current practice in calf rearing. It could be shown that the type of feeding, 

management, and iron supplementation had significant influence on the iron and hemoglobin 

concentration. The threshold value of 4.5 mmol/l seems inadequate as a high number of calves which 

are complying with the legislation (hemoglobin > 4.5 mmol/l) are iron deficient. In comparison to 

Germany (threshold 6.0 mmol/l) and Switzerland (assessment based on iron concentration) the 

Austrian legislation should be reviewed. Further consumers must be educated to change their 

attitudes. 
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Introduction  

During their development, dairy calves experience several changes in feeding, in anatomy and 

physiology of the gastro-intestinal tract as well as in the composition of the gastro-intestinal bacterial 

flora. So far only examinations of selected bacteria, especially pathogenic ones have been performed 

in calves` faeces. Few studies examined physiologically appearing bacteria like Bifidobacteria or 

Lactobacilli. By use of culture based methods only approximately 1 % of the gut bacteria can be 

detected (Dowd et al., 2008), whereas molecular culture-independent such as so-called 

deep-sequencing techniques allow to examine the composition of the whole bacterial microbiota.  

The aim of the presented study was to examine the intestinal bacterial microbiota in calves` faeces in a 

longitudinal study with next generation sequencing technology and to evaluate the influence of time 

and feeding on the bacterial composition.  

 

Materials and Methods  

Six Simmental calves from one dairy farm in Austria were sampled six times: 1. within 12 hours after 

birth, 2. in the second week of live, 3. after addition of starter feed, 4. in the middle of the milk feeding 

period, 5. in the week before and 6. after weaning. Faecal samples were taken directly from the 

rectum. DNA was extracted and after 16S rRNA gene amplification, PCR-products were sequenced 

using a Roche/454 GS-FLX+ Titanium analyser. 

 

Results and Discussion  

In the samples taken within the first hours after birth, only very low amounts of DNA were detected. 

That is in accordance with the knowledge that the intestinal tract of newborn mammals is sterile. With 

increasing time after birth, DNA concentrations, species richness and diversity of the bacterial 

microbiota had a tendency to increase  

Overall, 20 bacterial phyla were detected, but only three dominated: Bacteroidetes, Proteobacteria and 

Firmicutes. In other mammals and humans usually Bacteroidetes and Firmicutes dominate whereas 

Proteobacteria are less abundant. In contrast, in adult cattles a similar distribution could be found by 

Shanks et al. (2011). 

The relative abundance of phyla changed significantly over time and was diverse between animals. 

Also genera showed a high diversity between sampling times and animals. This in in congruence with 

another recent study by Li et al. (2012). These differences might be influenced by feeding as well as by 

other management factors and season. In conclusion, our study analysed for the first time the 

microbial community composition of faeces in Simmental calves and provides evidence for a 

considerable compositional heterogeneity of the faecal microbiota during early gastrointestinal tract 

development. 
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Selenium (Se), copper (Cu), zinc (Zn) and Iodine (I) deficiencies are frequently observed in cattle in 

Europe. The hypermuscled Belgian Blue (BB) breed is particularly prone to these deficiencies because 

of the higher dietary requirements. Inorganic and organic supplements of Se, Cu and Zn are 

commercially available feed sources. The aim of this study was to validate the alleged greater efficacy 

of organic minerals to prevent deficiencies in BB farms. 

A double-blinded controlled field trial was organized in 13 BB farms as a split-plot dividing the 

animals in each farm in 2 groups and randomly assigning to them the 2 dietary treatments. Mineral 

supplements of 100 grams were fed daily to each pregnant dam for at least 2 months before calving. 

Group A received 4 mg Se, as 2 mg Optimin SeY (63% seleno-methionine Se enriched yeast, Nutreco), 

and 2 mg Na2SeO3, 140 mg Cu as 70 mg CuSO4 and 70 mg Optimin Cu (Nutreco), and 500 mg Zn as 

250 mg ZnSO4 and 250 mg Optimin Zn (Nutreco). Group B received the same amounts of Se, Cu, and 

Zn, but only in their inorganic form. Supplements also contained 15 mg I, 6 mg Co and vitamins A, D3, 

E. Farms were visited monthly to record zootechnical and health data from dams and calves. Blood 

samples were taken from dams at T0 (before supplementation), T1 (2 weeks before calving), T4 (2 

weeks after calving by caesarian-section) and T5 (at the end of the study, approximately 2 months 

after calving). Colostrum samples were also taken. Regarding calves, blood was taken at birth, during 

the first week of life, and 2 weeks after birth. Plasmatic Se, Cu, Zn, I, thyroid hormones and 

haptoglobin were measured. Total proteins in plasma and serum were analyzed. Colostrum was 

analyzed for total protein, IgG and Se content. Calf growth, blood parameters and colostrum 

characteristics were studied as continuous variables with PROC MIXED SAS using farm as a random 

effect. Plasma minerals, haptoglobin and thyroid hormones, clustered in 3 subgroup levels of status 

per farm, were analyzed as multinomial cumulative parameters with GENMODE, using MULTINOMIAL 

and CUMLOGIT. This paper focuses on biochemical results of the dams. 

No differences between the treatments were found at T0 for any of the variables (p>0.1). Se status was 

higher at all times in group A (p<0.01), and Zn showed a trend (p=0.08) in favor of group A at T4. No 

difference was found at any time point for Cu or total proteins (p>0.1). Thyroid hormones and their 

ratio were also not different (p>0.1). Haptoglobin was lower at T4 for group A (p<0.05). Colostrum 

density, total protein and IgG were not significantly different between groups (p>0.1) but Se content 

was higher for group A (p<0.01). 

Supplying half of Se, Zn and Cu in organic forms in well managed and only marginally deficient BB 

farms leads to a better Se status in dams and a greater supply to their progeny via the colostrum. This 

effect persisted even 2 months after the discontinuation of the supply of Se in organic form. A trend 

for fewer cases of Zn deficiency was also found in T4. The organic supplement resulted in less 

inflammation 2 weeks after calving, which in BB is always by caesarean section. A partial formulation of 

the mineral supplement with organic trace minerals (50% organic + 50% inorganic) resulted in greater 

nutritional efficacy to sustain Se and Zn status, and additional health benefits reducing inflammation 

in transition BB cows. 
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Abstract 

Mycoplasma bovis has emerged as an important pathogen of dairy calves worldwide.  Several clinical 

diseases are associated with Mycoplasma infections of calves, including pneumonia, otitis, and septic 

arthritis. Clinical disease associated with M. bovis is often chronic, debilitating and poorly responsive to 

antibiotic treatment. Current control measures are primarily aimed at reducing exposure to Mycoplasma 

through contaminated milk or other sources, as well as non-specific control measures to maximize 

respiratory defenses of the calf. 

 

Etiology and Pathophysiology 

Mycoplasma bovis belongs the class Mollicutes, a group of bacteria so named because they lack cell walls 

and are instead enveloped by a complex plasma membrane. They are also characterized by their small 

physical size and correspondingly small genomes. Because of their small genome, mycoplasma bacteria 

usually form an intimate association with host cells to obtain the growth and nutritional factors necessary 

for their survival.
37

 Mycoplasmas typically inhabit mucosal surfaces, including those of the respiratory, 

urogenital and gastrointestinal tracts, the eyes, and the mammary gland.
37

 Their relationship with the host 

can vary from primary or opportunistic pathogens to commensal organisms. 

Mycoplasma bovis is well adapted to colonize the upper respiratory tract (URT), where it may remain for 

long periods of time without causing clinical disease.
6,31

 Disease occurs when host and/or pathogen factors 

result in replication and dissemination to other sites (ie. from the URT to the lungs or middle ear), and/or 

as a result of a the host inflammatory response. Hematologic dissemination from sites of infection can 

occur, with the joints being a frequent site of secondary infection. Dissemination of a bacterial infection to 

the middle ear can occur by several possible routes, including extension of external ear infections via the 

tympanic membrane, colonization of the oropharynx and extension into the tympanic bulla via the 

eustachian (auditory) tube, or by hematogenous spread.
29

 

It is well established that M. bovis plays a primary role in pneumonia, otitis media and arthritis in young 

calves.  There are a number of reports of respiratory disease outbreaks where M. bovis was the 

predominant bacteria isolated from lungs of affected calves.
11,19

 In addition, although bovine respiratory 

disease rarely involves a single pathogen, experimental infection studies have shown that inoculation with 

M. bovis alone can cause pneumonia.
18,34

 However, as with most causes of pneumonia in cattle, 

colonization alone is not always sufficient to cause disease. Mycoplasma bovis can be isolated from the 

URT, trachea, and lungs of calves without clinical disease or gross lesions.
6,39,49

 

Field cases of respiratory disease caused by M. bovis are sometimes accompanied by arthritis, and M. bovis 

has been isolated in pure culture from septic joints, as well as from the lungs of calves with concurrent 

respiratory disease.
1,12,41

 Consistent with the observations of natural disease, arthritis has been induced by 

inoculation of M. bovis into joints or lungs, or intravenously.
18,38,41

 Variation among clinical isolates of M. 

bovis in their ability to cause arthritis in an experimental infection model has been reported. 

In addition to pneumonia and arthritis, M. bovis is the predominant pathogen isolated from the middle ear 

of young calves with otitis media (Arcangioli, 2012).
14,21,23,51 

However, other bacteria are occasionally 

isolated.  However, in the past 15 years, outbreaks of otitis media in groups of  dairy calves around the 

world have been largely attributable to M. bovis infection.
2,23,51

 In an experimental infection study recently 
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done at the University of Florida, immunocompetent calves were inoculated at 7 to 10 days of age by 

feeding milk-replacer containing a field strain of M. bovis.
28

 Inoculated calves were consistently colonized 

in the URT and the eustachian (auditory) tubes, and 37% of calves developed otitis media by two weeks 

post-inoculation. No pathogens other than M. bovis were isolated from the inoculated calves. Therefore, M. 

bovis has been implicated as a primary pathogen of the middle ear in both natural and experimental 

infections. 

 

Transmission 

Mycoplasma bovis is thought to be introduced into naive herds by clinically healthy cattle that are carrying 

this bacteria.
17

 Spread to uninfected animals may occur at the time of introduction into the herd or may be 

delayed until shedding occurs. There is little data published on the epidemiology of M. bovis within calf 

populations, but there are several possible routes of initial exposure. Calves could become infected from 

their dams or from other adult cows in the maternity area that are shedding Mycoplasma in colostrum, 

vaginal or respiratory secretions.
31

 The isolation of M. bovis from vaginal secretions of cows at calving and 

congenital infection of calves have been reported, although both events appear to occur infrequently and 

probably do not play a major role in transmission.
11,26

  

One of the most important means of transmission to young calves is thought to be ingestion of milk from 

cows shedding M. bovis from the mammary gland.
11,12,28,51

 Colonization of the URT by M. bovis occurs more 

frequently in calves fed infected milk than in those fed uninfected milk,
6
 and clinical disease has been 

documented following feeding of M. bovis-contaminated waste milk or in calves nursing cows with M. 

bovis mastitis.
11,12,41,51

 Because milk on many modern dairies is typically batched for feeding to calves, a 

single cow shedding M. bovis can potentially expose a large number of calves to infection. In a field study 

to determine the method of transmission of M. bovis in one Florida dairy herd, 100% of 50 calves exposed 

to M. bovis contaminated waste milk became colonized in the URT by 14 days of age.
11

 Culture of nasal 

and vaginal swabs of cows at calving was only positive for M. bovis in one instance each.  This led the 

authors to conclude that the main method of spread of M. bovis from dam to calf was through 

contaminated waste milk. This hypothesis has been supported by other studies.
12,51

 Additionally, in an 

experimental infection study using young calves, feeding of milk replacer containing a clinically relevant 

dose of M. bovis consistently resulted in colonization of the URT and mild clinical disease by 14 days 

post-inoculation.
28

  However feeding of unpasteurized waste milk is clearly not the only important factor 

in the epidemiology of M. bovis in calves, since clinical disease can occur in herds that feed only milk 

replacer or in herds that effectively pasteurize milk prior to feeding.
23

 The importance of colostrum as a 

source of M. bovis infection in calves is unknown, although in one study, investigators did not isolate M. 

bovis from 50 colostrum samples collected during an outbreak of Mycoplasma disease.
11

 

Whatever the mechanism by which calves become infected, they likely then shed M. bovis in respiratory 

secretions.  Once established on farms, this bacteria becomes extremely difficult to eradicate, suggesting 

that continual transmission from older animals to incoming calves likely occurs.
6
 Transmission is thought 

to be a result of direct or indirect contact of uninfected calves with calves that are shedding M. bovis in 

respiratory secretions.
6,30

 

Potential risk factors for M. bovis infection in young calves include mixing of calves from different sources, 

larger herd size, having adult cows in the herd with M. bovis mastitis, calf pen (hutch) design, ventilation in 

the calf area, and stocking density. Mechanical transmission via fomites may also occur and has been 

implicated in udder-to-udder spread of M. bovis mastitis. Milking of uninfected and infected cows at the 

same time increases the risk for new cases, and milking equipment, teat dip, hands, sponges, washcloths, 

and poor hygiene during intramammary infusion of antibiotics have been implicated in the spread of M. 

bovis.
17

 Mycoplasma bovis was reported to survive at 4C for nearly 2 months in sponges and milk, over 2 

weeks on wood and in water, and 20 days in straw, although higher environmental temperatures dropped 

survival considerably.
31

 In general, survival is best under cool, humid conditions. Surveys of dairy farms in 

the southeastern United States showed that M. bovis was commonly isolated from cooling ponds and from 

dirt lots with recently calved cows on farms that had a history of M. bovis positive bulk tank milk culture.
26
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These studies demonstrate that M. bovis can survive well in the dairy environment, and that mechanical 

transmission via fomites could possibly occur among calves. A recent study however suggested that sand 

was not an effective route of transmission to calves, as animals bedded on contaminated sand did not 

develop clinical disease.
52

 However, further studies are required to examine the role of fomites in the 

epidemiology of M. bovis infection in calf-rearing facilities. 

In summary, young calves can be infected at a very early age by ingestion of milk from cows infected with 

M. bovis.  They are also likely infected by direct or indirect transmission from other calves shedding M. 

bovis in nasal secretions. However, other than the feeding of infected milk, few specific risk factors have 

been identified, and factors associated with dissemination from the upper to the lower respiratory tract 

and clinical disease expression are poorly understood. Clearly, new epidemiological studies would be 

helpful to establish risk factors and to provide guidance for calf producers to reduce Mycoplasma diseases. 

 

Clinical disease in calves 

Clinical disease associated with M. bovis infection of young calves typically presents as pneumonia, otitis 

media, arthritis, or any combination of these.
11,14,23,41,51

 The age of onset of clinical disease in affected 

calves is typically between 2 and 6 weeks but has been reported as early as 4 days of age.
11,26

 Clinical 

disease caused by Mycoplasma tends to be chronic, debilitating and unresponsive to antibiotic 

treatment.
19

 Chronic endemic disease as well as sudden outbreaks can occur. 

Mycoplasma bovis-associated respiratory disease has a similar clinical presentation to other types of calf 

pneumonia. Fever, loss of appetite, nasal discharge, coughing, and both increased respiratory rate and 

effort are typically reported, and concurrent cases of otitis media and arthritis may occur.
1,11,14,23,51

 As for 

other causes of calf pneumonia, lung auscultation reveals abnormal sounds including increased bronchial 

sounds, crackles, wheezes, and areas of cranioventral consolidation in severe cases. Both acute and chronic 

disease can occur, and mixed infections are common.
19,34,49

 Calves with chronic pneumonia often develop 

extreme dyspnea and emaciation. 

Otitis media has been an increasingly recognized in North American dairy calves over the past 15 years.
23,51

 

The clinical signs of otitis media observed include loss of appetite, fever, listlessness, ear pain evidenced by 

head shaking and scratching or rubbing ears, epiphora, ear droop and signs of facial nerve paralysis 

(Figure 1).
2,11,14,47,51

  One or both tympanic bullae can be affected. In some cases, purulent discharge from 

the ear canal is observed following rupture of the tympanic membrane.
14,51

 In addition, calves with otitis 

media often have concurrent pneumonia.
14,23,51

 Otitis interna is a common sequela to otitis media in calves, 

and affected animals exhibit varying degrees of vestibulocochlear dysfunction including head tilt, 

horizontal nystagmus, staggering, circling, falling, and/or lateral recumbency (Figure 2).
23,47

  

Clinical cases of arthritis caused by M. bovis in pre-weaned calves tend to be sporadic and are typically 

accompanied by respiratory disease within the herd and often within the same animal. Affected joints are 

painful and swollen, and calves exhibit varying degrees of lameness and may be febrile during the acute 

phase of disease.
42

  Large joints such as the shoulder, elbow, carpus, hip, stifle and hock are most 

frequently involved.
1,42

 One or multiple joints can be affected, and cattle with M. bovis arthritis are 

frequently culled due to poor response to treatment.
1
 Arthritis appears to be a less frequent clinical 

manifestation of M. bovis infections in dairy calves than in feedlot (beef) cattle. However, outbreaks of 

disease in young calves where arthritis was the predominant clinical presentation have been reported.
12

 

 

Figure 1.  Examples of the clinical manifestations of Mycoplasma bovis otitis in calves. Ear scraching is often 

one of the earliest clinical signs (A), followed by unilateral or bilateral epiphora (B) and ear droop (C, D). 
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Figure 2. Head tilt, staggering, falling and circling are indicative of otitis interna and more advanced clinical 

disease. 

 

 

 

Pathology 

Gross lesions associated with respiratory disease due to Mycoplasma often vary but generally consist of 

cranioventral lung consolidation, sometimes accompanied by multiple necrotic foci.
18,26

 Lungs lobes are 

often a deep red color and may be accompanied by multifocal necrotizing lesions in chronic cases. 

Necrotic lesions can vary from 1-2 mm to several centimeters in diameter and might contain yellow 
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caseous material (Figure 3). They are distinct from typical lung abscesses in that they are not usually 

surrounded by a well-defined fibrous capsule.
23

  Diffuse fibrinous or chronic fibrosing pleuritis are 

sometimes observed, and interlobular septae may contain edema fluid or linear yellow necrotic lesions.
42

 

Lesions in the joints and tendon sheaths of calves with M. bovis arthritis are characterized as necrotizing 

fibrinosuppurative arthritis or tenosynovitis.
38

 Gross lesions vary from minimal to severe, but chronically 

affected joints usually contain yellow, fibrinous to caseous exudate accompanied by thickening of the joint 

capsule. In calves with M. bovis-associated otitis media, affected tympanic bullae are filled with 

fibrinosuppurative to caseous exudate.
23,51

  In chronic cases, lesions frequently extend into the inner ear 

and include petrous temporal bone osteomyelitis.
23

  

 

Figure 3. Mycoplasma bovis pneumonia. Lungs may contain numerous foci of caseous necrosis. 

 

 

Diagnosis 

The occurrence of M. bovis is generally underestimated for several reasons. To begin with, Mycoplasma 

culture requires special equipment and expertise. Many veterinary diagnostic laboratories will not routinely 

attempt to culture this organism unless mycoplasma culture is specifically requested. Secondly, for 

respiratory disease, multiple pathogens are often present. Since other bacteria such as M. hemolytica and 

P. multocida are easier to culture, the presence of M. bovis may be missed. Recent studies suggest that 

Mycoplasma diseases are under diagnosed, perhaps because veterinarians and pathologists fail to 

recognize the infection during routine physical, gross and microscopic examination.
30

 Mycoplasma bovis is 

sometimes associated with a variety of unusual clinical presentations in which its involvement is not widely 

recognized, and so appropriate diagnostic tests may not be requested. 

A history of respiratory disease that is poorly responsive to antibiotic therapy is suggestive of M. bovis 

involvement, especially when accompanied by cases of arthritis and/or otitis media. Although the 

associated lung pathology can be variable, multiple nodular lesions of caseous necrosis are strongly 

suggestive of M. bovis infections. However, as there are no pathognomonic pathological lesions for 

Mycoplasma diseases, a definitive diagnosis is based on isolation of M. bovis from the affected site, and/or 

by demonstration of its presence in affected tissues by polymerase chain reaction (PCR), capture 

enzyme-linked immunosorbent assay (ELISA) or immunohistochemistry (IHC). 

The culture of bovine mycoplasmas requires the use of nutritionally complex media as well as a moist 

carbon-dioxide enriched atmosphere. Growth of M. bovis in appropriate media is typically apparent by 48 

hours, but may take up to 10 days.
30

 Mycoplasmal colonies on solid media are identified by their 

characteristic morphology (Figure 4); growth in broth is indicated by turbidity, film formation, and by 
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subculture onto solid media.  A number of pathogenic and non-pathogenic bovine mycoplasmas may be 

isolated from the URT or from sites of pathology, either alone or in mixed infections.
23,30

 Many of these 

cannot be differentiated morphologically from M. bovis, so speciation by immunological methods (direct 

or indirect immunofluorescence or immunoperoxidase testing) or by PCR is necessary.  

 

Figure 4. Colonies of Mycoplasma bovis on solid media have the “fried egg” morphology that is typical of 

many mycoplasma species when viewed under a stereomicroscope (x40 magnification). 

 

 

In live calves with clinical signs of respiratory disease, culture of transtracheal wash or broncho-alveolar 

lavage (BAL) fluids are suitable for the diagnosis of M. bovis infections.
44,50

 In calves with arthritis, affected 

joints and tendon sheaths can be aspirated for culture. Due to difficulties with access to the site of 

infection, samples are not usually collected from the tympanic bulla in live calves with otitis media.   

Sample handling and transport are particularly important to ensure the survival of M. bovis. Swabs should 

be collected into transport media such as Ames (without charcoal) or Stuart’s. Swabs, lavage fluids, 

aspirates, milk and colostrum samples should be refrigerated, and tissue samples should be collected as 

soon as possible after death and placed in sealed plastic bags on ice. Samples should be transported to 

the laboratory within 24 hours.
7,8

 If samples such as milk are stored frozen, they should still be submitted 

within 7 to 10 days of collection, as longer storage significantly decreases the isolation of M. bovis.
8
     

In part to address frustrations with conventional culture techniques, a variety of PCR systems have been 

developed for the diagnosis of M. bovis infections.
3,5,33

 PCR can be used for the speciation of mycoplasmas 

that have already been isolated by routine culture methods,
3
 as well as for the direct detection of M. bovis 

in clinical samples.
33

  However, PCR performed directly from clinical samples can have variable sensitivity, 

and some studies have reported that samples containing < 10
2
 colony forming units/ml were often 

detected as negative by PCR.
26

 This detection level would be no better than standard culture procedures.   

Immunohistochemical demonstration of M. bovis antigen within tissues is a sensitive and specific means of 

determining the involvement of M. bovis in gross or histologic lesions.
22,35

 Advantages of IHC are that it 
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performs well using formalin fixed, paraffin embedded tissues, and can be performed retrospectively, 

especially when other findings suggest a M. bovis infection but culture is negative. An additional advantage 

of IHC is that it reveals the location of M. bovis within lesions.   

Although a variety of antibody tests are available (including an indirect hemagglutination test (IHA) and an 

indirect ELISA), serology does not appear to be helpful for the diagnosis of Mycoplasma in calves. 

Mycoplasma bovis-specific serum immunoglobulin (Ig) is detectable as early as 6 (IgM) to 10 days (IgG) 

after experimental inoculation of M. bovis into the respiratory tract.
24

 Specific serum immunoglobulin 

concentrations remain elevated for months to years after M. bovis infection, so a high titer does not 

necessarily indicate very recent exposure.
30

  Maternal antibody can also result in high antibody levels in 

young calves, although with a half-life of 12 to 16 days, this typically disappears by a few months of age. 

Virtala et al., reported that of 75 pneumonic dairy calves less than 3 months of age in which M. bovis was 

isolated from tracheal wash samples, only 57% had a 4-fold or greater increase in M. bovis serum antibody 

titers by IHA.
50

 The authors concluded that paired serum samples were not a good predictor of M. 

bovis-associated respiratory disease, possibly due to the presence of maternal antibody titers.  Other 

investigators also failed to find a correlation between serum antibody titers to M. bovis and M. 

bovis-associated respiratory disease in naturally infected individual animals.
25

 Therefore, serology is of 

limited diagnostic value in individual animals and is really most useful for surveillance of herds. 

 

Treatment 

The fact that Mycoplasma species lack a cell wall has important implications for treatment, as it means the 

beta-lactam antibiotics are ineffective.
43

 Mycoplasma species are also naturally resistant to sulfonamides.  

Antimicrobials that have a theoretical basis for efficacy against M. bovis include the macrolides, 

flouroquinolones, tetracyclines, and florfenicol. Recent evidence suggests that antimicrobial resistance to 

antibiotics traditionally used for treatment of mycoplasma infections is increasing in field isolates of M. 

bovis in North America
15,36

 and Europe.
4,45

 Isolates from both continents show widespread resistance to 

tetracyclines and tilmicosin, and European isolates show increasing resistance to spectinomycin. Although 

in vitro antibiotic susceptibility profiles of M. bovis may be useful in making broad generalizations about 

antibiotic resistance, data have not been published on the relevance of these profiles to clinical efficacy on 

an individual or a herd level. The antibiotic susceptibility profiles of paired M. bovis isolates obtained from 

nasal swabs and BAL samples in calves with respiratory disease were found to differ considerably within 

animals, suggesting that if susceptibility profiles are used, they need to be based on isolates obtained from 

the site of infection.
44

   

In spite of the limited choice of potentially effective antibiotics available, antibiotics are widely used to 

treat Mycoplasma diseases. However, treatment is frequently unrewarding, with affected cattle requiring a 

long duration of treatment or failing to respond to therapy.
1,14,31,34,47,51

 Calves with chronic and/or 

multisystemic disease are reported to have a particularly poor response to treatment.
1
 There are few 

controlled clinical trials evaluating the efficacy of various antibiotics available for treatment of Mycoplasma 

diseases, and the few efficacy studies published must be interpreted with caution since most use 

experimentally infected calves and treatment is often started early in the course of disease.
16,20,34

 In an 

industry sponsored study, tulathromycin was an effective treatment for respiratory disease in dairy calves 

that had been experimentally infected with M. bovis, when treatment was initiated at 3 or 7 days after 

inoculation.
16

 Likewise, tilmicosin administered 6 hours prior to inoculation or at the onset of clinical 

disease was effective in reducing lung colonization by M. bovis in calves that had been experimentally 

infected with M. hemolytica and M. bovis.
20

 However, treatment with spectinomycin did not alter the clinical 

course of disease in calves with M. bovis and P. multocida pneumonia when treatment was started 6 days 

after inoculation, although the numbers of M. bovis in the lung were reduced in treated calves.
34

  

A European trial demonstrated that marbofloxacin was an effective treatment for naturally-occurring M. 

bovis-associated respiratory disease.
46

 Available therapies that have resulted in clinical improvement in 

calves with M. bovis-associated respiratory disease in field trials include oxytetracycline, tilmicosin, or a 

combination of lincomycin and spectinomycin.
32

 However, given the recent evidence that resistance 
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against these drugs is increasing, these antibiotics may no longer be appropriate choices. Without other 

data to guide choice of an antibiotic, selection of a specific treatment regimen from the list of potentially 

effective antibiotics based on past performance in the affected herd is frequently recommended.
42

  

Irrigation of the middle ear after the tympanic membrane ruptures has been recommended for treatment 

of otitis media in calves.
29

 Puncture of the tympanic membrane (myringotomy) followed by insertion of 

tympanostomy tubes is commonly used in the treatment of children with chronic or recurrent otitis media, 

and some veterinarians have promoted blind myringotomy using a sharp object such as a knitting needle 

in the treatment of otitis media in calves.  Studies on the risks and efficacy of this procedure in clinical 

cases have not been published. The potential benefit of myringotomy is the relief of pain and pressure 

caused by the build-up of exudate in the middle ear, as well as access to the middle ear for irrigation.
48

 

Whether the procedure might provide relief for calves that have the thick, caseous exudate characteristic 

of chronic M. bovis otitis media is not clear.  

To summarize, antibiotic treatment of Mycoplasma diseases is often unrewarding, especially in calves with 

chronic or multisystemic infections. Improved efficacies are reported in experimental infection studies 

when treatment is initiated early in the disease course, suggesting that early intervention or, perhaps, 

metaphylactic therapy in high risk calves may be more rewarding. For example, when dealing with otitis 

media it is likely that initiation of treatment at the earliest onset of clinical signs (such as ear scratching or 

head shaking accompanied by fever) will be more successful than waiting until disease is more advanced 

and an obvious ear droop is present.  Extended duration of antimicrobial therapy is frequently 

recommended for Mycoplasma diseases, however there is a significant need for more controlled clinical 

trials to evaluate current therapeutic and metaphylactic antibiotic regimens for the treatment of calves 

with respiratory disease and/or otitis.  

 

Control and prevention 

Results of epidemiological studies of mycoplasma mastitis suggest that the best way to prevent M. bovis 

infection is to maintain a closed herd or to screen and quarantine purchased animals. Results of such 

studies also suggest that Mycoplasma mastitis can be effectively eliminated from dairy herds through 

aggressive surveillance and culling of infected cows.
10,13

   

Current recommendations for prevention of Mycoplasma in calf rearing facilities are based on reducing 

exposure to the bacteria. Potential sources of exposure that could be controlled include unpasteurized 

bulk tank or waste milk, colostrum, and indirect or direct contact with respiratory aerosols from infected 

calves. Exposure to M. bovis in milk could be limited by culling infected cows or avoiding the feeding of 

milk from infected cows in herds where the M. bovis status of the lactating cows is monitored. A more 

practical method of reducing exposure to M. bovis is by pasteurizing milk prior to feeding, or by feeding 

milk replacer.
12,40,51

 On-farm pasteurization of waste milk to 65C for 1 hour or 70C for 3 minutes,
12

 or the 

use of a high-temperature short-time pasteurizer will inactivate Mycoplasma species.
40

 Frequent 

monitoring by culture of pasteurized milk samples to ensure that pasteurization has been effective is 

important in any on-farm pasteurization program.  

Large numbers of bacteria are shed in the respiratory secretions of calves with clinical Mycoplasma.
6,31

 It 

has therefore been recommended to segregate affected and healthy calves, although this is frequently 

impractical.
42

  Other recommendations that have been made include taking appropriate precautions to 

prevent potential transfer of M. bovis between calves by personnel or equipment.
30

 Nipples, bottles, tube 

feeders and buckets should be adequately sanitized, and pens disinfected between calves. M. bovis 

survives surprisingly well in the environment, but it is highly susceptible to heat and to most commonly 

used chlorine, chlorhexidine or iodine-based disinfectants.
9
  

 

Vaccination 

Most vaccine trials aimed at preventing disease due to Mycoplasma bovis in calves have been unsuccesful 

to date.  For example, in one study, 2 month old dairy calves were vaccinated with a formalin-inactivated 

bacterin prepared from two strains of M. bovis.
26

 Calves received a single booster at 3 weeks 
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post-vaccination, and were challenged by transthoracic inoculation of M. bovis. Vaccination exacerbated 

disease, with four of five vaccinated calves as compared to only one of five control calves developing 

severe respiratory disease. A similar exacerbation of disease was seen in calves vaccinated with partially 

purified membrane proteins from M. bovis; as clinical disease and pathology following aerosol challenge 

were more severe in vaccinated calves than in controls. In a field trial using 330 neonatal dairy calves in 

two Florida herds with endemic M. bovis disease, calves were vaccinated at 3, 14 and 35 days of age using 

a commercially-available M. bovis bacterin (Maunsell et al., 2009).
27

 The vaccine was not efficacious in 

reducing morbidity or mortality due to respiratory disease, otitis media or arthritis in these herds.  The 

response to vaccination was herd dependent, with a higher rate of otitis media associated with vaccination 

in one herd. Most calves in the study became colonized with M. bovis in the first 2 weeks of life, and most 

clinical disease occurred between 3 and 6 weeks of age. The early age at which calves can become infected 

with M. bovis in endemically infected facilities perhaps presents the biggest challenge to the development 

of an effective M. bovis vaccine for use in young calves. Despite very limited data on the field efficacy of M. 

bovis vaccines, a number of vaccines for M. bovis are licensed for marketing around the world. However the 

vaccines reported to date do not prevent colonization of the upper respiratory tract with Mycoplasma and 

vaccination can also induce harmful effects.    

 

Summary 

Mycoplasma bovis has emerged as an important pathogen of dairy calves worldwide. A variety of clinical 

diseases are associated with M. bovis infections of calves, including respiratory disease, otitis media, 

arthritis and some other less common presentations. Clinical disease associated with M. bovis is often 

chronic, debilitating and poorly responsive to antimicrobial therapy. Current control measures are centered 

on reducing exposure to M. bovis through contaminated milk or other sources, as well as non-specific 

control measures to maximize the respiratory defenses of the calf. However these management strategies 

often fail to control clinical disease. The development of improved preventive, control and treatment 

strategies for diseases caused by Mycoplasma in young calves is hampered by a lack of understanding of 

the epidemiology of M. bovis infections in young calves and of the host-pathogen interactions involved in 

the establishment of infection and development of clinical disease. 
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It was the aim of this study to evaluate the preference of dairy cows for different free-stall surfaces under 

field conditions. The study took place in a commercial free-stall barn, where three different types of 

free-stall surfaces were installed. 14 cubicles were filled with a 12cm deep bed consisting of short-cut straw 

mixed with calcium-carbonate. In 12 cubicles comfort-mattresses were installed and 28 cubicles presented 

rubber mats as a surface. Every cow in the herd hat access to each of the 54 free-stalls. 2 hours after 

morning-milking (1st visit) and 2 hours after feeding (2nd visit) the stall use (cows lying) was evaluated. 

The cow-comfort-quotient, the cud-chewing-index and the stall-standing-index were calculated. The cows 

significantly preferred the straw-filled stalls. The average (Ø) percentage of cows found lying in these 

cubicles was 91.88%. The stall use of the mattress-stalls was Ø 58.01% and of the rubber mat-stalls Ø 

42.86%. The Ø cow-comfort-quotient (CCQ) of the straw-filled stalls was  Ø 95.06%, whereas the CCQ of 

the mattress-stalls (Ø 80.60%) and the rubber mat-stalls (Ø 79.99%) was significantly lower. Only the CCQ 

of the straw-filled stalls was higher than the required limit of 85%. The evaluation of the 

cud-chewing-index resulted in no difference between the three free-stall surfaces. The stall use found 

during the 1st visit was significantly higher (Ø 76.26%) than during the 2nd visit (Ø 55.13%). But only the 

stall use of the mattress- and rubber mat-stalls were lower during the 2nd visit. The difference was Ø 

78.79% to Ø 42.24% for the mattress-stalls and Ø 78.79% to Ø 32.76% for the rubber mat-stalls. The 

overall CCQ did not change significantly concerning the 1st and the 2nd visit. Only for the rubber 

mat-stalls the CCQ that was significantly lower concerning the 2nd visit. During the 2nd visit more cows 

were found ruminating (Ø 50.80% to Ø 39.41%) in all but the rubber mat-stalls. In this study cows showed 

a significant preference for the free-stalls filled with short-cut straw. Stall use can be an indicator of cow 

preference and preference can be interpreted as a measure of cow comfort. Cow comfort is an important 

factor concerning animal health and rate of replacement. Therefore the cow comfort contributes to the 

economy of dairy farming. 
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In dairy cows, infectious as well as non-infectious production diseases emerge predominantly during 

the first weeks of lactation due to high metabolic stress. The daily routine assessment of the health 

status in the first days after calving is progressively implemented to detect production diseases as 

early as possible und to minimize negative consequences on the subsequent lactation by rapid and 

aggressive therapy. The objective of the study was to develop a protocol for examination which 

enables the herd manager to assess the health status of dairy cows reliably in a few minutes. 

Therefore, clinical investigations were performed in 56 primiparous and 113 pluriparous German 

Fleckvieh cows to assess 30 parameters on each day over two weeks starting at the day of calving. A 

total of 2,294 clinical examinations was evaluated which resulted in each case in a classification of the 

clinical status of the cow into one of four scores (1 - healthy; 2 – restrictively healthy; 3 – questionable; 

4 – diseased). The cows were scored to be healthy in 1,793 examinations (78.8 %) (status 1 and 2). A 

definite classification was not possible in 73 examinations (3.3 %; (status 3).  Examinations revealed 

indicators for specific diseases in 428 examinations (18.7 %; status 4). Results of clinical investigations 

were analysed thereafter to identify those parameters which are indispensable to allow an assessment 

of the health status with a comparative reliability as 30 parameters. Five parameters proved to be 

appropriate, i. e. posture, rectal temperature, vaginal discharge, rumen fill and secretion of the 

mammary gland. Only 14 examinations (0.6 %) would miss detection of questionable or sick cows, 

whose health status was 3 or 4 on the day of examination and the following day using 30 parameters. 

It is concluded that the daily routine assessment of only five clinical parameters ensures a reliable 

assessment oft the health status of Simmentaler cows in the first two weeks of lactation. 
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This study investigated characteristics of veterinarians associated with proactive participation in the 

herd-level control of three major endemic diseases of dairy cattle. Two levels of veterinary input were 

considered: (i) ‘gold standard monitoring’ i.e. on-going data analysis, risk assessments and strategic 

laboratory testing, and (ii) ‘regular control advice’ i.e. not gold standard monitoring, but regular 

involvement with herd-level disease control ≥ 3 times per year. 

 

Data were collected by interview from 94 randomly selected vets, working in 20 practices throughout 

England, UK. Time spent working with dairy cattle was split: 0-25%, 6 vets (6%), 25-50%, 16 vets (17%), 

50-75%, 27 vets (29%), and >75%, 45 vets (48%). Median years qualified=7, with a range from 2 

months to 37 years. The distribution of the number of farms veterinarians reported they were actively 

involved with, showed that for both levels of veterinary input, and for each disease, the modal (i.e. 

most popular) answer was zero farms. Two ordered multinomial models were fitted in a Bayesian 

framework, with gold standard monitoring and regular control advice as the response variables, and 

veterinary practice as a random effect.  Each response variable had 4 categories: (a) no involvement, 

(b) one out of three, (c) two out of thee, (d) all three, where numbers relate to involvement with 

mastitis, lameness, Johnes on ≥1 farm. For gold standard involvement, distribution of veterinarians by 

these categories was: a=35 (37%), b=23 (25%), c=19 (20%), d=17 (18%), and for regular advice: a=14 

(15%), b=7 (7%), c=27 (29%), d=46 (49%).  

 

Results showed that partners, males, those who had recently attended more dairy cattle specific 

educational training events, who read more journals, and who held cattle-specific post-graduate 

qualifications, were all more likely to be involved both in the delivery of one or more gold standard 

disease control programmes, and to give regular control advice (P≤0.05). Reduced time spent working 

with dairy cattle was associated with decreased involvement (P <0.05). 

 

These results highlight the importance of post-graduate education and employment status with 

respect to proactive veterinary involvement with herd-level disease control. Given the fact that this 

sample was biased towards veterinarians who spend the majority of their time working with dairy 

cattle, in absolute terms, active involvement in gold standard disease control monitoring could be 

considered ‘poor’. Unfortunately, but not unsurprisingly, the results support the notion that active 

participation to any degree at a herd-level requires veterinarians to actively keep their knowledge and 

skills up-to-date and reduced time spent working with dairy cattle is a barrier. Regrettably, our results 

bring to the fore the question of veterinary tracking and specialization at any early career stage. Whilst 

in many aspects desirable, can the veterinary profession and farming community really afford 

omni-competent vets? 
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In livestock production, the term biosecurity describes all measures implemented to prevent infectious 

agents from entering and spreading within an animal production unit. A number of recommendations 

on which biosecurity measures should be implemented have been published however few data are 

available on the effectiveness of individual measures. This knowledge gap is the consequence of 

complicated and laborious methods required to assess the effects of biosecurity measures. Expert 

elicitations are an established method for gathering knowledge in a field where data are not available. 

In a modified Delphi method the effectiveness and the importance of 31 individual on-farm 

biosecurity measures were evaluated by eight Swiss cattle disease specialists. The assessment of the 

importance was based on the current situation in Switzerland, by taking into consideration the Swiss 

legislation, farming structure, animal health status and feasibility of each measure. Alternatively, the 

effectiveness was specifically evaluated for individual pathogens and reflects the strength of each 

measure in preventing a particular infectious agent from entering or spreading within an animal unit. 

The pathogens considered by the experts were those causing Bluetongue (BT), Bovine Viral Diarrhea 

(BVD), Foot and Mouth Disease (FMD) and Infectious Bovine Rhinotracheitis (IBR). A good working 

hygiene and raising disease awareness among farmers were rated as being the most important 

measures, whereas geographical barriers, indoor housing and prevention of contact with pets as the 

least important ones. Furthermore, the following measures were assessed as being the most effective: 

raising disease awareness among farmers (BT), vaccination (BT), purchase of cattle from farms with 

known disease status (BVD, IBR), testing cattle before alpine pasturing (BVD), no contact of farm 

personnel with cloven-hoofed animals from other farms (FMD). A number of measures were rated as 

not being effective such as, prevention of contact with pets (all diseases), storage of feedstuff under 

dry and protected conditions (all diseases) and rodent control (BT, BVD) . The data were used to 

establish a database that combines the effectiveness and importance of individual measures. 

Calculations allow generating recommendations for the implementation of on-farm biosecurity 

measures that can be applied under Swiss housing and management conditions. 
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Switzerland is officially free from bovine Tritrichomonas foetus. However, only bulls used in artificial 

insemination (AI) are routinely tested for the pathogen, whereas bulls used in natural breeding as well 

as aborted fetuses are only very sporadically tested. The widespread occurrence of feline T. foetus in 

the Swiss cat population, together with reports of successful experimental infection of heifers with 

feline T. foetus, prompted us to conduct a study to investigate the prevalence of T. foetus infection in 

the cattle population at risk in Switzerland. We therefore surveyed (1) bulls >2 years of age used in 

natural breeding and sent to slaughter, (2) bulls used for natural service in herds with or without 

fertility problems, and (3) aborted fetuses. Furthermore, the routinely tested bulls used in AI (4) were 

included in this study. In total, approx. 1200 samples from bulls in the above mentioned categories 

and 60 abomasal fluids of aborted fetuses were analyzed by both in vitro cultivation and PCR for the 

presence of T. foetus. The pathogen could not be detected in any of the samples. Based on the sample 

of 1200 bulls, the system sensitivity to detect a target prevalence of 0.3% was estimated to be 96.8%. 

These results indicate that even if bovine T. foetus is endemic in the cat population there is a low 

probability of transmission to bulls. 

 



114 
 

How to trace paratuberculosis - environmental sampling is a useful diagnostic 

approach on herd level 

 
Karsten Donat

1
, Julia Kube

1
, Jessica Dressel

1
, Ute Schau

1
, Esra Einax

1
 

 
1
Thüringer Tierseuchenkasse, Animal Health Service 

 

Objective 

Paratuberculosis, or Johne’s disease, causes significant economic losses in the cattle industry. Early 

identification of infected herds is a critical issue in voluntary paratuberculosis control programs due to 

the fact that it is necessary to convince farmers to take part and to reduce the economic impact. Since 

clinical disease is frequently underdiagnosed, a cost saving but effective diagnostic tool is needed to 

identify infected herds at sufficient level of statistical certainty. Bacterial culture of environmental fecal 

samples was proofed to detect Mycobacterium avium spp. paratuberculosis (MAP) in free stall dairy 

herds. This study aimed to compare the detection of MAP in environmental fecal samples (ES) by a 

direct PCR method to fecal culture on a solid medium. 

 

Materials and Methods 

A total of 20 free stall dairy herds were selected from the farms which took part in the voluntary 

paratuberculosis control program in Thuringia in 2011. Of the 17 MAP-positive herds, 14 were 

classified as low prevalent and three as high prevalent herds (positive controls) according to the test 

results of the years 2008-2010. Three MAP negative herds which never had a MAP positive test result 

in annual testing of all cows as required by the control program served as negative control herds. In 

2011, all cows of theses herds (n = 5063) were tested by individual fecal culture to define the actual 

within-herd prevalence of MAP shedders (P). For cultivation Herrold’s egg yolk medium (HEYM) with 

mycobactin was used, positive samples were further characterized by Ziehl-Neelsen staining IS900 PCR 

according to Englund et al. (1999). In spring (cold season) and summer (hot season) 2011 five ES per 

herd were collected from following locations: floor of lactating cows housing pens, waiting pen, 

calving pen, sick cow areas and crossover alleyways to the calf area. MAP detection in ES was carried 

out both by fecal culture and a direct real time PCR combined with a DNA extraction method using 

magnetic beads.  

 

Results 

Out of the 14 low prevalent herds, P was below 5% in seven herds and above 5% in six herds, resulting 

from the individual testing in the study years. In one herd none of the cows was MAP positive. The 

three negative herds were confirmed to be negative, and as, expected, the high prevalent herds had a 

P>10%. Using the fecal culture, nine out of the 16 positive herds (56%) were identified as MAP positive 

by ES done twice. For P>5%, ES in eight out of nine herds (89%) led to a positive herd status. The 

direct real time PCR in ES collected twice identified 13 out of 16 as MAP positive. Considering only the 

nine herds with P>5%, a 100% detection rate was achieved.  

 

Conclusions 

1) The detection of MAP in ES is an adequate diagnostic approach to identify MAP positive dairy 

herds, unless in herds with P<5%, were negative results are unconfident. 

2) For small farms up to 20 cows the environmetal sampling approach in combination with a direct 

real time PCR and an effective DNA extraction method ensures a reliable detection of MAP positive 

herds. 

3) The direct real time PCR was more reliable for detection of MAP in this study, whereas fecal 

culture of ES was affected by contamination with accompanying bacterial flora. 
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Bovine besnoitiosis, caused by Besnoitia besnoiti, is a chronic and debilitating disease. The most 

characteristic clinical signs of chronic besnoitiosis are visible tissue cysts in the scleral conjunctiva and 

the vagina, thickened skin, and a generally poor body condition. However, many seropositive animals 

remain subclinically infected, and the role that these animals play in spreading the disease is not 

known. The aim of the present study was to assess the serological status, tissue distribution, and 

parasite load of subclinically infected animals. Histopathological, immunohistochemical and molecular 

analyses were performed using several tissues from the respiratory and reproductive systems, in 

addition to other internal organs and skin, from six cows that had exhibited scleral cysts and specific 

antibodies in the past but did not show any clinical signs at the time of slaughter. Tissue cysts were 

located primarily in the upper respiratory tract, i.e., the rhinarium and larynx/pharynx, were found in 4 

cows. The next most common cyst locations were the distal genital tract (vulva/vagina) and the skin of 

the neck, found in 3 and 2 cows, respectively, out of the 4 cows showing cysts in the respiratory tract. 

We were unable to detect any parasite in the remaining 2 cows. Tissue cysts were located in the 

conjunctive tissue, and in two cows, these cysts were associated with a non-purulent inflammatory 

infiltrate consisting primarily of T lymphocytes. The correlation between the histopathological results 

and PCR was very good, although the latter was moderately more sensitive. The parasite burden, 

estimated based on the number of cysts and the quantitative real time-PCR results, was very low. It is 

noteworthy that the only animal that showed a recent increase in seropositivity showed the highest 

burden and the most conspicuous inflammatory reaction against the cysts.  

In conclusion, although these cows no longer displayed any visible signs of besnoitiosis, they 

remained infected and therefore may still be able to transmit the parasite. 
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In Brittany, around 12,500 dairy and 5,000 beef herds are enrolled in a regional BVDV control scheme 

aiming at eradication. The aim is to present the main characteristics of this control and the main 

results after 12-years of implementation. This scheme is based neither on systematic individual tests 

neither on systematic vaccination. Its first step consists to assess the status of each herd based on the 

detection of antibodies in bulk tank milk (BTM) or in pooled blood sample by using a blocking ELISA. 

Dairy herds having 3 consecutive BTM samples (taken every 6 months) with a percentage inhibition < 

35% (ie with a within-herd seroprevalence < 10%) at each sampling time, and beef herds whose all 

blood samples are seronegative at each sampling time (once a year) are classified as free for BVDV 

infection and are exempted of further test. In the other, screening and/or individual tests are 

implemented, to detect persistently infected (PI) animals. All PI animals are prohibited for pasture and 

slaughtered within one month. As a rule of thumb, vaccination is not recommended, and only 

implemented in particularly at-risk situations. A crucial key in a BVDV control scheme is to guarantee 

animals as non PIs in case of trade between farms as well as to limit their contacts with other herds. At 

the beginning of the scheme, this goal was achieved based only on individual tests (antigen ELISA). 

This procedure is now replaced by an original safety system of individual certification as non-PI 

animal. Three types of criteria ((i) individual tests results, (ii) tests applied to pooled/aggregate 

samples and (iii) epidemiological knowledge on BVDV pathogenesis and transmission are used to 

individually certify animals: are considered as non-PIs: i/ eg. antibody positive animals older than 6 

months, antigen negative animals older than 6 months, PCR negative animals, ii/ eg. dairy cows 

belonging to a dairy herd considered as free of BVDV infection for at least one year, iii/ eg. heifers 

older than 19 months in BVDV free herds. All these animals are registered in a database and are 

exempted of further tests in case of trade. A quality insurance procedure is implemented to detect 

abnormalities and to assess the relevance of each inclusion criterion. Abnormalities (ie an animal 

certified as non-PI from one criterion further detected as PI based on another criterion) are 

investigated and compiled. For each criterion, the ratio “number of abnormalities (ie PIs) /number of 

animals present in the database” is calculated. A criterion showing an excess in ratio value is excluded 

from the certification system. 

In 2001, 36.4 % of herds were considered as free of BVD while they are 80% in 2012. In 2001, 10 % of 

herds harbored at least one PI vs <1 % in 2012. In Brittany, more than 75% of animals are now 

included in the non-PI database. Less than 3 % of animals are vaccinated every year. At herd level, less 

than 40 herds exhibited new infections in 2012. Systematic epidemiological investigations are 

implemented in these herds to evidence the respective role introduction of non-certified animals and 

putative contact with PIs in the neighboring. 

These results suggest that eradication of BVDV is possible if based on a systematic classification of 

herds (by using ELISA on BTM) as free vs infected herds, a systematic detection of PI animals in 

infected herds, a certification of non-PI animals in case of trade, vaccination being an additional 

measure in at-risk herds. 
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Perinatal calf mortality rates generally vary from 2% to 10%. Mortality rates have increased over the 

last few years in the United States as well as in several European countries. In Switzerland we 

measured an overall perinatal mortality rate of 2.4%. 71.6% of these calves were stillborn and the 

remainder died within 24 h of birth. Perinatal mortality rates associated with dystocia and normal birth 

were 21.0% and 1.7%, respectively. The relative risk of dystocia resulting in a stillborn calf was 12.2 

times that of a normal birth. In many cases, the reason for the higher mortality following dystocia is 

fetal asphyxia. 

This type of asphyxia develops during birth and is characterized by hypoxia, hypercapnia and blood 

acidosis. A reduced gas exchange in the placenta or a reduction of blood flow between the fetus and 

the placenta can cause these changes in blood gas and acid-base-balance. We could show that there 

is a correlation between the umbilical blood flow and the degree of asphyxia after birth. Calves with a 

blood pH > 7.2 had a higher mean total blood flow than calves with a pH < 7.2.  

The therapy of fetal asphyxia includes the treatment of a potential metabolic acidosis and stimulation 

of breathing to establish adequate gas exchange in the lung. We investigated the effect of doxapram 

(1 mg/kg i. v., Dopram-V, Albrecht), lobelin (0.125 mg/kg i. v., Zoolobelin, Fatro) and prethcamid (0.1 – 

0.2 ml/kg buccal, Respirot, Novartis) on respiratory, blood gas and acid-base variables in 17 healthy 

neonatal calves. Doxapram resulted in an increase of the respiratory frequency and the minute 

ventilation from 69 ± 23 breaths/min resp. 13.83 ± 5 L/min to maximum values of 105 ± 33 

breaths/min resp. 28.45 ± 12.31 L/min within 1 min. Prethcamid and lobelin however did not result in 

a significant change in respiratory rate and minute ventilation. Within 1 min after doxapram 

administration the arterial partial pressure of oxygen reached its maximum and the partial pressure of 

carbon dioxide its minimum. The arterial partial pressure of oxygen was not affected by prethcamid or 

lobelin.  

To prevent the formation of fetal asphyxia intrauterine resuscitative measures are used in human 

medicine to improve uterine blood supply. In a study we measured the uterine and foetal blood flow 

to investigate the possibilities to influence uterine and foetal blood supply by different drugs. During 

the last four weeks before term the heart rate as well as the diameter, mean velocity, mean volume 

and resistance index of Aa. uterinae of the gravid (gh) and the non-gravid horn (ngh) of the mother 

and of A. umbilicalis of the fetal calf were measured three times a week using Doppler sonography. 

Afterwards, one of three drugs (Isoxsuprine, Xylazin or Lidocain 2% for epidural anaesthesia) was 

administered and measurements were repeated after 30 min. Isoxuprine improved blood supply to the 

uterus by reducing the resistance index (gh 0.49 ± 0.04 to 0.39 ± 0.04; ngh 0.56 ± 0.06 to 0.50 ± 0.08) 

and increased blood flow rate. It also reduced the resistance index in the umbilical artery from 0.61 ± 

0.08 to 0.48 ± 0.08. Epidural anaesthesia also increased the blood volume transported to the uterus by 

6%. Xylazin however increased the resistance index (gh 0.49 ± 0.06 to 0.56 ± 0.07; ngh 0.59 ± 0.07 to 

0.65 ± 0.08) and reduced the flow rate in the uterine arteries. An intrauterine resuscitative measure 

may be possible using Isoxsuprine or epidural anaesthesia with Lidocain. 
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There are several reports about negative effects of mastitis and other inflammatory diseases on 

fertility in dairy cows. Therefore, the objective of the present study was to investigate if Escherichia coli 

lipopolysaccharide (LPS), which is observed in most inflammatory diseases, could suppress structure 

and function of the bovine corpus luteum (CL). In a first study, seven non-lactating dairy cows were 

given 10 mL saline on Day 10 of the first and 0.5 μg/kg LPS on Day 10 of the next-but-one cycle (Day 

1 = ovulation). One control cycle (without treatment) was inserted after cycles with saline and LPS 

treatment, respectively. Transrectal B-mode ultrasonography was performed 1 h before and 12, 24, 48, 

72, and 216 h after saline or LPS treatment, whereas Doppler mode investigations were done 1 h 

before and 3, 6, 9, 12, 24, 48, and 72 h after the respective treatment. Blood samples for hormone 

determination were collected 1 and 0.5 h before, as well as 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 48, 72, and 120 h 

after treatment, followed by daily examinations until Day 9 of the subsequent cycle. After treatment 

with LPS, all cows showed tachycardia and tachypnoea and in three cows an immediate febrile 

response (peak temperatures 39.5 to 40.4 °C) could be observed. Luteal size (LS) and blood flow (LBF) 

decreased (P ≤ 0.05) by 27% within 24 h and 34% within 3 h after LPS treatment, respectively. Plasma 

progesterone (P4) concentrations increased within the first 3 h and declined subsequently. In a second 

study, each of eight lactating dairy cows received once 200 μg LPS into one quarter of the mammary 

gland on Day 9 of the estrous cycle. Plasma cortisol (stress hormone) and haptoglobin (acute phase 

protein), both indicating a systemic immune response, as well as P4 were determined immediately 

before (0 h), hourly until 9 h, and 12 h as well as 24 h after administration of LPS. Luteal size and LBF 

were measured 0, 3, 6, 12, and 24 h after LPS-injection. Cows showed local and systemic symptoms 

(swelling of the udder, pyrexia with peak temperatures between 41.5 and 42.3 °C, increased cardiac 

and respiratory frequencies) and increased (P ≤ 0.02) concentrations of cortisol (between 2 and 8 h) as 

well as haptoglobin (within 24 h) following LPS treatment. Luteal blood flow increased (P = 0.05) 

during the first 3 h after LPS-injection and decreased (P < 0.0001) between 6 and 12 h, whereas LS did 

not (P > 0.05) change during the examination period. Plasma P4 increased between 2 and 4 h and 

decreased between 4 and 6 h after LPS treatment. Results indicate that intravenous treatment of 

non-lactating cows with LPS transiently suppresses both the structure and function of the CL. In 

contrast, application of LPS into the mammary gland of lactating dairy cows does not suppress luteal 

morphologic and secretory development, although inducing comparable systemic effects. Therefore, 

reduced fertility in cows with mastitis does not seem to rely on luteolytic effects, whereas luteal 

suppression and decreased P4 secretion, observed in cows with systemic inflammation, might be 

responsible for the reproductive loss. 
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The objectives of the present study were to investigate the effects of a negative energy balance and 

suprabasal progesterone (P4) levels at time of ovulation on estrous activity and fertility in dairy cows. 

Therefore, 98 Holstein Friesian cows with an average age of 53 months were examined on a 

commercial dairy farm with a yearly effort of 9,000 kg milk per cow. The examination period ranged 

from 2 weeks before the expected calving date to time of first insemination between 40 and 80 days  

post partum (p.p.) or until 80 days p.p. in cows that did not show estrous behaviour. Starting on Day 

35 p.p., time of ovulation was controlled by transrectal ultrasonography every 48 h. Two 

ultrasonographic pregnancy controls were performed 28 and 42 days after insemination. Energy 

balance was monitored by estimation of the body condition score (BCS; 1-5 scale). Furthermore, 

concentrations of non-esterified fatty acids (NEFA) and P4 were determined in blood samples 

collected weekly during the first 5 weeks p.p. and then every 48 h until the end of the examination 

period. Estrous activity was measured by using a Heatime® estrus detection system with a 

pedometer-collar and a reading station next to the milking parlour. Cows with a more severe decrease 

in BCS during the first 42 d p.p. tended to have increased (p = 0.07) P4 concentrations on the day of 

ovulation. Estrous activity did not (p > 0.10) depend on progesterone values around the time of 

ovulation, but tended to be higher in cows with a more moderate BCS loss (p < 0.07) and in cows with 

lower NEFA concentrations (p = 0.04). The average NEFA concentration during the first 5 weeks of 

lactation did not correlate with P4 levels (r = 0.05; p > 0.50). Eighty-four of the total 98 cows were 

inseminated and 37 (44%) got pregnant after first insemination. Neither NEFA nor P4 concentrations 

influenced the insemination success (p > 0.10). Success of first insemination tended to be improved by 

a reduced loss of BCS during the first 6 weeks (p = 0.07) preceding insemination. In conclusion, 

negative energy balance attenuated estrous activity, but reduced fertility only by tendency. Both, 

activity and fertility were not affected by suprabasal progesterone levels around time of ovulation. 
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As previously shown pregnancy associated glycoprotein (PAG) assays have a high sensitivity to detect 

pregnant cows and for early identification of open cows whereas the specificity is lower due to false 

positive results (Piechotta et al, 2010). Embryonic mortality is considered to be a major reason for low 

specificity, because PAG can still be detected in blood or milk after suffering from embryonic death in 

cows. Less is known about half-life of PAGs and influence of embryonic mortality (EM) on PAG ELISA 

test results. The aim of the study was to present the test outcome of a PAG ELISA in one precisely 

monitored case of induced embryonic mortality correlated to progesterone concentrations and 

ultrasonographic examination of the embryonic heartbeat (goldstandard for early pregnancy 

diagnostic). 

Therefore blood samples were taken and transrectal ultrasonography was performed on Day 0 (Day 33 

of pregnancy), Day 1 (12 hours after prostaglandin injection; Estrumate, Intervet) and Day 2, 3, 4, 6, 8, 

10 and 14 from the coccygeal vein of one Holstein Frisian heifer. Progesterone was determined using 

an immunoassay (Immulite; Siemens Healthcare Diagnostics, CA, USA). The optical density (OD) of 

PAG was measured by using a commercially available ELISA (IDEXX, Westbrook, ME, USA) and a 

modified categorisation, routinely used in the endocrinological laboratory of the University of 

Veterinary Medicine Hannover, was implemented. The ranges for the three categories were the 

following: 0.00 - 0.33 = not pregnant, 0.34 - 1.46 = recent embryonic death suspected, > 1.46 

pregnant. 

Continuous ultrasound of the uterus content showed embryonic heartbeat on Day 0 and Day 1, 

whereas on day 2 the embryo was still visible, but embryonic heartbeat could not be detected any 

more, even though uterine fluid and floting amnion tissue was still present. On Day 3 the contracted 

uterus did contain neither embryonic tissue nor uterine fluid. The progesterone values decreased after 

PGF2α injection from 6.2 to 1.2 ng/ml within the first day and continuously further to <0.09 ng/ml on 

Day 6. After ovulation progesterone levels increased steadily from 1.0 on Day 8 to 6.2 on Day 14. 

Before the injection of PGF2α the OD of PAG-ELISA was 2.52 and remained within the category 

‘pregnant’ on Day 1 (OD: 2.51) and Day 2 (OD: 2.23). Within the category ‘recent embryonic death 

suspected’ the OD decreased consistently from Day 3 (OD: 1.41) to Day 8 (OD: 0.37). The OD finally fell 

below 0.33 by the result of Day 10 (OD: 0.23) and remained within the category “not pregnant” until 

Day 14. 

This case report shows that the OD decreases steadily after early embryonic death and the routinely 

used categorization was useful, as one day after the embryonic heartbeat was not detectable anymore, 

the OD of the blood sample fell in the category “recent embryonic death suspected”. In conclusion the 

present data suggest that PAG measurement cannot only serve to differentiate pregnant from 

non-pregnant cows, but also to detect embryonic mortality. The apparent disadvantage of low 

specifity in PAG-ELISA can be turned into the advantage of early discovery of embryonic mortality on 

herd basis. 
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Introduction 

Accurate and timely detection of pregnancy in dairy cows is an essential component of any bovine 

reproductive management program. Veterinarians and farmers use detection of non-pregnant (open) 

cows to make decisions regarding re-breeding of cattle and to manage calving intervals, thereby 

maximizing milk production and revenue for the farm. Increased profits result from many areas, 

including decreased average days in milk in the lactating herd, additional milk yield, less culling of 

good cows due to reproductive failure, and less variation in lengths of lactation and dry period. 

Currently, pregnancy is determined through rectal palpation, trans-rectal ultrasound of the cow, or 

laboratory based testing of blood samples. IDEXX has recently developed an enzyme-linked 

Immunoassay (ELISA) for the detection of pregnancy-associated glycoproteins (PAGs) in milk samples 

to provide another laboratory based method for the accurate detection of pregnancy which could 

provide an important tool for the identification of open cows in the dairy herd.  

 

Material/methods 

This study was conducted to evaluate the sensitivity and specificity of the IDEXX Milk Pregnancy Test 

in dairy cows, starting at 35 days after insemination and/or 60 days after calving.  In total, 1,315 milk 

samples spanning the entire gestation period, as well as the post-calving period were tested.  

Trans-rectal ultrasound or palpation was also performed to confirm the pregnancy status of bred 

cows.  All samples were tested on the IDEXX Milk Pregnancy Test following the package insert 

protocol.  Blood samples from many of the animals were also tested for PAGs using the IDEXX Bovine 

Pregnancy (Blood)Test following the package insert protocol for that test. 

 

Results 

In this evaluation, the sensitivity of the IDEXX Milk Pregnancy Test was 98.8% (95%Cl, 97.7%-99.3%), 

when testing cows at 35 or more days of gestation, while specificity was 97.4% (95% Cl, 95.2%-98.6%). 

Agreement between results obtained using the IDEXX Milk Pregnancy test and the IDEXX Bovine 

Pregnancy blood test was 98.4%.  

 

Significance  

This evaluation of the IDEXX Milk Pregnancy Test indicates that the use of a milk based pregnancy test 

as part of routine herd recording can provide additional information to customers, thereby maximizing 

the use of the milk sample as a herd management resource. In this manner, the test can be a useful 

adjunct to existing reproductive management programs.  As with any diagnostic test, the IDEXX Milk 

Pregnancy Test should be used under the guidance of a veterinarian as part of the farm’s overall 

health and reproductive management program. 
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The monitoring of energy metabolism in the early part of lactation of high producing cows is essential 

for the management of the herd. During the early lactation, there are large metabolic changes 

associated to negative energy balances with as results mobilization of fat reserves. There are also 

disturbances on the reproduction such as delayed resumption of cyclicity after calving or high 

frequency of ovarian cysts. Blood and milk samples along with a gynecological examination were 

obtained on 61 cows from 7 private farms on 4 occasions on a monthly basis starting from calving. 

The fatty acids (FA) data sets were divided in categories based on milk β-hydroxibutyrate (BHB), 

plasma non esterified fatty acids (NEFA) and on the ratio (C18:0 + C18:2)/C18:1 in the NEFA fraction as 

energy metabolism indicators. The FA data sets were also divided according to the presence of 

endometritis, ovarian cyst or ovarian activity, expressed by presence of a corpus luteum and a high 

progesterone content. In the fat mobilizing cows, both the amounts and the proportions of the milk 

C6-C14 fatty acids, were lower than in the non mobilizing cows. It is well known that these FA are 

neosynthesized in the mammary gland from ruminale volatile FA (acetate). For example, 14.8 vs 17.6% 

P<0.01 in the FA ratio comparison, 15.3 vs 17.7% P<0.01 in the BHB classes and 15.1 vs 19.5% P< 

0.001 in the NEFA classes. On the other hand, the milk C18:1 was higher (P<0.001) in the mobilizing 

cows (14.4 vs 11.5 g/l in the FA ratio comparison, 14.2 vs 11.0 g/l in the BHB classes and 15.1 vs 10.1 

g/l in the NEFA classes). It is also Many studies showed that these long chains FA, originated from the 

blood and the fat mobilization, are directly withdraw by the mammary gland. When metritis was 

observed, the FA from neosynthesis decreased largely (15.5% vs 19.8% P<0.001) and the long chain 

fatty acids increased (28.3 vs 22.6% P<0.01 of C18:1, 2.8 vs 2.3% P< 0.05 of the polyunsaturated FA). 

The proportion of C4-C14 and of branched chains fatty acids in milk were higher in cows with ovarian 

activity (21.3 vs 19.2%, P<0.01 and 3.6 vs 3.2%, P<0.01) while that of C18:0 was lower (12.2 vs 13.7%, 

P<0.01). The concentrations of β-hydroxybutyrate and C16:0, C18:0 and C18:1 in the plasma non 

esterified fatty acids were significantly lower in the cows with ovarian activity (0.7 vs 1.5, 1.1 vs 1.9, 1.0 

vs 2.3 mg/dl, P<0.01) As far as the cysts occurrence was concerned – 41% of the cows – there were 

less clear cut relationships with fatty acids, β-hydroxybutyrate or IGF1. Nevertheless cows with cysts 

produced milk with lower poly-unsaturated acids (P<0.05) and were characterized by higher glycemia 

(P<0.05) and lower cholesterolemia (P<0.05). It is concluded that milk fatty acids profile and blood 

metabolites, changed in proportions and in amounts when energy status is modified or when diseases 

of the reproductive tract were observed in early lactating cows. So milk fatty acids profile during early 

lactation could be an accurate indicator to manage the waiting period and to predict the likely waiting 

period. 
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The aim of this study was to investigate the effects of long-term dietary CLA supplementation on 

expression of hepatic genes related to insulin signalling and gluconeogenesis and systemic insulin 

sensitivity in dairy cows. 

Methods: Twenty one pluriparous German Holstein cows were divided in two groups (CLA; n=11 and 

control; n=10), studied from 21 days (d) ante partum (ap) to 224 d post partum (pp). Cows were fed a 

diet including 37% concentrate and 63% silage (60% maize silage and 40% grass silage based on dry 

matter content) ad libitum. From 1 d pp to 182 d pp each group received 4 kg concentrate 

additionally with 100 g/d of fat supplement (10% C16:0, >80% C18 fatty acids) including either CLA 

(Lutrell® pure, BASF SE, Germany) (50% C18:0, 10% each C18:1, t10c12-CLA, c9t11-CLA) or not (>80% 

C18:0). Blood and hepatic biopsy samples were taken at 21 d ap, 1, 21, 105, 182, and 224 d pp. In 

blood samples concentrations of glucose, non-esterified fatty acids (NEFA), insulin, 

beta-hydroxybutyrate (BHB) were analysed. The Revised quantitative insulin sensitivity check index 

(RQUICKI = 1/[log(Glucose(mg/dL)) + log(Insulin (µU/mL)) + log(NEFA (mmol/L))]) was calculated. 

Expression of hepatic mRNA for gluconeogenic enzymes (pyruvate carboxylase; PC, phosphoenol 

pyruvate carboxykinase; PEPCK isotype 1and 2, glucose-6-phosphatase; G6P), glucose transporters 

(SLC2A1 and SLC2A2) and insulin receptors (INSRA and INSRB) were measured with real-time RT-PCR 

using UXT, RPS15 and RPS9 as reference genes. Data was analysed by SAS PROC MIXED for repeated 

measures with group and day as fixed effects or PROC NPAR1WAY. 

Results: Dietary CLA supplements did not affect transcription of any investigated genes in liver and the 

levels of BHB and NEFA in blood. However, CLA cows showed higher mean glucose and insulin levels 

in blood and lower RQUICKI compared to controls after d 105 (time and group effects: p<0.001). 

Conclusion: Dietary long term CLA supplementation of dairy cows appears to reduce systemic insulin 

sensitivity as indicated by RQUICKI. However, the results indicate that hepatic mRNA expression of 

gluconeogenic enzymes and insulin receptors did not reflect the systemic insulin sensitivity. Because 

blood NEFA and BHB concentrations remained unaffected by CLA supplements, the physiological 

relevance of observed CLA induced changes in insulin sensitivity needs further evaluation. 
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Objective: Excessive mobilization of fat in early lactation is a significant risk factor for health disorders 

such as ketosis and fatty liver. Fat mobilization is in particular seen in over conditioned cows. Thus, 

control of body condition by regular scoring (BCS) or sonography (back fat thickness, BFT) is 

frequently part of herd health management programs. However, BCS and BFT consider only the 

subcutaneous (sc) adipose depot. There are indications that fat from abdominal are more easily 

mobilized than fat from sc depots. Aim of this study was to characterize the size of different adipose 

depots in dairy cows.  

Material and Methods: 14 German HF dairy cows were slaughtered and body weight, withers height 

and weight of subcutaneous and other fat depots were assessed. Adominal fat depots were 

differentiated in retroperitoneal, perirenal, mesenterial, and omental depots. Also fat in the thoracic 

cavity was weighted.  

Results: Body weight of studied cows ranged between 615 and 902 kg, withers height between 138 

and 158 cm, and total weight of assessed body fat between 27 and 145 kg (4-17% of body weight). In 

average from total body fat the percentage of sc fat was 29% ±6 (range 21-44%), of abdominal fat 

65% ±5 (range 51-74%), and of thoracic fat 6% ±2 (range 5-10%). Related to total abdominal fat the 

proportion of omental fat was 37% ±5 (range 25-45%), of mesenterial 36% ±6 (range 25-53%), of 

retroperitoneal 18% ±5 (range 12-30%), and of perirenal fat 9% ±2 (range 5-14%). Weight of 

abdominal and sc fat depots correlated significantly with total fat weight (r=.99, p<.001 and r=.93, 

p<.001, resp.). Correlation between sc and abdominal fat weight was r=.86 (p<.01).  

Conclusion: In dairy cows the weight of abdominal fat depots is about 100% higher than of sc fat 

depots. Omental and mesenterial fat weights account for about 75% of total weight of abdominal fat. 

Since the correlation between weights of sc and abdominal fat depots was only moderate it may be 

necessary to reconsider if BCS or BFT reflect sufficiently body condition in dairy cows. 
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Indtroduction 

Subacute rumen acidosis (SARA) is considered one of the most important metabolic diseases of high 

yielding dairy cows worldwide. The condition is defined as daily episodes of decreased ruminal pH 

associated with changes of the ruminal microbial population. Major consequences of SARA are a poor 

digestion, unexplained body condition losses despite greater energy intake, intermittent low feed 

intake and depressed milk fat content. In addition, cows affected by SARA have greater risk to develop 

other disorders such as displaced abomasum, liver abscesses and laminitis. Economic losses due to 

SARA are enormous. Although SARA is considered a significant problem, little information is available 

on the prevalence of SARA in intensive dairy herds worldwide. Only few studies have been conducted 

so far (Garrett et al. 1997; Morgante et al., 2007; Kleen et al. 2009; Tajik et al., 2009). No data are 

available on the prevalence of SARA in Austrian dairy herds. Therefore the purpose of the present pilot 

study was to evaluate the prevalence of SARA in typical Austrian dairy herds. 

 

Material and Methods 

20 farms (10 farms with Simmental cows and 10 farms with Holstein Friesian cows) in Lower Austria 

were selected. Farms were visited once. The visit was planned as close to collection for regular milk 

recording as possible, to assess the association of milk parameters and SARA.  

Rumen fluid was sampled using the Select Rumen Fluid Collector. The pH-value was evaluated by a 

portable pH-meter. The threshold of 6.0 for SARA was chosen, to calculate the possible risk of saliva 

contamination due to the use of the stomach tube. 

 

Results 

Until now 10 farms with Simmental cows and 5 farms keeping Holstein cows have been visited. 

Between 25 and 90 cows were kept on the farms. Till now a total of 197 cows in early lactation were 

examined. 

The average annual milk yield of the Simmental-farms ranges between 7,704 and 10,444 kg. The milk 

yield of the Holstein farms were higher and ranged between 8,909 and 10,780 kg. On the day of the 

farm visit, the mean milk yield of the study animals was 36.98 kg in the Simmental cows and 39.22 kg 

in the HF-cows.  

In all cases rumen fluid sampling was possible, but in no cow SARA (pH below 6.0) could be 

diagnosed. The average pH of rumen fluid was 6.81 ± 0.25. The lowest measured pH-value was 6.14.  

 

Discussion 

Surprisingly no cow showed signs of subacute ruminal acidosis. The reason for this is unclear. Selected 

farms were typical for lower Austrian dairy herds and the criteria of high yielding herds were matched. 

One reason could be the farm structure in Austria. The number of animals on typical Austrian farms is 

smaller than on farms described in literature. Farmers are able to care for the special needs of each 

individual cows. Furthermore the typical ration in Austria consists of high amounts of grass silage with 

high fiber content, maize silage is used to a minor amount. Concentrate is fed by automatic feeding 

systems divided into several portions per day, which may also help to stabilize rumen pH.  

Further studies will be necessary to evaluate the influence on different feeding components on the 

induction of SARA. Evaluation of cows fed on corn silage based diets will be done in a consecutive 

study. 
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The prevalence of ketosis in EU dairy cows around the period of calving is largely unexplored and the 

aim of this study was to determine the prevalence of ketosis in West European dairy cows and its 

association with fresh cow diseases.  

A total of 4709 transition cows from 130 dairy farms were enrolled in Germany, France, Italy, the 

Netherlands and the UK during 2011-2012. Farms were a convenience sample selected from 39 

participating veterinary clinics, and considered representative of the farms in the country and no 

ketosis prevention was regularly used on these farms. Herds were included where complete 

information was obtained on at least 12 cows including calving date, parity and Keto-test results. A 

milk-based test for ketones (Keto-Test, Elanco) was used for screening fresh cows and ketosis was 

defined as Keto-Test 100μmol/l or higher between 7-21 days after calving. Study cows were observed 

for clinical disease to 35 days post calving. Clinical diseases recorded included milk fever, retained 

placenta, metritis, mastitis, displaced abomasums, clinical ketosis, lameness and gastro-intestinal 

disease. Cow conditions included dystochia and twins. Multivariate analysis (general estimating 

equations logistic regression) was performed to determine country, farm, management, feed and cow 

factors associated with ketosis. The models ketosis controlled for clustering of cows within farms and 

within countries.  

The associations between ketosis and fresh cow diseases or conditions within 35 days of calving were 

assessed through a series of multivariate GEE logistic regression models for each individual diagnosis. 

Thirty-nine percent of the 4709 cows were classified as having ketosis. The herd average of ketosis was 

43% in Germany, 53% in France, 31% in Italy, 46% in the Netherlands and 31% in the UK. While clinical 

ketosis was not reported in most farms, 111 out of 130 (85%) had 25% or more of their fresh cows 

screened positive for ketosis. The risks of ketosis were significantly lower in Italy and the UK compared 

to France, the Netherlands and Germany. Larger herd size was associated with a decreased risk of 

ketosis. Cows that calved in April – June had the highest odds of ketosis, with about twice as high 

odds compared to cows that calved July-Sept. The cows that calved January-March tended to have 1.5 

times higher risk for ketosis compared to cows that calved in July-September. The odds of ketosis in 

parity 2 and parity 3-7 was significantly higher (1.5 and 2.8 times higher) than the odds of ketosis in 

parity 1. The odds of ketosis was significantly smaller in parity 2 compared to parity 3-7. Ketosis was 

associated with significantly higher odds (OR= odds ratio) of all common fresh cow diseases; milk 

fever (OR:2.1), retained placenta (OR:1.6), metritis (OR:1.5), mastitis (OR:1.9), displaced abomasums 

(OR:3.4), clinical ketosis (OR:14.7), lameness (OR:1.8) and gastro-intestinal disorders (OR:3.8). There 

was no significant association between dystochia or twins and ketosis.  

This study shows that ketosis is very common in European dairy cows and that ketosis may be a 

gateway disease for periparturient disorders. 
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Introduction: Heifer mastitis is a problem in dairy cattle herds. If udders are affected with chronic 

mastitis caused by major pathogens such as S. aureus already in the first lactation, treatment becomes 

an economic challenge. Thus, identification of infection pathways and prevention are important 

measures. Several studies found associations between feeding milk from cows with udder health 

problems and high mastitis prevalence of heifers at first calving. Other studies investigated this risk 

factor for different udder pathogens in the past, but results were conflicting. In this comparative study, 

the focus was on the effect of feeding milk from cows with chronic S. aureus mastitis to dairy calves on 

calf health and udder health of these animals at fist calving.  

Material & Methods: Pooled milk from subclinically infected cows, continuously shedding S. aureus, 

was fed to 34 dairy calves for 12 weeks at an experimental unit. A randomly selected group of 18 

calves received the milk thermised at 61°C for one minute (group thermised milk; GTM), while the 

other group of 16 calves received untreated milk (group untreated milk; GUM). Follow-up of both 

groups was performed in regular intervals until calving. During the rearing and breeding period, calves 

were re-integrated into the routine management of their respective farms of origin. At first calving, 

milk samples were collected for bacteriological examination. If present, S. aureus was genotyped. 

Results of the three first official milk recordings, including SCC and milk yield, were analysed 

additionally.  

Results: Untreated mastitis milk fed to the calves was regularly positive for S. aureus and contained S. 

aureus at a median of 2468 CFU per ml. In the thermised milk, 78.3% of the pools were free of S. 

aureus. In the remaining samples, a reduction was evident of one log of S. aureus CFU/ml compared to 

the corresponding untreated milk with a maximum of 1450 CFU/ml. Calves of GUM had a significantly 

higher diarrhoea incidence rate (1.09 diarrhoea cases per 100 calf days at risk) than calves of GTM 

(0.26 cases per 100 calf days at risk, p<0.05). A trend to a higher mean weight gain of GTM was 

observed (775g/d compared to 715g/d; p=0.06). Two heifers were found to have S. aureus 

intramammary infections (IMI) at calving. In the pool milk offered for suckling, the contagious S. 

aureus genotype B was present, whereas both heifers with S. aureus IMI were infected with the S. 

aureus genotype C.  

Discussion and conclusions: Associations between feeding untreated mastitis milk to dairy calves and 

diarrhoea incidence are in accordance with other studies. In earlier studies, it was shown that 

pasteurisation is a save method to reduce the bacterial load of mastitis milk. As found in our study, 

thermisation to 61°C for 1 minute may provoke a considerable reduction of the bacteriological load. 

This method might in particular be applicable for small scale farms, where pasteurisers are considered 

uneconomic. Concerning udder health, results of this study should be interpreted with care. The aim 

was to investigate feeding practices close to field conditions. Therefore, S. aureus dosage was not 

standardised. Other shedding patterns of S. aureus and different bacteria present in milk of mastitis 

affected cows might have caused different results. With regard to calf health, it is strongly 

recommended to reduce the bacterial load of mastitis milk before feeding it to suckling calves. 
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Mastitis in dairy cattle remains one of the most important cattle diseases in Switzerland. Many 

farm-specific risk factors are known but the motivation of farmers varies when it comes to 

implementing specialist advice. Several strategies exist to support farmers to put this advice into 

practice but the most effective one has not been identified. The aims of this study were (i) to decrease 

the proportion of cows with high somatic cell counts (SCC) by 20% within a 1 year period in Swiss 

dairy farms and (ii) to identify the most effective mastitis support strategy to achieve this. 

One hundred Swiss dairy farms with a bulk milk SCC between 200,000 and 300,000 cells/ml in 2010 

were recruited for a 1 year randomized field trial during 2012. All farms were visited between 

September and December 2011 to evaluate their udder health management and to collect milk 

samples for bacteriological culturing. This information was used for a farm-specific udder health 

report with recommendations to optimize the herd’s mastitis management. The 100 farms were 

randomly allocated to 4 intervention groups. The first group received neither the recommendations 

nor any active support for improving the udder health. The second group received the advice report 

but no further active support during 2012. The third group received the advice report and was actively 

supported monthly by the respective herd veterinarian. The fourth group received the advice report 

and was actively supported through organized study group meetings. The farms were visited a second 

time 1 year later to evaluate the implementation of the recommended management changes.  

Preliminary results showed that a total of 875 recommendations were given that were selected from a 

list of 77 different recommendations. Most recommendations were given in the topic “milking” 

(n=419), followed by “milking machine” (n=223), “environment/housing” (n=116), “cow specific” 

(n=73) and “dry period” (n=44). The amount of advices given per farm was between a minimum of 7 

and a maximum of 17. Of the 74 farms (1 farm was lost to follow-up) that received an advice report, 

67.3% of the recommendations were partially or fully implemented. No significant differences in the 

number of implemented recommendations were found amongst the 3 support strategies. However, 

the farmers that were randomly assigned to their group of preference before enrollment did 

significantly implement 8% more recommendations than farmers that were assigned to an 

intervention group they initially preferred not to belong to. This indicates that the greatest udder 

health improvement in Swiss dairy herds can be obtained when a farmer-specific support strategy is 

applied during a future mastitis control program. Further analyses will evaluate the effects of the 

farm-specific report and the 3 support strategies on the composite SCC levels and the proportional 

change in the incidence of clinical mastitis. 
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Efficient mastitis control in dairy cows is crucial to avoid milk losses, to assure a successful treatment 

of the infection, and to provide milk at a high hygienic quality level to the consumer. New 

technological developments in the field of precision dairy farming with automated monitoring in 

production, metabolism, reproduction and other fields require also an automatized control of udder 

health and a reliable and sensitive detection of intramammary infections. The increase of somatic cell 

count (SCC) is currently the most widely accepted indicator of mammary inflammation at the highest 

available sensitivity. L-lactate (lactate), the conjugate base of lactic acid, was also shown to increase 

during mammary inflammation. Recently it was shown that the increase of lactate in milk during 

mastitis shows pathogen specific differences. The aim of this study was to explore associations 

between the increase of lactate concentrations in milk during mammary inflammation in causal 

dependence to the mastitis pathogen and in correlation to the SCC. It was investigated if lactate, when 

used as a mastitis indicator, could provide indications about the pathogen type that caused the 

mastitis, in particular if lactate was measured and evaluated in parallel to SCC. 

178 dairy cows of a herd with a relatively high bulk milk SCC (~300`000 cells/mL) and a high clinical 

mastitis incidence (67 cases/ 100 cows) were used. Quarter individual strict foremilk samples of each 

lactating cow (~6 mL; n=1036) were taken manually for bacteriological examination. In addition, the 

analysis of SCC (using DeLaval cell counter) and lactate (using Lact-Sens-PoC from Foerster-Technik) 

was performed. 

For SCC, a threshold value of 100’000 cells/mL was used to form two SCC categories (>100,000 

cells/mL and ≤100’000 cells/mL). The association between SCC, lactate and the result of the 

bacteriological analysis [sterile, Staph. spp. (Staph. aureus or CNS), or non-Staph. spp. (S. uberis, S. 

dysgalactiae, S. agalactiae, fecal streptococci, E. coli)] was assed. A lactate threshold for milk from 

infected quarters was established based on the log-transformed lactate concentrations of sterile 

samples plus 2 times the standard deviation. The association of SCC, lactate and bacteriological results 

was assessed by the use of linear mixed-effects models and mixed-effects logistic regression models. 

In 33% of the samples mastitis pathogens were detected. In all of these samples lactate concentrations 

and SCC were elevated. However, the predictive value of SCC for the presence of mastitis was always 

greater than the predictive value of lactate, irrespective of the causative pathogen. Lactate was less 

predictive for mastitis when Staphylococcus spp. were involved in the mastitis development compared 

to non-Staphylococcus spp.. If Staphylococcus spp. were involved, the regression coefficient between 

SCC and lactate decreased significantly. 

In conclusion, there is a significant interaction between lactate and the result of the bacteriological 

diagnosis. However, particularly for detecting subclinically infected quarters with slightly increased 

SCC the sensitivity of lactate is not satisfactory. A combination of lactate and SCC measurement 

obviously increases the sensitivity of detecting specifically subclinical mastitis. Further investigations 

will be needed with a higher sample size to verify these results. 
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Omitting the dry period is potentially a strategy to reduce the metabolic load in early lactating cows 

due to the expected low milk production level after parturition. However, it may be argued that 

continuous milking without a dry period compromises mammary gland development before the new 

lactation. In particular disturbed colostrum formation must be expected because the mammary 

secretion including immunoglobulins is removed at each milking instead of accumulating during the 

final phase of the dry period. The objective of this study was to evaluate the effects of omitting the dry 

period on key hormone patterns during lactogenesis and the IgG content of colostrum in 

periparturient dairy cows. Twenty Holstein-Friesian dairy cows were randomly assigned to two 

experimental groups (0 or 60 d dry period; DRY0 or DRY60, resp.). Daily dry matter intake between day 

-7 and day 3 relative to calving date did not differ between groups (14.2 ± 0.5 vs. 13.9 ± 0.5 kg in 

DRY60 and DRY0, resp.). Daily milk production between day 0 and day 3 relative to calving date was 

22.3 ± 1.9 kg in DRY60 and 13.5 ± 1.4 kg in DRY0, resp.. Plasma concentrations of progesterone and 

prolactin were determined daily from day 5 pre- until day 3 postpartum. Milk samples were collected 

daily for analysis of IgG concentration from day 7 pre- until day 3 postpartum in DRY0, and from day 0 

until day 3 postpartum in DRY60 cows. Data were analysed with a mixed model procedure including 

dry period length, day and their interaction as fixed effects. Plasma prolactin did not differ between 

DRY0 and DRY60 and started to increase significantly from one day before calving in both groups (P < 

0.05). Progesterone dropped prepartum and followed a similar pattern in both groups, but was 

significantly lower on one day before calving in DRY60 compared to DRY0. This may point out to a 

stronger decrease in progesterone concentration for DRY0 but could potentially also imply a faster 

calving process after the progesterone drop caused by milking induced oxytocin releases and 

enhanced labour activity. Milk IgG concentration started to be elevated from day 6 prepartum in DRY0 

cows. From calving day up to day 3 postpartum, IgG concentration on day 1 was similar in both 

groups, and decreased similarly during the first days of lactation. However, total IgG mass in first 

colostrum was higher in DRY60 than in DRY0 (1006 ± 149 g vs.  274 ± 103 g, resp., P < 0.05).  Due 

to the lower milk yield at the first post partum milking in DRY0 as compared with DRY60 (13.5 ±2.0 kg 

vs. 21.8 ± 1.7 kg. resp., P < 0.05) the lack of accumulation of IgG mass in the mammary gland is 

compensated by less dilution through milk synthesis. The colostrum supply of the newborn calf is not 

compromised in DRY0 because also in this group the yield of first colostrums for the newborn is 

beyond the generally required 4 kg.  

In conclusion, the endocrine profiles supporting lactogenesis remained unaffected, and the colostrum 

quality was not compromised by omitting the dry period in dairy cows. 
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Purpose 

Mycoplasmas are small bacteria responsible for infections in small ruminants and cattle. Among them, 

two species are especially pathogenic for cattle: M. mycoides subsp. mycoides biotype Small Colony, 

the agent of Contagious Bovine Pleuropneumonia and Mycoplasma bovis, responsible for respiratory 

disease, arthritis in young animals and mastitis in adults. 

Although Mycoplasma bovis infections have been described all over the world in the bovine industry, 

the prevalence of this pathogen is often underestimated due to the difficulties in diagnosis. 

Indeed, bacterial isolation is difficult and time consuming, requiring specific media and extended 

culture time. 

The aim of this study was to develop a ready-to-use qPCR kit to enable an easier and faster diagnosis 

of this pathogen in milk samples. 

 

Methods 

Systems target a gene which allows specific detection of Mycoplasma bovis.  

Specificity was evaluated on 65 Mycoplasma bovis strains and more than 50 other related strains. The 

analytical sensitivity was evaluated on mastitis milk spiked with a reference strain and field studies are 

currently lead in Europe. 

 

Results  

No cross-reactions were observed, the kit has an analytical specificity of 100%.  

The analytical sensitivity is about 10 copies/PCR. 

 

Conclusions 

Associated with magnetic bead-based DNA extraction, real-time PCR detection of Mycoplasma bovis 

appears to be an efficient way to diagnose this pathogen in milk samples.  

Added to classical bacteriological methods used for other pathogens frequently involved in mastitis, 

this workflow appears to be an effective mean for the monitoring of milk production in case of 

subclinical mastitis. 
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To improve udder health in dairy farms sustainably, it is important to understand how farmers 

perceive mastitis and its causes. The aim of this study was to learn more about Swiss farmers’ daily 

experiences with mastitis as well as their perceived constraints and motivations concerning mastitis 

management. Qualitative interviews with two groups of Swiss dairy farmers were conducted: 12 herds 

had a bulk milk somatic cell count (BMSCC) above 200,000 cells/ml, 8 herds had a BMSCC below 

75,000 cells/ml. Farmers were asked an array of open-ended questions that covered a range of topics: 

challenges, aims, experiences with mastitis, and mastitis treatments. Mastitis was not reported to be 

one of the main challenges for farmers. A high workload and high production costs were perceived as 

more challenging. Responses revealed that farmers’ attempts to cope with these challenges might 

lead to unfavorable management decisions. For example, veterinary and treatment costs were 

perceived as high. In order to decrease these costs, veterinary support was avoided, and therefore, 

guidelines for prudent antibiotic usage were neglected and interventions were postponed. Farmers 

with low BMSCC differed significantly from their peers with high BMSCC in their lower normative 

BMSCC values and their lower tolerance level for high composite SCC. In addition, they tended to 

observe the animals more closely and intervened quicker when a cow showed abnormalities. They also 

used veterinary support more often, relied more frequently on the Californian Mastitis Test, and culled 

chronically infected cows quicker. Some subgroups of farmers may have knowledge gaps for specific 

topics, especially for mode of action and risks of improper antimicrobial usage. In particular, the 

interrelationships between early detection, antimicrobial usage, animal welfare, milk quality, and 

long-term cost-benefit ratios lacked understanding. Mastitis was perceived by dairy farmers as an 

inevitable part of milk production and may mislead some of them to underestimate the importance of 

early mastitis prevention and adequate treatment strategies. The results obtained from this study gave 

valuable insights in the motivation and constraints of Swiss dairy farmers towards udder health. It can 

be used in future communication strategies to further improve udder health in Swiss dairy herds. 
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Mastitis is the most “antibiotic consuming” pathology in dairy medicine. Though antibiotics and 

antibiograms are known to vets since the early fifties, our practices did not evolved a lot from empiric 

antibiotic therapy. Indeed, the need for a treatment, the cost and the delay for an antibiogram are 

most of the time incoherent with a routine practice. Nevertheless, there is a surge for rational use of 

antibiotics. Our study was based on 1100 mastitis events from 30 Belgian farms collected between 

January 2011 and June 2012. We chose to compare tissular cure (TC) based on the threshold of 

200.000 somatic cells/ml in milk at milk control at least 60 days after the clinical mastitis event. 

Regarding the mastitis event, severity (according 3 grades: alteration of milk as grade 1, alteration of 

quarter as grade 2 and alteration of general state as grade 3), quarter, treatments were recorded. We 

also assessed a chronicity status based on previous somatic cell count (SCC) of the cow. It was 

considered a new case a cow which at least 15 days before had an SCC <200.000 cells/ml, other were 

marked as chronic cases. 

In our distribution, we see a seasonal rise of incidence between January and May. This period would 

represent twice as many mastitis as the summer period. Overall TC reaches 46% of all mastitis events, 

which is quite poor. Rear quarters had significantly lower TC (p<0,05%). Grade 3 mastitis had lower TC, 

42,6% (p<0.05%) versus 48,9 % for grade 2 and 44,2% for grade 1. Almost 49% of all mastitis was 

considered as chronic cases, which TC was 33% on average, whereas new cases reached 55,3% TC. 

Study of treatment was frustrating given the high number of different combinations of treatments. It 

was underlined that 4th generation cephalosporins (C4G) were the most used in our cohort, followed 

by aminopenicillin/methicillin association (PENA/PENM) and 1st generation 

cephalosporins/aminoglycosids (C1G/AG) association. Of these intramammary treatments, 20% of the 

cases were submitted to a second intramammary drug, mostly C1G or C1G/AG. One third of the cases 

were treated parenterally with antimicrobials, mostly macrolids, fluoroquinolones and penethacillin. 

Finally, 10% of mastitis was treated with anti-inflammatory drugs, mostly tolfenamic acid and 

flunixin-meglumin. 

Comparing mastitis without use of a secondary intramammary drug, only PENA and C1G/AG reached 

more than 60% TC. Considering new cases, then C1G/AG, PENA/PENM and Prednisolone containing 

specialties were above 60% TC. Use of a parenteral injections increased TC only on new cases (+12%), 

but not on chronic cases. Refining by severity, TC improved with a parenteral on new cases, mainly in 

grade 1 (+20%). Regarding associated factors, TC was negatively affected by chronicity, parity and 

lactation stage. Indeed, TC was lower on cases from more than 4 month in milk, third lactation (OR = 

2.8 for no cure) compared with previous, and chronic cases (OR=2,6). Seemingly, chronicity was 

positively associated with parity and season. The 3rd parity cases had higher chances to be chronic 

ones (OR = 1,7), as well as cases from April to September (OR = 1,6). 

This evaluation of cure is rather simple and has a good variability which allows several questions about 

the real match between antimicrobial treatment for mastitis and the udder inflammation. Based on our 

epidemiological data, we can modify routine management of mastitis, as some cases might not worth 

the antimicrobial treatment. 
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Clinical Mastitis (CM) is defined as an inflammation of the mammary gland accompanied by a change 

in milk quality or visible abnormalities in the udder. Standard methods to diagnose CM are a clinical 

udder examination and cytological and bacteriological examination of milk samples. Clinical 

examination of the udder is a simple and quick way to diagnose CM. It is supposed to reveal relevant 

signs of inflammation of the udder.  Different scoring systems have been developed to describe e.g. 

the severity of symptoms or clinical status of the quarters of cows affected with CM. Scoring system 

for udder firmness to examine effects of changes of milking management (i.e., comparison of milking 

once a day versus milking twice a day) and milking frequency (i.e., omission of a regular milking event) 

on animal welfare were developed. Udder firmness was measured for the same reason by using a 

technical device which measured a range of force required to press a steal rod into the udder tissue. 

However, data on repeatability or validity of specific methods are rare. The objective of our study was 

to analyze udder firmness of cows with CM before and after milking. 

The study was conducted on a commercial dairy farm housing approximately 1,200 Holstein Friesian 

dairy cows with an annual milk yield of 10,147 kg. Cows were milked 3 times a day. Cows with signs of 

CM (i.e., redness, heat, pain and swelling of the udder or clots or flakes in foremilk samples) were 

separated into a mastitis pen. Udder firmness of 20 healthy cows and 20 cows with CM was measured 

by the same investigator before and after milking with a dynamometer (Penefel DFT 14; Agro 

Technologies, Forges-les-Eaux, France). The dynamometer was used according standard operating 

procedures described previously. Effects of time (before and after milking) on udder firmness were 

statistically determined by ANOVA. 

Minimum and maximum udder firmness of healthy cows measured with the dynamometer was 0.661 

kg and 6.409 kg, respectively. The mean value for all healthy cows was 3.350 kg ± 1.282 kg before 

milking and 1.213 ± 0.421 kg after milking. Minimum and maximum udder firmness of cows affected 

by CM measured with the dynamometer was 0.774 kg and 4.902 kg, respectively. Mean udder firmness 

of cows with CM was 2.208 kg ± 0.830 kg before milking and 1.961 kg ± 1.161 kg after milking. Eight 

cows with CM had firmer udders after milking compared to before milking. 

In conclusion, comparing udder firmness before and after milking udder firmness of cows affected by 

CM decreased less (0.247 kg ± 0.311 kg) than udder firmness of cows with healthy udders (2.137 ± 

0.302 kg). Milking depended udder firmness decrease of healthy cows and cows with CM differed 

significantly. Cows without CM had firmer udders before milking than cows affected by CM. 
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The objective of this study was to describe the udder health management in Swiss dairy herds with 

udder health problems. One hundred dairy herds with a yield-corrected somatic cell count of 200,000 

to 300,000 cells/ml during 2010 were selected. Data concerning farm structure, housing system, 

milking technique, milking procedures, dry-cow and mastitis management were collected during farm 

visits between September and December 2011. In addition, quarter milk samples were aseptically 

collected from cows with a somatic cell count ≥150,000 cells/ml for bacteriological culturing. The 

highest quarter level prevalence was 12.3% for Corynebacterium bovis, followed by coagulase 

negative staphylococci (8.7%), Staphylococcus aureus (5.5%) and Streptococcus uberis (4.0%). 

Evaluation of milking systems revealed that 82% of the high line milking systems in tie-stalls and 88% 

of the systems in milking parlors met the requirements of vacuum adjustment measured by opening 

one cluster, and 74% of the high-line milking systems met the criteria of the 10-l-water test which 

assessed the transport capacity of the milk line. Eighty-five percent of the farms changed their milk 

liners too late, i.e. later than 750 hours for rubber liners and 1500 hours for silicon liners respectively. A 

correct order of teat preparation before cluster attachment was only performed by 37% of the farmers. 

Additionally, general hygiene measures, such as washing hands before milking or wearing milking 

gloves, was only followed by 29% and 14% of the farmers, respectively. Cows with clinical mastitis 

were milked last in 71% of the farms, whereas this was the case in only 14% of farms for cows with 

subclinical mastitis. Blanket dry cow treatment was performed in 69% of the farms, and only 2% of the 

farmers used internal teat sealers. Routinely submission of aseptic milk samples for bacterial culturing, 

considered as an important tool in mastitis management, was performed on 22% of the farms in case 

of subclinical mastitis and in 33% in case of clinical mastitis, respectively. However 83% of the farmers 

reported to initiate intramammary treatment at the occurrence of clinical mastitis. With the results 

obtained from this study, Swiss dairy farmers and herd health veterinarians can be supported in their 

aim to improve udder health of individual dairy farms by addressing common mistakes in mastitis 

management. Additionally the data will be used in future communication campaigns to improve udder 

health in Swiss dairy farms with udder health problems. 
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Staphylococcus aureus is worldwide one of the most important bacterial pathogens responsible for 

mastitis in bovines. Different subtypes of the pathogen exist and are highly related to the virulence 

gene pattern and clinical outcome. 

 About more than 20 S. aureus subtypes were isolated from milk samples in Switzerland in the last 

years. Genotype B and C are clearly the predominant ones. Previous studies further revealed that 

genotype B (GTB) is related to high contagiosity herd problem, important economic loss and is an 

important and recurrent problem in Swiss dairy herds. However, genotype C (GTC) and all the other 

genotypes are associated with intramammary infections of individual cows and cause, therefore, by far 

less costs.  

To ensure these genotypes were not only restricted to Swiss dairy herds, milk samples from various 

European countries and regions were analyzed with the same methods as used for Switzerland so that 

the results could be compared. 

In particular, 1627 isolates of S. aureus from 10 countries and regions were genotyped as described by 

Fournier et al. (2008). A subset of 271 strains was then further tested for their virulence gene pattern 

(Fournier et al., 2008) and spa types (Harmsen et al., 2003). 

 

The results indicate that S.aureus GTB is present in a variety of European countries and is, therefore, 

not restricted to Switzerland. The same is true for GTC and most of the other genotypes. Only a small 

number (n = 8) of new genotypes were observed. 

Based on the analyses performed, we were unable to detect country-specific strains properties except 

in the case of Norway where particular subtypes were observed. 

The present study demonstrates that subtypes of S. aureus observed in Switzerland are essentially the 

same in European countries, indicating that the findings on S. aureus recently elaborated in 

Switzerland are largely also valid for other countries. 
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Objectives 

The first objective of this study was to do whole genome sequencing of an isolate of Staphylococcus 

chromogenes from a subclinical case of bovine mastitis. The second objective was to use this reference 

genome as a template to identify potential virulence genes and screen other S. chromogenes isolates 

to determine if there was an association between these potential virulence factors and strain-type, 

duration of infection, and milk somatic cell count (SCC).  

 

Methods 

For the first objective, whole genome sequencing of a representative S. chromogenes isolate was 

performed using 454 sequencing. Analysis of the draft sequence fragments and identification of 

repetitive sequences was done using computer software available from the Sanger Institute. 

Polymerase chain reaction (PCR) and Sanger sequencing were used to link adjacent contigs into larger 

scaffolds. For the second objective, the template genome was screened for potential virulence factors 

using Bioedit Sequence Alignment Editor. Genes identified have included a gene similar to 

Staphylococcus aureus fibronectin binding protein and a zinc metalloproteinase. No staphylococcal 

enterotoxin genes have been identified. Next, 18 S. chromogenes isolates banked from previous 

research with known SCC, duration of infection, and strain-types were screened for the presence of 

identified virulence genes using traditional PCR methods. Phenotypic characterization was done using 

broth microdilution minimal inhibitory concentration techniques through the University of Missouri 

Veterinary Diagnostic Laboratory using CLSI standards.  

 

Results/Discussion 

To date, a draft whole genome sequence of S. chromogenes has been assembled. A preliminary effort 

to identify virulence genes has been completed. Currently we have not identified genetic virulence 

factor diversity within species. We have noted phenotypic variability based on antimicrobial 

susceptibility, SCC, and duration of infection and genotypic variability based on strain-type. Further 

examination of the genome and identification of differences between strain-types that cause different 

degrees of mammary inflammation will help improve our understanding of S. chromogenes mastitis. 
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The aim of this study was to evaluate the variation of metabolic parameters (glucose, insulin, NEFA 

and BHB) after a glucose tolerance test (GTT) and the correlation between pathologies developed 

during the transition period in dairy cows.  

 

Metabololic parameters were performed on plasma samples from 42 multiparous Holstein Frisian from 

2 high producing dairy farms in the Northest Italy. GTT was carried out 7±5 days before and 7±5 days 

after the calving. Glucose was administered intravenously at a dose of 0.25 g/kg in a 50% solution. 

Blood specimens were collected at the sampling Time 0 (T0) and after the administration of glucose at 

different times (T2, T5, T10, T15, T20, T30, T40, T60, T80, T100, T120, T140, T160). Values of Glucose 

(Glu), Insulin (Ins), Beta-Hydroxybutyrate (BHB) and Non-Esterified Fatty Acids (NEFA) were evaluated 

in a model with period, farm effect (Farm A and B), clinical, production parameters and their 

interactions as main effects and herd as a covariate. 

 

The collected DATA were statistically analyzed by SIGMA STAT 3.7. 

 

Pearson’s coefficients were calculated between the collected data. Area Under Curve (AUC) of Glu, Ins, 

NEFA and BHB were calculated.  

Cows reported lower levels of Glu and Ins after GTT in the post-partum period compared to the 

pre-partum period. Higher levels of BHB and NEFA (P<0,05) were also RECORDED AT the same period. 

A significant positive correlation (P<0,05) was found between NEFA at T80 and milk fever and between 

BHB at T160 and mastitis AS WELL. Metritis were significantly correlated (P<0,05) with glucose at T160. 

Clinical diseases showed a different incidence between two farms, and this could be a consequence of 

different management during the transition period. 

 

The results showed that cows had insulin resistance during the post-partum. Dairy Cows had 

decreased levels of Glucose and Insulin and a subsequent increased levels of NEFA and BHB after the 

calving. This physiological mechanism saves the glucose used by the mammary gland for lactation. 

It has been shown that there is a correlation between the blood parameters in prepartum and THE 

pathologies of the first weeks of lactation. Imbalances of the energetic metabolism during prepartum 

predisposes dairy cows to develop clinical disease in postpartum. 
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Puerperal uterine diseases, like metritis and retained fetal membranes, are among the most important 

diseases in dairy cattle. They cause financial losses due to reduced fertility and milk yield, additional 

treatment costs and increased culling rates. Oxytocin and PGF2α are often used to induce uterine 

contractility in cows affected by puerperal uterine diseases after parturition. This should promote the 

release of uterine content and reduction of uterine size resulting in a faster uterine involution and a 

better fertility. Several studies have shown positive effects of oxytocin as well as of PGF2α on uterine 

contractility in healthy uteri, but up to now there is no information if these drugs induce contractions 

also in inflamed uteri. Therefore, the aim of this study was to investigate the effect of oxytocin and 

PGF2α on uterine contractility in cows with metritis. 

For this purpose, 13 uteri of Holstein Friesian cows showing clinical signs of a metritis (n=7) or no 

metritis (n=6) were extracorporeally perfused after euthanization of the animals. Cows were on 

average 12.8 ± 4.7 days (mean ± SD) after calving. Before euthanization, blood samples were taken for 

determination of calcium, total estrogen and progesterone concentrations. During perfusion with 

Tyrode´s solution oxygenated with carbogen gas (95% oxygen/5% carbon dioxide mixture), uterine 

contractility was measured by using a system with four piezoelectric crystals (Sonometrics Corp., 

London, Ontario, Canada). The crystals were implanted into the myometrium of the great curvature of 

the formerly pregnant horn in a longitudinal direction. After one hour of equilibration, a bolus of 

oxytocin (5 IU) and PGF2α (2.5 mg Dinoprost) were administered in a randomized order with a time 

interval of 30 minutes via catheters inserted into the uterine arteries. Changes in the three distances 

between the four crystals were quantified as relative changes (%) compared to the distances measured 

before hormonal application. Uterine viability was monitored by sampling and measuring glucose and 

lactate from the venous perfusate every 30 minutes. Additionally, pathohistological examinations of 

uterine tissues before and after perfusion were carried out. 

Calcium, total estrogen and progesterone concentrations did not differ (P > 0.05) between both 

groups. As indicated by the concentration of glucose and lactate and pathohistological findings 

uterine viability was not disturbed during the perfusion process. The infusion of oxytocin induced 

shortenings of distances between all crystals in uteri with a metritis and of one distance between two 

crystals in healthy uteri (P < 0.05). After the application of PGF2α, no changes (P > 0.05) of crystal 

distances were noticed in healthy uteri and only one distance between two crystals declined in 

inflamed uteri (P < 0.05). In healthy uteri, no differences (P > 0.05) between the effects of oxytocin and 

PGF2α on distances were noted. Inflamed Uteri showed a more distinct (P < 0.05) shortening in two 

distances after administration of oxytocin than after PGF2α. 

The results of this study suggest that uteri with metritis are more sensitive to uterotonic agents than 

healthy uteri. Oxytocin has a more pronounced effect on uterine contractility in animals with metritis 

compared to PGF2α. 
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Newborn calves depend upon colostrum intake for the acquisition of immunoglobulins and other 

beneficial substances. However, colostrum is also a source of Reactive Oxygen Species (ROS), and after 

birth mammals are known to develop a state in which ROS production increases abruptly, mainly due 

to the induction of pulmonary respiration. If ROS levels overwhelm the antioxidant capacity of the calf, 

animals suffer Oxidative Stress (OS), which plays a key role in the initiation and development of several 

pathological conditions. 

We aimed to study the effects of colostrum’s redox balance on calf’s oxidative status and on the 

passive immune transfer, for which we analyzed the colostrum fed by 20 Holstein calves and the 

serum these calves at the ages of 0, 6, 14, 21, 29, 60 and 90 days; and studied the redox balance and 

immunoglobulin G (IgG) content of both biological samples. For the assessment of the redox balance, 

marketed photometric kits were employed; in colostrum the estimation of pro-oxidants substances 

was made through the quantification of lipoperoxides, whereas hydroperoxides were quantified in 

serum samples as indicators of ROS production. In both samples the barrier to oxidation was 

determined, considering the cumulative action of all the antioxidants present in the sample, rather 

than measuring single antioxidants; since antioxidative defense mechanism is composed by many 

compounds which show different modes of action to fight synergistically against an oxidative 

challenge. IgG were quantified with a commercially available bovine specific ELISA. The effect of the 

colostrum redox profile and IgG concentration on the calves’ serum oxidative status and IgG levels 

was studied through generalized linear mixed models with repeated measurements. Correlations 

between parameters were investigated with the Pearson analysis. 

Our results show that redox balance of the colostrum exerts an effect on the blood oxidative status of 

calves, indicating that the early development of the antioxidant defense of the calf depends on its 

dam. Furthermore the redox profile of the colostrum plays a role in the absorption of IgG, albeit not 

already explained. We also found a significant negative correlation (r= - 0.56; P<0.01) between 

colostrum’s antioxidant activity and IgG concentration, which may be due to the consumption of 

antioxidants during colostrogenesis; suggesting that in colostrums with higher concentration of IgG, 

antioxidants may be consumed in an attempt to protect the antibodies, and since high quality 

colostrums in terms of IgG concentration show lower antioxidant activity, it is important to 

supplement colostrum with antioxidants in order to have a high quality product in terms of both 

immunoglobulin content and antioxidant capacity. 

In addition, the highest risk for OS during the studied period was found during artificial lactation, 

further suggesting the need to supplement calves with antioxidants during this period, in order to 

minimize the harmful effects of this pathological condition. 
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The prophylactic properties of Penethamate hydriodide (Mamyzin®, Boehringer Ingelheim, Ingelheim, 

Germany) on healthy primiparous Mediterranean Buffaloes (Bubalus bubalis) were evaluated in the 

same farm in south Italy. Materials and Methods: An intramuscular administration of 10 million U.I. 

was performed in 20 buffaloes 7 day pre-partum (treated group - TG), while others 20 animals were 

enrolled as control group (CG). The animals were followed during all the milking and an evening milk 

samplings was done at days 10, 30 and 60. Somatic cell count values (SCC) were evaluated on pool 

milk of the four quarters, while bacteriological culture (BC) and California Mastitis Test (CMT) were 

performed on quarter milk. Electrical conductivity (EC) and milk daily productions were always 

recorded after milking.  Moreover during the study,  any buffaloes showed milk’s macroscopic 

abnormalities were individually submitted to clinical examination and new bacteriological culture. 

According to several studies quarters producing milk with SCC values > 200000 cells/ml, with a 

positive bacteriological culture, were considered as affected by mastitis and in end point phase. T-test 

was performed using IBM-SPSS®, 16.0.0, Unites States. 

Results: After 60 days post partum, pool milk samples from each primiparous were collected for a 

monthly SCC and BC until the milking end. During the whole study 360 SCC, 720 BC and CMT, 360 

milk daily production values were recorded. 

At day 10 post-partum, 90% of animals (18/20) and 97,5% of quarters (78/80) resulted healthy in the 

treated group, versus 70% (14/20) and 85% (68/80) respectively in the control group. At day 30 

post-partum, 94,5% of animals (17/18) and 98,7% of quarters (71/72) resulted healthy in the treated 

group, versus 78,6% (11/14) and 91,4% (51/56) respectively in the control group. At day 60 post 

partum, 94,1% of animals (16/17) and 98,5% of quarters (67/68) resulted healthy in the treated group, 

versus 91% (10/11) and 95,4% (42/44) respectively in the control group.  

At the end of two months considered in this study the 80% of animals (16/20) and the 83,7% of 

quarters (67/80) were detected healthy in the treated group, while only the 50% of animals (10/20) 

and the 47,5% (38/80) respectively, in the control group (p<0,01). 

A significant decrease in SCC was observed in TG group v/s CG (p<0,05) at day 30 of milking . No 

significant differences in SCC values and milk productions were detected between 90 days and the 

milking end. 

Conclusions: Buffaloes mastitis is one of the most costly disease in the dairy industry causing 

deleterious effects on Mozzarella cheese productions. In our experimental condition, the Mamyzin® 

administration before the calving shows a good potential prophylactic properties against the most 

common pathogens in primiparous Mediterranean Buffaloes mastitis. An higher efficacy was observed 

post 7 and 30 days of milking than 60 days. Further, the decrease in SCC observed proves as this 

antibiotic could improve the quality of buffalo milk. 
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A female six week old Belgian Blue calf was referred to the Clinic for Ruminants of the Vetmeduni 

Vienna with a history of recurrent fever, inappetence and a head tilt since the previous day. The calf 

had been delivered with assistance (dystocia), supposedly aspirated amniotic fluid and had developed 

fever. It was successfully treated, returned to normal body temperature but spiked a fever again soon 

after, about two weeks prior to admission. 

Upon arrival the calf had a body temperature of 39,0 °C, pulse of 100 bpm, a respiratory rate of 60 

bpm and a head tilt to the left with a hanging left ear without motility. Menace reflex and palpebral 

reflex were incomplete on the left side, and the left eye showed ptosis as well as enophthalmus. It had 

mucopurulent nasal discharge, increased respiratory sounds and was coughing spontaneously. 

For further diagnostics radiographs of the head were performed. They supported the suspicion of an 

otitis media/interna but were not entirely conclusive. Further imaging (computed tomography) was 

declined by the owner. 

Under a short anesthesia (Xylazine, Ketamine) the ear canal was explored endoscopically. The eardrum 

appeared hyperemic. It was then perforated using a knitting needle (myringotomy) and an ear swab 

was taken for bacteriological culture.  

Additionally, the calf was examined ultrasonographically. This showed consolidations of the lung 

ventrally on both sides up to one hands width dorsally of the shoulder joint, leaving little room for gas 

exchange, as well as round structures suspicious of abscesses in the lung parenchyma. 

Despite the grave prognosis, the owner asked for an attempt to treat the calf. Meanwhile, the 

bacteriological culture of the ear swab revealed heavy growth of Mycoplasma bovis. This prohibited 

return to the farm for danger of spreading the bacteria. 

Therefore, and due to the lack of response to treatment, euthanasia was recommended and 

performed. Necropsy revealed an empyema of the left bulla tympanica, bronchopneumonia with 

abscessation and a purulent nephritis. Additionally a trichobezoar and an abomasal ulcer were found. 

The history of the calf allows some speculation on the epidemiological background: A few months 

prior to admission a few calves were added to the herd, one of which had pneumonia. Soon thereafter, 

other calves became sick but were treated successfully. The mother of this calf had mastitis in three 

quarters and the milk was being used to feed the calves. The cow right next to her in the tie-stall barn 

aborted twins at approximately five months gestation. 
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The occurrence of subclinical ketosis in dairy cows leads to a higher risk for production diseases and 

poor reproductive and milking performances. Suthar et al. (2012) reported an overall prevalence for 

subclinical ketosis of 23.8% in 510 dairy herds from nine different European countries. Several cowside 

diagnostic tests for ketosis in milk and urine are available and have been reviewed elsewhere. The 

objectives of this study were to evaluate two commercially available electronic hand-held meters 

(GlucoMen LX Plus
®

 (GLX), A. Menarini, Italy and FreeStyle Precision
®

 (FSP), Abbott, USA) for detection 

of hyperketonemia in the blood of dairy cows and to compare the results with an already evaluated 

device (Precision Xceed
®

, Abbott, USA). As the test systems are based on enzymatic reactions, an 

additional objective was to evaluate the influence of the ambient temperature on the test results. 

A total of 425 blood samples, collected in two dairy farms, were used in this study. The blood samples 

drawn from the Vena and/or Arteria coccygea were immediately analyzed for ß-hydroxybutyrate (BHB) 

with both devices. After clotting blood samples were centrifuged and serum was stored at -25°C until 

analysis by the Central Diagnostic Unit of the University. Serum concentrations of BHB determined in 

the laboratory were regarded as the gold standard. To evaluate the influence of the temperature, the 

blood samples were stored between +4°C to +32°C. After a stepwise increase of the temperature by 

4°C the concentration of BHB in the samples was determined with both devices. 

The prevalence of subclinical ketosis, based on concentrations of BHB in serum >1.4 mmol/L was 7.0%. 

The correlation coefficients were highly significant for both devices with 80.3% for the GLX and 94.0% 

for the FSP. Thresholds, determined by ROC analyses to distinguish between normo- and 

hyperketonemia, are concentrations of BHB in serum of >1.2 mmol/L for the GLX and >1.4 mmol/L for 

the FSP, respectively. Sensitivities and specificities of 0.86 and 0.97 for the GLX and 1.00 and 0.97 for 

the FSP, respectively were excellent for both cowside tests.  

By performing a logistic regression, no significant influence of the temperature on the test results 

could be obtained.  

The study demonstrates that both devices are suitable for detection of hyperketonemia, with test 

characteristics comparable to an already evaluated hand-held device. No adjustments of the test 

results have to be taken into account for varying ambient temperatures within a range of +4 to +32°C. 
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In gram-negative bacteria, resistance to 3th and 4th generation cephalosporins has been associated 

with the production of broad-spectrum beta-lactamases (BSBL) (both extended spectrum 

beta-lactamases (ESBLs) and AmpC beta-lactamases). ESBLs confer resistance to most beta-lactam 

antibiotics, but are not effective against cephamycins, carbapenems and beta-lactamase inhibitors. In 

contrast, AmpC beta-lactamases usually confer resistance to all beta-lactams, with exception of 

methoxy-imino-cephalosporins and carbapenems. Since domestic animals can be carriers of BSBL 

genes, the use of cephalosporins in food animals is strongly critisiced by human medicine. Despite 

BSBL genes being wide-spread, few clinical problems associated with BSBL producing bacteria have 

been reported in cattle. This abstract reports on a case series of catheter infections with BSBL 

producing E. coli in a teaching hospital. In February-March 2012, 5 Belgian Blue diarrheic calves (8-10 

days old) were transferred to the clinic. The owner experienced exceptionally high neonatal mortality 

rates, which could not be suppressed by paromomycin, cefquinome, marbofloxacine and gentamicin. 

At arrival, permanent intravenous catheters were placed in the jugular vein to correct severe 

dehydration and acidosis. All calves showed failure of passive transfer in the blood examination and 

cefquinome was administered to prevent septicemia. One calf demonstrated recurrent fever. A 

phlebitis of the left jugular vein was confirmed by ultrasound. Empiric therapy with doxycycline, 

penicillin or neomycin did not relieve the fever. An abscess had developed on the vein, from which an 

E. coli with an AmpC phenotype was isolated. BSBL producing E. coli were also detected in the faeces 

of this calf and the 3 other calves. At necropsy, a pure culture of E. coli with the AmpC phenotype was 

obtained from the jugular vein, embolic thrombi in the vena cava cranialis and the lung, as well as 

from a bilateral purulent arthritis of the knee. Subsequently, faecal samples from calves of the same 

age were taken at the herd and BSBL producing E. coli were isolated from 5 of 9 samples. In June and 

July three cases of phlebitis in neonatal calves from other owners were diagnosed by ultrasound 

between 8 and 18 days after catheter placement. In two of these calves there was abscess formation 

on the jugular vein and BSBL producing E. coli were cultured from these abscesses as well. All calves 

completely recovered after treatment with 13.13 mg/kg amoxicillin clavulanic acid for 15 to 21 days. 

Extra hygienic measures were taken at the clinic, and special attention was paid to aseptic placement 

of catheters. No new cases have occurred since. Strain identification is still ongoing, but the present 

report already illustrates that BSBL producing E. coli can cause clinical problems in calves with failure 

of passive transfer, can be introduced in a clinic and likely become nosocomial. 
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Together with the poultry and pig industry, veal production is currently criticized for the intensive use 

of antimicrobials. The vast majority of this antimicrobial use goes to the management of bovine 

respiratory disease (BRD). The classification of veal calves according to BRD risk at arrival to target 

metaphylaxis, is one possible way to reduce antimicrobial use. The objective of the present study was 

to assess whether serological parameters can be used to predict BRD in the first 6 weeks after arrival. 

On 10 veal herds a total of 342 calves were blood sampled at arrival, 6, 12 and 24 weeks of production. 

Antibody levels and seroconversion against bovine respiratory syncytial virus (BRSV), bovine viral 

diarrhea virus (BVDV), parainfluenzavirus type 3 (PI-3), bovine herpesvirus 1 (BHV-1), bovine 

adenovirus type 3 (BAV-3), Mycoplasma bovis and Mannheimia haemolytica were determined 

together with the total immunoglobulin (IgG) level by commercially available ELISA’s (BIO-X). 

Additionally, a BVDV PCR was performed. The BRD peak in the first 6 weeks after arrival was mainly 

associated with seroconversion against Mycoplasma bovis (52.9% of the calves) and BVDV (28.2%). In 

contrast, seroconversion against Mannheimia haemolytica did almost exclusively occur after 12 weeks 

of production (32.1% of the calves in total), when practically no BRD was observed. With exception of 

BHV-1 (only 30% of the herds), all other pathogens were present on 80 to 100% of the herds. Of the 

calves, 2,9% was BVDV antigen positive at arrival, and 0.9% were confirmed persistently infected, of 

which 2/3 died. Strikingly, 42.7 and 27.8% of the calves had total immunoglobulin levels lower than 10 

and 8 g/L respectively, suggesting failure of passive transfer. In the first 6 weeks, on average 12.9% 

(range 2.5-31.0%) of the calves was diagnosed with BRD by the producer and individually treated. 

Arrival parameters associated with BRD in the first 6 weeks, were the serostatus for PI-3 (seropositive 

calves had a decreased risk) and M. bovis (seropositives had an increased risk) at arrival. Total IgG 

levels lower than 8 g/L trended towards an increased BRD risk. This model was of little use for BRD 

prediction (sensitivity= 50% ; specificity= 87.9%). It can be concluded that under the present 

antimicrobial group management, which biases the individual diagnosis of BRD, the obtained BRD risk 

models were of no practical use and the respiratory serostatus at arrival was highly similar in each 

herd. However, determining total IgG and M. bovis serostatus at arrival, can help to identify herds of 

origin, with a bad colostrum management or infected with M. bovis. Also, testing veal calves for BVDV 

at arrival is too late, since transiently infected animals are already present. These three factors can be 

used to avoid commingling of low and high risk calves in the supply chain, to adjust arrival 

management and to set calf purchase prices. 
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Intensive selection for desired production traits, exacerbated by the extensive use of artificial 

insemination, drastically reduces the effective population size of livestock populations including cattle.  

This leads to frequent outbursts of genetic defects, which are causing major economic and welfare 

concerns. We have established a heredo-surveillance platform in the Belgian Blue Cattle breed (BBCB) 

highly selected for meat production to (i) monitor the emergence of novel genetic defects, (ii) identify 

causative loci and mutations by positional cloning, (iii) develop and offer indirect and direct diagnostic 

tests. 

In 2009, the platform was contacted by breeders and veterinarians regarding the occurrence of 

newborn calves presenting lethal generalized arthrogryposis syndrome. In addition to arthrogryposis, 

affected calves exhibited macroglossy and impaired tooth eruption as prominent symptoms and in 

some cases cleft palate and lips, omphalocele and bilateral corneal clouding and fetal membranes 

hydrops causing early cull of the dams and extra economic losses for the breeders.  We used 

cases-controls haplotype-based association analysis to map the causative gene to a 2.2 Mb 

identical-by-descent interval on bovine chromosome 10.  Selected cases were subjected to 

high-throughput (HT) genome-wide sequencing to reach full coverage of the region.  After stringent 

filtering against a collection of polymorphisms present in unrelated control individuals, no evidently 

deleterious mutation stood out among the remaining handful of private mutations.  Subsequent 

HT-RNA sequencing data analysis of a heterozygous mutant embryo highlighted a C to G transversion 

(211-10C>G) in the splice acceptor region of the phosphatidylinositol glycan anchor biosynthesis class 

H (PIGH) intron 1 as possibly relevant.  Indeed, this mutation was shown to provoke total skipping of 

PIGH exon 2 in homozygous mutant tissues.  Exon 2 being in frame, the corresponding mutant 

protein, 37% shorter, was missing its central part.  PIG-H protein has been characterized as an 

essential member of the enzymatic complex catalyzing the initial step of glycosylphosphatidylinositol 

(GPI) biosynthesis involved in the anchoring of a subset of cell surface proteins.  Mutations in other 

complex components are known to cause embryonic lethality in human and mice. Moreover, several 

characterized GPI-anchored proteins mutants in human and mice presented cranio-facial, skeletal and 

ocular abnormalities, macroglossia and hernia reminiscent of bovine arthrogryposis syndrome.  Since 

December 2009, a haplotype-based test, replaced in October 2012 by a mutation-based one, is 

available to avoid mating risks. As a result, we observed a rapid disappearance of affected cases and a 

progressive decrease of carrier frequencies.  

In conclusion, our study highlights the efficiency of the HT-RNA sequencing in the management of 

unsolved inherited disorders in cattle with the usual methods. 
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The European livestock industry and associated veterinary profession are under increasing pressure to 

use antimicrobials and anthelmintics responsibly.  The European Platform for the Responsible Use of 

Medicines in Animals (EPRUMA) states responsible antimicrobial use to be “proper administration of 

the antimicrobial coupled with the correct quantity used for the necessary time period” 

(http://www.epruma.eu/). 

Antimicrobial resistance exists on farms, and will increase if we do not change our prescribing habits 

and educate those responsible for administering the products on the tenets of responsible use. 

Selection of an appropriate antimicrobial to be given at the correct dose for the correct duration is 

central to responsible use. We can base our choice of antimicrobial, dose and course duration on 

sound pharmacological evidence, but if we cannot accurately identify the correct weight of our 

patients, we cannot hope to administer the correct dose. The same is true of anthelmintic use: 

certainly sustainable worm control strategies for cattle such as „COWS“ (Control of Worms Sustainably 

http://www.eblex.org.uk) continue to emphasise the need for accurate dose rates and the importance 

of avoiding under-dosing.  

As veterinary surgeons, we often rely on our own and the stockman’s experience to estimate an 

animal’s weight. Few UK farms have justified the expense of a weigh scale, or such a scale is not always 

available. Therefore many animals are not being dosed accurately but by educated (and possibly 

uneducated) guesswork!  

This study evaluates the ability of veterinary surgeons, farmers and veterinary students to visually 

estimate the weights of dairy cattle of varying ages and compares these estimates with predictions of 

weight based on heart girth.  Heart girth is well correlated with body weight (Heinrichs et al. 2007) so 

can be used as a practical, repeatable and accurate predictor of body weight.  

Data are collected from clinical cases in dairy animals seen by the five veterinary surgeons working at 

the University of Bristol ambulatory farm animal practice. Any bovid to be treated is included in the 

study. Whenever possible, one or more final year veterinary students attend clinical cases. Animal 

details are first recorded on a data collection pad, including age, sex and breed of the animal, the date 

and the farm name. The veterinary surgeon, students and farmer all give a visual estimation of the 

weight, which is recorded, each participant is blinded from the other estimations. A heart girth 

measurement is then made by placing a measuring tape vertically at the point of the elbow, and the 

weigh tape “weight” prediction is recorded. 

A pilot study showed an expected difference of 10% between weight estimates and tape 

measurements. These data were used in sample size calculations, and a sample of 200 cases was 

calculated to be adequate to obtain a significant result, if one exists. The study will sample at least 200 

animals in a data collection period from November 2012 to May 2013. On completion of data 

collection the data will be analysed using statistical analysis software (Stata Statistical Software: 

Release 12. College Station, TX: StataCorp LP). 

 

Reference: 

HEINRICHS,A.,ERB,H.,ROGERS,G.,COOPER,J.&JONES,C. 2007. Variability in Holstein heifer heart-girth measurements and 

comparison of prediction equations for live weight. Preventative Veterinary Medicine,78,33-338 
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Background: Disbudding and castration are routine painful practices conducted in livestock species to 

facilitate handling by reducing stress and aggressive behavior and decreasing the risk of physical 

injury. According to the “three-step model”, which was first presented on 1st September 2008, 

anesthesia for disbudding calves <3 weeks of age and castrating calves and lambs <2 weeks of age 

may be administered by trained farmers. Step 1 is successfully completing a theoretical course, step 2 

is practicing the line block with the respective contract veterinarian and step 3 is the official control of 

the practical execution of this procedure. To date, experience with this unique delegation model is not 

available. Objective:  to evaluate the experience of the members of the Association of Swiss Ruminant 

Practitioners (SVW) with the “three-step model” four years after its initiation. Methods: in fall 2012, a 

web-based survey was conducted among all SVW members to validate the delegation model. A total 

of 170 SVW members responded, representing a rate of 40%. Only those veterinarians who spend at 

least 50% of their working time with farm animals, at least 80% of which is with ruminants were 

accepted as survey respondents.  The survey consisted of 3 questionnaires for each of the 3 

procedures, composed of 8 similar questions. Procedure 1 was the delegation of anesthesia for 

disbudding calves; procedure 2 was the delegation of anesthesia for castrating calves, and procedure 

3 was the delegation of anesthesia for castrating lambs. For statistical analyses cross tabulations and 

Chi-square tests were performed to compare the outcomes among these 3 procedures. Results:  as 

compared to the situation before the introduction of the “three-step-model”, 36% of the respondents 

stated that the frequency of anesthesia they performed had declined in all 3 groups. Fifty-two % of the 

participants indicated that in 100% of their clients’ farms, disbudding of calves was only performed 

under local anesthesia, while this was 39% in procedure 2 and only 8% in procedure 3 (p<0.0001 as 

compared to procedures 1 and 2). While 58% of the respondents judged that anesthesia for 

disbudding was performed properly by more than 66% of their clients, this percentage was 45% for 

procedure 2 and 34% for procedure 3 (p<0.001 between all 3 groups). Thirty-one % of the 

practitioners stated that at least a third of their clients still assigned their contract veterinarian to 

administer anesthesia for disbudding, although these clients had successfully completed the 

mandatory education and training, indicating that the proper administration of anesthesia may be too 

demanding for some stock owners. This percentage was 34% for procedure 2 and 18% for procedure 

3 (p<0.0001 as compared to procedures 1 and 2). Three quarters of all respondents (procedures 1 and 

2) but only 62% for procedure 3 (P=0.004 as compared to procedure 1) assessed the model as a 

moderate to very good approach. Conclusion: the delegation of anesthesia to trained stock owners 

may be a promising model for putting into place the obligation to provide analgesia for disbudding 

and castrating calves, but to a lesser extent for castrating lambs. This knowledge may support 

law-makers and practitioners in their decision-making process on how to implement the obligation to 

provide analgesia for painful zootechnical interventions in calves and lambs. 
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Background: Hoof lesions and lameness are considered major welfare concerns and costly production 

problems for the modern dairy industry globally. Hoof lesions account for 80-90 % of all lameness in 

cattle. Early detection of hoof disorders could result in a reduction of severe cases of lameness. 

Therefore, practical strategies and non-invasive methods to improve hoof health and to monitor the 

prevalence of hoof disease are needed. Objective: To examine the usefulness of infrared 

thermography (IRT) as a non-invasive diagnostic tool for early detection of foot pathologies in dairy 

cows, by measuring the coronary band (CB) temperature. It was hypothesized that by focusing on the 

CB region, IRT may be able to detect lesions of the hind feet of dairy cows. Further purposes included 

to determine effects of stage of lactation and ambient temperature on hoof temperature. Methods: A 

total of 626 thermal observations were collected from 24 cows before and after claw trimming. The 

cows were grouped in first (n = 8) and second parity (n = 16), either in early to mid-lactation (≤200 

DIM, n = 16) or in late lactation >200 DIM (n = 8). An infrared-camera (JENOPTIK VarioCAM) was used 

to measure the surface temperature of the CB region of the hind feet. The average, minimum and 

maximum surface temperatures were recorded by IRBIS software from medial and lateral hooves of 

each hind foot. Recorded claw disorders at hoof trimming were considered as “gold standard”. All 

measurements were done at the same point in time relative to hoof trimming, within a thermally 

neutral zone (TNZ; temperature range: about 5 to 20°C) and 10-15 minutes after cleaning the dorsal 

area of the feet. Cows were grouped as 0 (no lesion) or 1 (> 1lesion in 1 hind foot). The pre- and 

post-trimming data were analyzed separately. Receiver operating characteristic curve (ROC) was 

performed to create a cut-off value. Results: Temperatures of CB were significantly higher in cows 

being DIM≤200 than in cows having DIM>200 for all healthy hooves. The average temperatures were 

31.84±2.7 vs. 29.75±3.6, respectively. Coronary band was positively correlated with ambient 

temperatures. A linear model was generated to determine this association (R² = 0.92). The average 

temperatures for CB were 30.31±3.2°C, 27.30±2.92°C; 32.12±1.7°C for 12.2°C, 15.7°C and 20.3°C parlor 

temperature, respectively. To minimize the confounding factor “ambient temperature”, only the 

temperature differences between (0) and (1) on CB were analyzed. In the pre and post-trimming data 

analyses, a significant difference was found in temperature of the CB between (0) and (1). Temperature 

differences between hind feet (0) and (1) on CB were determined at 0.64 and 1.09°C before and after 

claw trimming, respectively (Sensitivity [SE] = 85.7%, specificity [SP] = 55.9% and Sensitivity [SE] = 

80.0%, specificity [SP] = 82.9%, respectively), with the aim to detect hoof lesions. Conclusions: The 

results demonstrate an increase in the surface temperature of the CB of the affected foot as compared 

to the healthy contralateral foot. This suggests that each cow can serve as its own control for surface 

temperature variations. These differences between (0) and (1) feet as measured by IRT might be useful 

for detection of hoof lesions in dairy cows without clinical inspection of the hooves. 
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Painful interventions in the area of the feet are frequently performed under insufficient pain 

management in Swiss dairy cows. This contrasts with the Swiss obligation to analgesia for any painful 

interventions in animals, the expectance among the Swiss people of the compliance with strict animal 

welfare legislation, and the farmers’ opinion to the importance of reducing pain to the lowest possible 

level. To further evaluate the current situation in therapeutic claw-trimming in Switzerland, this study 

investigated the factors influencing the attitudes of involved persons toward the benefit of local 

anesthesia during the excision of sole ulcers, the level of pain provoked by this intervention if 

performed without analgesia, and the sensitivity to pain of dairy cows. Data of 77 farmers, 32 

claw-trimmers, and 137 bovine practitioners were used, gained by means of questionnaires. 

Multivariate logistic and multiple regression models were performed to investigate the questions of 

interest among all respondents, and within the group of practitioners, farmers, and claw-trimmers. The 

attitude toward the benefit of anesthesia during the excision of sole ulcers was influenced by the year 

of graduation, work experience, consideration of costs and withdrawal times, competition between 

practitioner and claw-trimmer, diameter of lesion, occurrence of defense, knowledge of the obligation 

to analgesia, estimations of the pain level provoked and of the sensitivity to pain of dairy cows. The 

level of pain was negatively correlated with the frequency of therapeutic claw-trimming, practitioner’s 

age, and farmer’s income, and positively associated with higher estimated knowledge about possible 

benefits of analgesics, and higher estimated sensitivity to pain of dairy cows. The estimated sensitivity 

to pain of dairy cows was associated with group of respondents, frequency of therapeutic 

claw-trimming, capability of recognizing pain, opinion toward the benefit of analgesic drugs on the 

general condition, knowledge of the obligation to analgesia, and self-estimation of the capability of 

pain recognition. More knowledge of involved persons about pain, pain management and the 

sensitivity to pain of dairy cows is considered decisive within the attempt to improve the current 

situation. 
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The objective of this study was to determine the influence of weekly locomotion scoring and thus, 

early detection and treatment of lame cows by a veterinarian on lameness prevalence and incidence, 

duration of lameness, fertility, animal health and milk yield on a dairy farm in Northern Germany in 

comparison with cows of the same herd which underwent the routine lameness management 

practiced on that farm. At the beginning and the end of the experimental period (41 wk), functional 

claw trimming was performed by a professional hoof trimmer on all cows. Locomotion scoring of the 

whole herd was done weekly by a trained veterinarian using a five point scale (1 = normal, 2 = mildly 

lame, 3 = moderately lame, 4 = lame, 5 = severely lame). All cows in the veterinary group (vet group n 

= 99) with a locomotion score (LS) > 1 were examined and treated. In the farmer group (n = 99), it was 

solely in the hands of the farmer to detect lame cows and to decide which cow to treat. Over the 

experimental period, data from the monthly Dairy Herd Improvement (DHI) testing, fertility measures 

and disorders during puerperium (metritis/endometritis, clinical mastitis, ovarian cysts) were 

documented. For each new lame cow, the duration of lameness was determined. The lameness 

incidence of 4 wk periods was calculated. Already 3 wk after the claw trimming, the frequency of cows 

with LS = 1 was higher and that of LS = 2 and LS > 2 was lower in the vet group compared with the 

farmer group (P < 0.05). The prevalence of lame cows (LS > 1) increased in the farmer group from 

47.6% in week 2 to 84.0% in week 40. In the vet group, the prevalence of lame cows (LS > 1) decreased 

from 50.0% to 14.4%. Within groups, the monthly lameness incidence did not differ. The average 

duration of lameness for newly lame cows was 3.7 wk in the vet group (n = 135) and 10.4 wk in the 

farmer group (n = 112) (P < 0.001). The increasing prevalence of lameness in the farmer group could 

consequently be attributed to the longer duration of lameness. There was no effect on fertility. The 

incidence of puerperal disorders did not differ between groups. The mean 100-day milk yield tended 

to be higher in the vet group than in the farmer group (3386 kg versus 3359 kg, P = 0.084). These 

results suggest that early detection and treatment of lame cows (including slightly lame cows) can 

significantly reduce the duration of lameness, and therefore, the prevalence of lameness. 
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Belgian blue cattle breed (BBCB) is well known for its extreme muscular development and the 

systematic calving by C-section due to the feto-maternal disproportion. Congenital articular rigidity 

(CAR) is considered as one of the most frequent musculoskeletal defect affecting BBCB newborn 

calves. CAR is defined by fetlock and carpus or fetlock and hock ankylosis at birth, mostly caused by 

flexor tendons and/or ligament retraction. In Liège’s Ruminant clinic this disease represents 5 % of all 

consultations.  The purpose of this study is to evaluate the efficiency of treatments carried out for 

different degrees of CAR in BBCB calves referred to Ruminant clinic of the University of Liège.We 

developed a classification in four grades depending on locomotor system alterations and associated 

neonatal diseases complications. The four grades are defined as: 

Grade I: One bilateral joint of the forelimbs or hindlimbs is involved with normal demeanour , normal 

rise and walk but “toe-touching ” in standing. The manual reduction of the stiffness is complete.  

Grade II: One bilateral joint of the forelimbs or hindlimbs is involved with normal demeanour, rise and 

walk by grasping the cannon bone. The complete manual reduction of the stiffness is possible. 

Grade III: Two bilateral joint of the forelimbs and/or hindlimbs are involved with altered demeanour, 

no rising, normal standing if helped. The manual reduction of the stiffness is incomplete. 

Grade IV: Two bilateral joint of the forelimbs and/or hindlimbs are involved with an altered 

demeanour, no rising, and no standing even if helped. The manual reduction of the stiffness is 

impossible. 

The treatment could be conservative for the grade I, consisting on confinement for a minimum of 10 

days, and surgical treatment is recommended for the higher grades. Surgery was performed under 

sedation associated with loco-regional anaesthesia of palmar or plantar digital nerves. Surgical 

treatment consisted of tenotomy of the deep (DDFT) and superficial (SDFT) digital flexor tendon of the 

fetlock, and application of a splint for a minimum of 2 weeks. In grade III a tenotomy of the DDFT, 

SDFT, a partial desmotomy of the suspensory ligament of the fetlock is performed and associated with 

the tenotomy of the palmar carpal ligament (in the forelimbs). The splint is then applied for a 

minimum of 3 weeks. In grade IV the same surgery is performed on the four legs.  

Seventy-three BBCB calves referred between 2009 and 2011 have been considered in our study. 

Explainable variables were highlighted, as 84% of calves were males, and their weight on average was 

9 % higher than unaffected matched calves of the same age. The 91 % of the calves have been treated, 

9 % of calves presenting a grade IV and complications were euthanized. Overall success rate of the 

treatment was 72 %. Separately, 100 % of grade I, 81 % of grade II, 65 % of grade III, and 40 % of 

grade IV were treated successfully with a follow-up of minimum 6 months. The most common 

complications we have noticed were omphalitis and arthritis, which negatively influenced the 

prognoses. 

 In bovine health management, useful tools to improve the economic prognosis are necessary to 

decide whether to treat or not. We herein provide the efficiency of this classification scale to precise 

the diagnosis and the prognosis of CAR and to perform best treatment. 
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Early detection and intervention in dairy cows showing signs of lameness are vital to minimising the 

economic and welfare impact on individual animals. This pilot study was designed to develop a means 

of ascertaining whether visual severity of claw horn lesions (sole haemorrhage (SH), sole ulceration 

(SU) and white line disease (WLD)) at the time of treatment had an impact on recovery.  

Study cows were located on four commercial dairy farms in central England and were part of a larger 

project on the treatment of lameness being carried out at Nottingham University. Cows were mobility 

scored fortnightly using a 6 point scale and newly lame animals (two non-lame scores followed by a 

lame score) examined. Each of the lame cows received a 5-step, therapeutic foot trim on the affected 

leg and no further treatment. Following trimming the claws were photographed to provide a record of 

the lesions seen. Animals were mobility scored two and four weeks post treatment to assess recovery.  

A prospective, weighted visual lesion scoring system was established in consultation with an 

independent expert group. Five lesion categories were created as a basis for scoring; sole 

haemorrhage size, sole haemorrhage severity, sole ulcer severity, white line disease length and white 

line disease severity.  Each of the five categories was assigned a scale of zero to three (0=no lesions 

present, 1=mild lesion, 2=moderate lesion, 3= severe lesion). The experts were asked to 

independently weight the biological significance of lesions both within each category scoring scale 

and between categories. A value of 1 was pre-assigned to a mild lesion in each category and to the 

category ‘sole haemorrhage severity’ as a baseline.  Using the values obtained across the experts, an 

average weighted score was established to determine the relative significance of a score 1, 2 or 3 

within each category and also to determine the relative significance between categories. A final 

weighted score could then be generated for all the lesions visible in each photographic image. 

Weighted visual lesion scores (WVLS) were determined for each claw on 77 cows from photographs 

taken at the time of treatment. All assessments were conducted by a single independent observer 

(DBC).  

High WVLS at the time of treatment were significantly associated with higher mobility scores at the 

time of treatment (P=0.02). There was no difference in the WVLS at treatment between animals which 

were lame and non-lame (i.e. recovered animals) at two weeks post treatment. At four weeks post 

treatment, animals which were non-lame (i.e. had recovered) recorded significantly lower (P<0.001) 

WVLS at the time of treatment i.e. the WVLS at the time of treatment was predictive of whether an 

animal would recover.  

Our preliminary results suggest that the ‘expert’ perceptions of biological significance and WVLS 

developed are relevant to the clinical situation. Using the scoring system, cows with lesions which were 

considered more severe were shown to be significantly more likely to be lame at four weeks 

post-treatment than those with mild lesions. Such information may be of value to farmers, foot 

trimmers and veterinary practitioners in determining management of individual animals 

post-treatment. Further investigation of the dataset to include more animals followed over a longer 

period post treatment is required to fully elucidate the impact of claw horn lesion severity on recovery 

following a therapeutic trim. 
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Bovine Digital Dermatitis (DD) is an infectious multifactorial claw disease that causes outbreaks of 

lameness in cattle worldwide. The disease leads to loss of the epidermal border to the environment 

due to the formation of circumscribed ulcerative skin lesions. The implementation of effective 

interventions aimed at preventing and controlling outbreaks of DD face numerous challenges due to 

the multifactorial pathogenesis of DD. Spirochetes appear to be the predominant bacterial species 

found in DD lesions and Treponema spp. play a significant role in the pathogenesis of DD. The precise 

etiology of DD and the interactions between pathogens and the skin defense mechanisms are not 

completely understood. In addition, the factors that lead to the destruction of the bovine epithelium 

and the role of keratinocytes during the pathogenesis of DD are unknown. 

An in vitro model for the interaction between pathogens and bovine skin could shed light on the 

pathogenesis of DD. This study results in the laboratory models for the interaction between 

Treponemes and organotypic keratinocyte cell cultures during in vitro infection studies. The main goal 

of this study is to create artificial bovine epithelium, i.e. to generate a stratified skin equivalent by 

means of an organotypic cell culture. 
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The sufficient uptake of quality colostrum with high concentration of immunoglobulins is critical for 

the new born calf to ensure health during of the first weeks of life via passive immunization until the 

immune system of the offspring can adequately produce own antibodies. Because first colostrum may 

be low in overall concentration in order to effectively reduce the risk of newborn infections, we tested 

milking fractions of colostrum for possible IgG differences. The objective of this study was to 

determine if the fractional composition of colostrum changes during the course of milking with a 

focus on immunoglobulins. Twenty four Holstein and Simmental cows were milked with a quarter 

milker within 4 hours after calving (first colostrum = C1). The colostrum of one quarter per animal was 

assembled into four percentage fractions over the course of milking: 0%-25% (F25), 25%-50% (F50), 

50%-75% (F75), 75%-100% (F100). The IgG concentration among the various fractions (F25 to F100) 

did not change in any significant pattern. Concentration of protein, casein, lactose and SCC remained 

similar or exhibited only minor changes during the course of fractional milking in C1.  It is 

determined that there is no benefit to feeding any particular fraction of C1 to the newborn. 
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Sufficient passive transfer of immunoglobulins from colostrum is a basic condition for health of 

newborn calves but failure of passive transfer is common. In the Czech Republic (CR) the specialists 

know for many years that on some farms in the USA all calves get 4 l of colostrum as their first meal. 

Because this volume is larger than the volume of abomasum, recommendation for Czech calves was to 

get 2 l of colostrum (native or frozen) within 2 hours after parturition. In CR it used to be 

recommended to provide the second meal 4 hours after the first one, but on nearly all farms the 

second meal is provided during the next regular feeding of other newborn calves – 2 or 3 times a day 

(that means later). Some calves were allowed to suckle from its mother before the first meal. 

Checks of colostrum management have been carried out in CR for many years as a part of the herd 

health management. This study summarizes results of routine biochemistry checks of 604 calves 

(Holstein, Fleckvieh) from 29 farms in the CR during 2008-2011. Blood samples were taken from 

1-6days old calves (one from each). Serum levels of total protein (TP), albumin (Alb) and γ-glutamyl 

transferase (GGT) were analysed in university labs by photometry methods. The passive transfer status 

was also assessed using the zinc sulfate turbidity (ZST) test. Globulins (Glb) were counted from TP and 

Alb. The samples were divided according to: 1. level of TP; 2. levels of ZST units (U); 3. age of calves; 4. 

parity of dams. These groups were compared using nonparametric tests. Relationships among the 

monitored parameters were tested by linear correlation test. 

The samples reached good mean values (TP 63.7 g/l, Alb 30.6 g/l, Glb 33.1 g/l, ZST 11.5 U, GGT 10.7 

μkat/l) but 42% of calves had low ZST U (ZST<10 U). According to the level of TP there were 74% of 

calves with TP≥55 g/l and this group showed better values in all parameters (p<0.001). When the 

samples were divided according to ZST U, the group with 10-15 U appeared as a border of sufficient 

passive transfer, mean values of monitored parameters were: TP 64.6 g/l, Alb 30.6 g/l, Glb 34 g/l, ZST 

12.5 U, GGT 11.5 μkat/l. Only GGT showed more expressive age-sensitive changes - the highest activity 

was found in 1 day old calves. GGT decreased quickly in the next days. So it could be suggested to 

take samples for GGT examination in 1-3days old calves, for other parameters whenever during the 

first week of life. We found relatively small but significant differences between calves from primiparous 

and pluriparous dams. Calves from pluriparous dams showed better values for TP, Alb, Glb and ZST. It 

can be due to better colostrum quality, easier parturition etc.  

Among the monitored parameters were found strong correlations. Both TP and Glb correlated 

strongly (r=0.77, 0.79 respectively) with ZST. This confirms that TP is a good predictor of ZST. GGT 

correlated moderately with TP, Glb and ZST (r=0.48, 0.55, 0.51 respectively). GGT showed moreover 

large individual differences. It has limitation in diagnostic of passive transfer failure in calves. GGT 

could be useful for diagnostic on group level.  

The results confirm and clarify the importance and relationships of serum total protein, zinc sulfate 

turbidity units and γ-glutamyl transferase in check of colostrum management. Moreover it's obvious 

that there are constantly many deficiencies in colostrum feeding in calves in the Czech Republic. 

Supported by the NAZV grant No. QI91A238. 
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Nowadays horns are generally considered an undesirable trait by cattle farmers and are selected 

against in several breeds. Absence of horns is controlled by a single dominant inherited mutation (P, 

polled) which we mapped in the bovine genome to chromosome 1. An interacting second locus 

responsible for the sex-influenced expression of scurs is still unclear. Scurs are small bony growths on 

the head of polled cattle that develop in the same area as horns but are not firmly attached to the 

skull. We performed whole genome re-sequencing of polled Simmental and Holstein cows to detect 

associated DNA variants for polled. Our results clearly show breed specific independent polled 

mutations. Furthermore we performed a whole genome association study to localize associated 

genome regions for scurs. 
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Streaked hairlessness (patches of hairless skin alternated to completely healthy hair) is a rare condition 

seldom reported in livestock. It has been described once in a family of US Holstein cattle reporting 

affected females only. We observed a four generation pedigree of Pezzata Rossa cattle with four 

females showing this condition in the whole body. Through whole genome high-density SNP marker 

genotyping we mapped an associated region on cattle chromosome X. We proceeded to sequence 

the whole genome of a single affected cow using next generation sequencing technology. We found a 

possible candidate causal mutation which is predicted to affect dramatically the protein sequence of 

an uncharacterized gene. 
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Immune response in calves with bronchopneumonia is often mediated by immunoglobulin G 

antibodies. Immunoglobulins, as constituents of immune complexes (IC) initiate the effector phase of 

immune response. IC could have an important role in the pathogenesis of pre-ruminant calves’ 

bronchopneumonia. As potent activators of complement and neutrophils they might be responsible 

for immune protection, as well as for pulmonary damages. Functional characteristics of circulating IC 

(CIC) in the pre-ruminant calves have not been studied in detail. The aim of the study was to 

determine whether CIC of calves with bronchopneumonia differed from those of healthy control in 

capability (capacity) to induce in vitro functional changes in peripheral blood leucocytes. Knowing that 

the immune response of young and adult animals to some antigens can be different, we analyzed 

effects of the isolated CIC on function of peripheral blood leukocytes of both healthy calves and cows. 

Functional characteristics of CIC of 12 Holstein-Friesian calves, at the age of three months were 

analyzed in the study. Calves were classified by signs of respiratory disease in two groups: healthy (n = 

6) and diseased (n =6) calves. The CIC from calves’ sera were isolated by the polyethylene glycol 

precipitation (PEG) method. Peripheral blood mononuclear cells (PBMNC) and granulocytes were 

obtained from 3 months old healthy calves (n=5) and cows at 30 days after parturition (n=5). 

Peripheral blood mononuclear cells (PBMNC) were isolated by density centrifugation and granulocytes 

were purified by ammonium-chloride lysis of erythrocytes. Effects of the isolated CIC on cells` viability, 

synthesis of reactive oxygen species (ROS), adhesion, and mitogen induced proliferation were 

analyzed.  

Our results showed that CIC from both healthy and diseased calves did not influence in vitro survival 

of PBMNC of calves and cow and granulocytes of calves. But CIC decreased survival of caws` 

granulocytes in 48h cultures, with more pronounced effect of CIC of diseased animals. CIC induced 

synthesis of ROS in both PBMNC and granulocytes. The effect CIC of diseased animals on synthesis of 

ROS in caws` granulocytes was more pronounced. CIC also stimulated adhesion (i.e. activation) of 

PBMNC and granulocytes both calves and cows. It was also shown that the effect CIC of diseased 

animals on the adhesion of caws` granulocytes was more expressed. CIC from both healthy and 

diseased animals inhibited mitogen (PHA) stimulated proliferation of PBMNC of cows and calves. Level 

of inhibition was the same (about 50%) for CIC of healthy and diseased calves. 

Circulating IC could induce changes of in vitro peripheral blood leucocytes function and importance of 

this result for in vivo immune response in calves with bronchopneumonia remains to be resolved. 
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After feeding a new batch of rapeseed meal (2.5 kg/cow/day) in the TMR of dairy cows on a dairy farm 

in Bavaria, numerous puddles of reddish fluid were found in the cublicle housing system. These were 

caused by a red discoloration of the urine. Directly after urination, the urine was macroscopically 

yellow and bright; the discoloration developed throughout the consecutive hours. Feed intake was 

markedly decreased and milk yield was decreased by 10 %. No disturbances of the general health and 

blood key parameters were evident. After feeding two other cows with rapeseed meal of this batch 

(thrice daily 1 kg each), the phenomenon occurred in one animal at the third and fourth day. Further 

analyses revealed evidence that the discoloration was due to substances which were excreted via the 

kidney and led after delayed reaction with the oxygen in the air to reddish urine. 
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A congenital anomaly of the pinna of the ear called crop ears is supposed to be inherited as dominant 

trait in Scottish Highland Cattle. Usually both ears are affected and the malformation occurs in 

different forms with varying degree of deformation. We collected DNA samples of 35 cases and 52 

normal controls from different breeding flocks of Highland Cattle across Switzerland. Analysis of the 

pedigree records shows close relationship among affected cattle and indicates common ancestors. We 

genotyped 777,962 SNP markers in 31 cases and 35 controls and performed a whole genome 

association study. We identified a single significantly associated genomic region for crop ears on cattle 

chromosome 6. Ongoing whole genome re-sequencing of an affected animal aims to decipher the 

responsible gene and the causative mutation. 
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Wound management in cattle remains a challenge for many reasons. First of all, the major reason is 

the economic limits in livestock. Then, wound management requires a cooperative patient and 

maintaining a clean environment, which may be challenging especially when extremities are involved. 

Finally, the products available and authorized for the treatment of livestock animals become rare. We 

herein report the wound management of a pregnant Belgian blue cow, which presented severe skin 

necrosis of the four limbs secondary to a prolonged stay in a river.  

A four-year-old pregnant Belgian blue cow was presented to the clinic for Ruminants for lameness and 

edema affecting the four limbs. The day before, the cow got stuck in a river for about 10 hours. The 

initial clinical examination revealed tachypnea, tachycardia, congestive mucous membranes, severe 

edema of the four limbs and reluctance to move. After clipping and cleaning the limbs, the skin 

appeared grey. A loss of sensitivity was present from the claws to the carpus/tarsus. The cow was very 

painful and trampled all the time. A combination of opioids and NSAIDs was administered for 

analgesia as well as broad-spectrum antibiotics. Hydrotherapy alternating hot and cold water was also 

initiated. At day 9, the necrotic skin started to slough spontaneously. Lavage was performed twice a 

day using warm 0.05 % diluted chlorhexidine solution. Devitalized tissue was manually removed 

during each lavage and wet-to-dry bandages were applied during the all debridement process. 

Granulation tissue was however not healthy and Debrisoft® sponges (Lohman & Rausher) were used 

to eliminate superficial necrotic tissue, bacteria and debris. Silver sulfadiazine dressings were then 

applied once a day. At day 22, healthy granulation tissue was covering the entire wound surface and 

the epithelialization process was progressing. Vaseline dressings containing 10 % diluted povidone 

iodine were applied on the wounds until complete epithelialization occurred at day 135. During 

hospitalization, a high-protein diet was administered to optimize healing and to maintain pregnancy. 

After five months, a hairless completely epithelialized tissue was present and the cow returned to her 

exploitation. She gained 30 kg in weight during the process and she calved of a healthy male calf 

weighting 43 kg, 22 days after the expected calving date. 

We herein report the successful treatment of a pregnant cow with severe toxic cutaneous necrosis of 

the limbs. The most likely etiology of these lesions seems to be a prolonged contact with chemically 

contaminated water of the polluted river. The complete healing process, in this case, took 4 months. 

Little information is available in the literature regarding wound management in cattle due to the usual 

reluctance of owners to treat those extensive wounds. Treatment decision takes into account favorable 

prognostic elements (pregnancy, no alteration of the hoof, and carcass price of the cow) and negative 

ones (extended lesions, financial costs). Nutritional support, analgesia and maintaining the cow in a 

clean environment contributed to the successful outcome. The favourable outcome reported in this 

pregnant cow shows that extensive wounds may be successfully managed in cattle using available 

products. 
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Introduction and Objective 

Thrombosis is uncommon in cattle. She is regarded as prognos-tically unfavorable. We have examined 

the importance for bovine patients. 

 

Results 

In the Leipzig autopsy statistics from 1999 to 2007 make pulmonary thromboembo-lism from 11%, the 

patients of the Medical Clinic 10.6%. Thrombosis is mostly accompanied by retained placenta, 

endometritis, phlegmon pelvis, peritonitis, mastitis and abomasal ulcers. They are in our own patients 

the cause of circulatory disorders that manifest themselves clini-cally as typical 

septicemia-hypovolemic shock symptoms, accompanied by decreasing blood pH and base excess and 

increasing urea concentrations. The septicaemic circulatory insuffi-ciency includes hypercoagulability 

and microthrombosis in the lungs, respiratory disorders and insufficient blood supply to other organs. 

This may also be the cause of downer cows. Indirect signs of septicemia include leucopenia, increased 

bilirubin and glucose, decreased potassium, cholesterol and phosphate concentration, and 

thrombocytopenia. Cows with puerperal septicemia have altered levels of coagulation factors 

fibrinogen, factor XIII, D-dimer, procalcitonin and platelet counts. Basic treatment are the 

hemodynamic stabilization and focus medication. Increased clotting can be treated by heparin and 

Dexamethasone. For prophylaxis is important: The predisposition for thrombosis start in the dry 

period with metabolic disorders followed by chain reaction - dystocia - delayed uterine involution – 

retained placenta - Endometritis - septicemia. 

 

Conclusions 

Thrombosis can be common cause of death in early lactation in cows. They are accompanied by 

septicemia. These must be treated consistently. 
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In the search for new food sources that contribute to the optimization of livestock production; this 

paper discusses the possibility of using waste (called banquettes) of a marine plant commonly found 

on the Mediterranean coasts: Posidonia oceanica. The idea stems from the use of a waste that in 

summertime generates large costs because it is considered bothersome on the beaches. Thus, tons 

and tons of residues are collected each year from the beach, often being destined for incineration. 

Then, alternative uses for these residues are suggested. Literature already includes the use of 

Posidonia residues as an unusual forage fiber for livestock, an example being in Australia where they 

use another variety: Posidonia australis. We believe that the information gathered so far directed 

toward using these residues as forage source, relevant fact on the Mediterranean coast, where the 

weather does not enhance the abundance of grasses. This report provides data on its nutritional 

(chemical and mineral) composition, comparing their values with those traditionally used as foodstuffs.  

With this purpose, several samples were analyzed for residues of leaves P. oceanica collected on the 

beaches of tourist interest in the region of Murcia (SE Spain). After a drying process, chemical and 

mineral composition was determined.  

In relation to chemical composition, our preliminary results on P. oceanica indicate that this seagrass 

provides similar values to P. australis in relation to ash (18-17.6 % DM basis), crude protein (4.0-4.2 

%DM basis) and ether extract ( 1.0-1.5 % DM basis); with a net energy (NE) around 3600 cal/g DM. In 

relation to mineral composition, Posidonia contains minerals with a nutrient profile, although literature 

on this topic is scarce. Previous analysis performed on different parts of P. oceanica showed on leaves 

mean concentrations of Fe ranging from 70-140 ppm; values of Co ranging from 0.94 to 1.54 ppm; Cu 

ranging from 8.9 to 12.9 ppm; Mn concentration between 18.8 and 36.2 ppm; and Zn values ranging 

from 95 to 171 ppm. Our current analysis performed by us on P. oceanica leaves using the same 

analytical technique showed higher Fe, Mn and Co values, and lower Cu and Zn concentrations than 

those previously observed. As reported previously, cereal straw mean contents of 4 ppm for Cu; 180 

ppm for Fe; 37 ppm for Mn and 16 ppm for Zn. This fact means that the addition of P. oceanica would 

imply changes in the ration design, because this raw material could act not only as forage fiber source 

but also as mineral supplement, fact that could help lower costs in terms of mineral supplementation. 

The information collected in this review in terms of structure and composition, makes us optimistic 

about the use of banquettes of P. oceanica in animal nutrition as mineral source in ruminants, an 

important fact in areas where the availability of pasture is scarce. 
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Assess the quality of forage for animal nutrition is a difficult task, especially when it comes from a 

source not explored to date. The successful production in feedlots, especially at certain times will 

depend on the quality of feed used. In the case of P. oceanica is very important to understand the 

factors that determine the quality of this new forage source, with the aim of designing new protocols 

in animal feed. 

To this aim, several leave samples of P. oceanica were collected from the beaches of the Region of 

Murcia (SE Spain) and incubated for 24 hours in order to observe the degree of digestibility (dry and 

organic matter, DM and OM) and its fiber composition, in terms of crude fiber (CF), neutral detergent 

fiber and acid (ADF and NDF) and its lignin fraction (ADL). 

Our preliminary results on P. oceanica indicate that this seagrass provides higher levels in regard to 

the NDF and ADF than previous studies conducted on P. australis. As happened to P. australis, lignin 

fraction (ADL) in P. oceanica showed also to be higher than the values previosly reported for straw (8.4 

% DM basis), hay (between 4.4-8.0 % DM basis) or silage (between 4.2-8.0 % DM basis). Our data 

about dry and organic matter digestibility (DMD and OMD) showed values about 27.8% and 21.3%, 

respectively, similar to other seagrass such as P. australis.  

Taking into account these preliminary results, and in agreement with the observations made for P. 

australis, it is clear that these seagresses although give a poor dietary protein source for animal 

nutrition, can be consider as a cheap forage source; a relevant fact in areas where fresh pastures are 

scarce. 
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Hyperthermia is a classical sign of poisoning by ergot (Claviceps purpurea), but this is the first time 

that a similar syndrome has been reported from Europe in association with triticale. 

The contamination of foods and feeds with mycotoxins is a significant problem. Mycotoxins are fungal 

secondary metabolites that have adverse effects on humans and animals. Ergot alkaloids are, besides 

aflatoxins, ochratoxins, zearelenone and fumonisins, the mycotoxins with the greatest economic 

impact.  

We report a case of ergot intoxication in 25 dairy cattle from Switzerland. Cattle had hyperthermia, 

heavy dyspnea, an increased requirement for water and significant reductions in milk production. All 

cases were associated with the feeding of triticale grain infected with ergot (Claviceps purpurea). There 

were no signs of infectious disease.  

Ergot in triticale samples was 0,7 % ergot sclerotes by weight. Total ergot alkaloid concentrations were 

very high (14 mg/kg) with Ergocornin and Ergosin accounting for 4 mg/kg, each. Other important 

mycotoxins were below guidance values. The effect of ergot alkaloids on cattle is discussed.  

We recommend prevention of mycotoxin contamination in the field, or detoxification of animal feed, 

e.g. by mechanical sorting and separation, floating or denisty segregation. 
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The objective of this study was to evaluate whether introducing the condensed wheat distillers soluble 

ProtiWanze® (PW) in diets of beef cattle has an impact on feeding costs, health and production of the 

animals.  PW by-product from a Belgian bio-ethanol plant which utilized only wheat without bran, is 

an acid (pH=4) liquid feed rich in energy (VEM= 1130) and protein (TP= 282 mg/kg DM). 

PW supplementation from 9 to 13% on DM basis has been tested in 4 suckler cows’ farms for 4 

months in 2011 and 2012:  In 2011, 2 BB (H1 and H3) and 1 Blonde d’Aquitaine (H2: 23 cows) herds 

were evaluated and in 2012, the Blonde d’Aquitaine herd was replaced by a third BBB herd (H4: 42 

cows).  Every month, animals’ health and production were checked by the mean of Body Condition 

Score, Ruminal Fill, Fecal Consistency, Undigested Fraction and Locomotion Scores determination, as 

described by Zaaier et al.(2001) and Sprecher et al.(1997).  Ruminal fluid was sampled by a stomach 

tube (Ruminator®) on 5 cows for pH, redox potential (Methylene blue test) and protozoa assessment 

(optical microscopy).  Reproduction performances of this 2 year’s-period were analyzed.  Price of a 

diet containing the same amount of proteins brought by a mixture of 1/3 soybean and 2/3 canola 

meal was calculated to verify whether introducing PW reduced feeding costs.  

Results 

Whatever the concentration of PW used, no adverse effect has been observed concerning 

reproduction, production performance, ruminal pH.  Feeding costs were reduced by 0.08 €/cow/day 

in 2011 and by 0.02 €/cow/day in 2012.  This lower spared amount in 2012 is the consequence of the 

reduction in PW protein concentration while its price increased.  Anyway, comparison has to take into 

account the energy brought by this CDS as it has been suggested by Petersen’s equation, which 

compares CDS price with soybean meal but also with maize price.  Further argument to be 

considered, especially in BB, is the high PW palatability, its low ruminal filling value and better 

roughage digestion. 
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Introduction: During nutritional evaluation in dairy herds, the mineral status of cows is frequently 

considered to be a risk factor for suboptimal performance or reproduction problems. Traditionally, this 

evaluation is done with a calculation of the ration. However, forage analyses and ration calculation 

have practical problems relative to the representativeness of the sample as well as to the costs and 

duration of the procedure. Furthermore, factors like interactions among minerals or digestibility of the 

mineral compounds can often not be evaluated precisely. The way between the budget (the calculated 

ration) and the result (the metabolized ration) can be long and sinuous. Therefore, an evaluation at the 

animal level often yields useful results. 

The goal of this presentation is to discuss three diagnostic approaches to evaluate the mineral status 

of dairy cows: blood, hair and urine analyses. In a second part, some examples of reproductive 

disorders related to the mineral status of the cows will be presented. 

Preliminary comments: In order to evaluate the nutritional status using analyses at the animal level, 

some reflections have to be made. First, the analyses have to be made on clinically healthy animals 

and outside of periods with instable metabolism like peripartum (Ca, P, Mg) or heat stress (Na, K, Cl). 

In such periods, the changes potentially observed are related to short term regulation mechanisms 

and do not reflect the nutritional status. Then, the diagnostic test has to be made on a group of at 

least 6 individual animals as representative as possible for the problem observed. As urine 

concentrations of macrominerals can vary by a factor 100 or even 1000, it is important that the 

animals are analyzed individually and not on pooled samples. Finally, the results of such analyses are 

dependent of the method used and each lab has to produce its own reference values.  

Blood analyses: Except for anorganic phosphorus (P), blood concentrations of the most important 

macro-minerals sodium (Na), potassium (K), chloride (Cl), calcium (Ca) and magnesium (Mg) are 

strongly controlled by homeostasis and do not show sufficient variations to evaluate their nutritional 

status. 

Analyses of hair: Hair analyses are sometimes used with the idea of reflecting a long-term supply. In 

two studies recently conducted at the HAFL, hair analyses have yielded inconsistent results. No 

correlation could be found neither with the calculated supply nor with blood analyses (Estermann, 

2010, Ruoss 2011). 

Urine analyses: The fractional excretion (FE) has been proposed as the gold standard to evaluate the 

nutritional status of macro-minerals (Fleming et al., 1992). For Na and K, the use of the ratio of K:Na 

has also been described (Eicher et al., 1999). Recently, a very good correlation between FE and a 

simplified index using the urine concentrations corrected for creatinine has been shown (Choffat & 

Eicher, 2008). 

It has to be mentioned that urine concentrations of P are generally low, which can sometimes lead to 

interpretation problems related to the detection level of the method. If urine analyses do not yield 

clear results, the diagnostic approach may be completed with blood P analyses.  

Conclusion: To evaluate the nutritional status of macrominerals, we recommend to measure urine 

concentrations corrected for creatinine levels. This approach is considered to be reliable and 

cost-effective for the veterinarian involved in animal nutrition. 
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Selenium (Se), copper (Cu), zinc (Zn) and Iodine (I) deficiencies are frequently observed in cattle in 

Europe. The Belgian Blue (BB) breed is particularly prone to these deficiencies because of its higher 

dietary requirements. The aim of this study was to validate the alleged greater efficacy of organic 

minerals to prevent deficiencies in BB farms. 

A double-blinded controlled field trial was organized from November 2011 to may 2012 in 13 

professional BB farms as a split-plot equitably dividing the pregnant dams in each farm in 2 groups 

based on their gestation length and parity and randomly assigning them to the 2 mineral treatments. 

Mineral supplements of 100 grams were fed daily to 699 pregnant dams for at least 2 months before 

calving. Group A (n=358) received 4 mg Se, as 2 mg Optimin SeY (63% seleno-methionine Se enriched 

yeast, Nutreco), and 2 mg Na2SeO3, 140 mg Cu as 70 mg CuSO4 and 70 mg Optimin Cu (Nutreco), 

and 500 mg Zn as 250 mg ZnSO4 and 250 mg Optimin Zn (Nutreco). Group B (n= 341) received the 

same amounts of Se, Cu, and Zn, but only in their inorganic form. Supplements also contained 

sufficient I, Co and vitamins. Farms were visited monthly to record zootechnic and health data from 

dams and calves. Calves were weighted at birth and at the end of the study to calculate their average 

daily gain (ADG). In 6 farms, calves were suckling while bucket-feeding was applied in the others, using 

lacto-replacers in 5 farms and cow’s milk in 2 farms. All calving were achieved by caesarean-section.  

Colostrum was sampled at calving and analyzed for total protein (densitometry) and IgG content.  

Calves were blood sampled between 48 h and 7 d of life to test their passive immunoglobin transfer 

on serum by refractometry. 

No significant difference (p>0.1) was noticed between groups A and B concerning abortions (A=14, 

B=8), diseased cows (A=24, B=26), dead cows (A=4, B=5), diseases calves (A=56/344, B=50/333), dead 

calves excluding fatal accidents and congenital defects (A=17, B=23) and ADG of calves (A=0.62 kg, 

B= 0.61 kg). Mean weight of calves at birth was not different between groups and was 55.8 kg for 

males and 51.2 kg for females. ADG was greater in suckling calves (795 g/day) in comparison with 

lacto-replacer fed calves (343 g/day) and milk fed calves (543 g/day). Only considering the 479 

suckling calves, morbidity (A=15.1%, B=15.7%) and mortality (A=5.2%, B=5.7%) did neither differ 

between the 2 groups.  As well the colostral quality than the passive transfer (A=56.7 g/L TP, B=57.3 

g/L TP) were equivalent in both groups. 

Results about these performances are thus inconclusive but it has to be taken into account that they 

were excellent in both groups in comparison with usually observed morbidity (>25%) and mortality 

(10-12%) rates in BB calves in Belgium. 
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Sodium is a major mineral in the metabolism of ruminants. The daily requirement of sodium is 1.5-2 

g/kg dry matter (DM). A chronic deficiency of sodium may cause polydispsia, polyuria, pica, weight 

loss and reduction of milk production. In farms, the sodium supplementation is usually made by use of 

salt licks. The aims of this study were to compare the intakes and behaviour of the cows offered two 

types of salt lick - simple or enriched - and two different positions of the salt licks in the barn far or 

near the water through.  The herd of 80 animals was divided according to breed, parity, days in milk, 

production and milk quality in two homogeneous groups during the winter. Two simple salt licks 

made of sodium chloride were available in the control group. One lick was located near the water 

trough and the other far from it. In the other group, the disposal of the salt licks was similar but with a 

different composition: 19.5% of sodium only associated with major minerals, trace minerals. The total 

ration was similar for the two groups. It was offered ad-libitum. The sodium concentration was about 

1.2-1.3 g/kg DM. Video cameras were disposed to observe the behaviour of the two groups. The cows 

in the enriched group ingested significantly more salt from the lick than in the control group (60.1 

±16.4 vs 40.2 ±12.4 g/cow/day, P<0.001) but significantly less sodium (11.6 ±3.4 vs 14.9 ±5.3 g 

Na/cow/day, P<0.001). In the enriched group, the cows visited and spent significantly less time than in 

the control group (2.4 ±1.1 vs 3.5 ±1.6 visits/cow/day, P<0.05; 4.7 ±2.8 vs 8.9 ±5.8 min/cow/day, 

P<0.01). In the control group the cows ingested significantly more salt and spend more time at the lick 

disposed near the water through than far from it (20.5 ± 7.8 vs 15.9 ± 5.6 g/cow/day, P<0.05). The 

cows seemed to come more often to the licks between 12:00 - 13:00 and 15:00 – 16:00 and after each 

milking (5-8 visits/hour). In the two groups, the licking was usually followed by eating (41.0 and 52.3% 

respectively in the enriched and control groups). When the cows visited the salt licks close to the water 

through, the drinking behaviour after licking was larger in the two groups, 28.7 vs 5.5% and 25.7 vs 

5.2% of drinking behaviour being observed after the visit to the salt lick in the enriched and control 

groups respectively. Activity behaviour after licking was observed for 20.6% of the cows in the 

enriched group rather than 10.9% in the control group. It could be associated to the presence of a 

swinging brush only in the enriched group. In conclusion, even if the cows in the enriched group 

ingested 20 g more salt lick than the control group, the amount of sodium ingested was on average 

3.3 g less in the enriched group. There were many individual differences uncorrelated to milk 

production, days in milk or parity. The smaller amount of salt ingested in the control group could be 

linked to the higher hardness of the control salt lick. In the present study, the cows ingested up to 15 

g Na/cow/day with a classic salt lick. So the remaining requirements have to be provided by feeds 

and/or minerals added in the ration. The classical salt lick could be considered as an economical and 

efficient solution to provide sodium to the cows. When a classical salt lick is offered, the farmer has to 

locate it near the trough in order to maximize the sodium ingestion and to stimulate water intake 

important items for the production and the health of the cow. 
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Due to increasingly automated data recording in industrialized dairy herds, the herd veterinarian 

usually has access to a large number of recordings that may be useful for characterization of 

unspecific multi-factorial health problems. Some management programs include standard 

multivariable statistical models to identify statistical associations between a clinical manifestation like 

lameness and a potential risk factor or patterns of risk factors that may indicate the nature of the 

health problem. This is somewhat similar to the diagnostic process for diagnosis of disease in 

individual cows. For analysis of cow-related data, a common problem is how to consider interactions 

or confounding between the risk factors and how to account for non-linear relations that are common 

in biological processes (e.g. shapes of lactation curves). Even with a limited number of possible risk 

factors, there are numerous ways to combine the variables, the interaction terms, and non-linear 

components. In the scientific literature considerable effort is used to describe this model selection 

process, which may be time consuming, even for experts. Automatic selection procedures exist but 

they may be quite restrictive with respect to adaptation to local herd conditions and the interpretation 

of the output may be too complicated for veterinarians without statistical expertise. Consequently, we 

need some (semi-)automatic adaptive modeling approach that identifies major risk factors in each 

herd. The purpose of the study was to explore the usefulness of Multivariate Adaptive Regression 

Splines (MARS) as a tool for quantitative diagnosis of lameness and associated risk factors as an 

example of a common and complex health problem in larger herds with automated recordings. We 

used a ‘standard approach’ (widely used in veterinary research) to select a model of lameness among 

93 dairy cows in a dairy herd and compared the results of the final model with the results of a MARS 

model. To our knowledge, MARS has not been used previously for typical veterinary epidemiological 

analyses. In the standard approach the statistical relations between each individual risk factor (the 

‘main effects’) and the response (e.g. lameness, yes/no) were described and tested separately. 

Predictors/risk factors were excluded from the analysis if the statistical significance was above a 

threshold of 0.20. Two-factor interactions were tested after the principle ‘biologically plausible 

interactions were tested’. Non-linear relations were explored sporadically by means of categorization 

although we could have used polynomials. The typically chosen threshold for statistical significance of 

0.05 was applied as a criterion to keep or exclude the terms from further analysis. The subsequently 

applied MARS approach identified the same main effects but in addition it identified two interaction 

terms and non-linear relations. It is a major advantage of MARS that continuous variables are explored 

automatically. That is, we do not need to select more or less arbitrary cutoff-values or use polynomials 

that may cause illegal predictions in case of outliers. A disadvantage is the risk of getting a final model 

that is too sensitive. That is, we may select a model that is too complex (over-fitting). However, this is 

where the context-specific knowledge of the local advisor comes into play because this knowledge 

probably will show that some (spurious) relations are irrelevant or non-sense. 
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To estimate the prevalence of infectious claw disorders in young stock and first parity heifers and to 

evaluate the effect of grazing on claw disorders, 10 Dutch dairy herds participated in a 2-year 

longitudinal study. Five were zero-grazed, while cows and young stock had access to pasture during 

summer in the other five. Twenty female calves < 1 year and 20 females between 1 and 2 years of age 

were randomly selected on each farm, and were individually monitored at 3-month intervals for 2 

years. Data from 366 animals with at least five observations were analysed. Prevalence of digital 

dermatitis (DD), interdigital dermatitis/heel horn erosion (IDHE) and sole haemorrhages (SH) were 

high enough for analyses. The prevalence of DD remained on a low level up to 18 months of age 

(averaged 6.2%). From then the prevalence  inclined gradually to 52.5% in 42 months old housed 

animals. In pastured herds the inclination of the prevalence started at the age of 24 months to 45.5% 

on 42 months. The prevalence of IDHE remained on a low level up to 9 months of age (averaged 

3.5%). Afterwards it inclined gradually to 91.3% and 86.4% in zero-grazed and pastured herds 

respectively. In the pastured herds the prevalence of IDHE was after a few moths approaching that of 

the permanent housed herds. Zero-grazing, month of observation, age class and the presence of the 

disorder in a younger age class were all risk factors, both for DD and IDHE. The prevalence of SH in 

animals that were pastured in summertime was lower compared with housed animals. Three months 

after the start of the housing period the prevalence of both groups were comparable. After calving of 

heifers the SH prevalence inclined markedly to a maximum at the age of 30 months: 65,0% in housed 

and 53,4% in pastured animals. Afterwards the prevalence declined in both groups: respectively 43,5% 

and 38,6% on the age of 42 months. To conclude pasturing had a positive effect on DD, IDHE and SH 

but this effect was temporarily. 
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Early detection of disease, monitoring of endemic diseases and substantiation of freedom from 

disease are described as key tasks of modern public veterinary services in order to allow international 

trade with animals and agricultural goods and to document the sanitary status of domestic livestock. 

The necessity of costly surveillance systems for the described purposes contrasts with limited financial 

and personal resources. To reduce manpower and to optimize logistics for the sampling itself, the use 

of centralized infrastructures where enough representative specimens for large scale sampling are 

available seems obvious. In Switzerland, dairy cattle are tested using bulk milk samples provided by 

the laboratory conducting the bimonthly mandatory milk quality control. However, this covers only 

milk delivering farms. To cover also beef cattle that accounts for ca. one third of the Swiss cattle 

population, alternative sampling methods must be explored. The present PhD Project aims in 

assessing the slaughterhouse as possible data source for monitoring and surveillance programs in 

cattle. 

In order to determine the representativeness of the slaughter population in regards of geographical 

coverage and age structure, the population dynamic was modeled using the data of the Swiss animal 

movement database (AMD) and the network characteristics of cattle movements in general and the 

resulting geographical coverage of the slaughterhouses in particular is analyzed. The output of of 

these models can also be used for future disease transmission models and help policy makers in 

developing strategies regarding animal health, animal welfare and livestock management. 

A practical feasibility study done in collaboration with the six largest Swiss cattle slaughterhouses and 

the Swiss veterinary service rose evidence that a data management system must be established 

connecting the slaughterhouses and the veterinary service in order to allow for targeted sampling of 

predetermined animals, i.e. to fully exploit the slaughterhouse  as data source for monitoring 

programmes.  

The development of an algorithm that attributes every cattle a daily actualized status (include in 

sample or not) and the comparison of the cost effectiveness of the current on farm sampling to the 

sampling in the slaughterhouse will be evaluated in work packages still due. 
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The bovine paratuberculosis or Johne’s Disease is an infectious disease with chronic enteritis, often 

underestimated, and which has a considerable negative economic impact within the infected herds. 

The causative agent, Mycobacterium avium sp paratuberculosis (MAP), have a very slow development, 

but a very high resistance in the environment. The clinical signs appear only to the final stage of the 

pathology and there is no treatment or valid vaccine.  

 

In 49 Walloon bovine herds registered on a voluntary program of paratuberculosis based on an 

indirect ELISA screening on individual milk or serum (IDVET - ID Screen® Paratuberculosis indirect), an 

IS-900 RT-PCR (ADIAGENE - ADIAVET® PARATB REALTIME) test on faeces was realized to increase the 

probability of detection of infected animals. The herds were classified in three groups according to the 

intra-herd sero-prevalence: The first group is totally seronegative (SNEG), herds in the second group 

have a low sero-prevalence (Pa intra herd < = 6.5%) (SPOS) and herds in the third group were strongly 

sero-prevalent (Pa intra herd > 6.5%) (SHPOS).  

The mean sero-prevalence in sero-positives groups were respectively of 3.4% (95% CI: 3.1% to 3.6%) 

and 13.5% (95% CI: 11.4% to 13.6%) 

The mean proportion of PCR positive animals in each groups were respectively of 3.9% (95% CI: 3.3% 

to 4.6%), 18.8% (95% CI: 17.8% to 19.9%) and 35.8% (95% CI: 33.8% to 37.8%).   

Globally, in the 2 sero-positive groups, the proportion of cattle detected positive by PCR was 4 times 

higher than the proportion of sero-positive cattle. Considering as infected an animal positive to any or 

both tests;  24% of the infected cattle were detected by ELISA versus 90% by the PCR technique. The 

intensity of excretion, based on the Ct value of the PCR was also considered and its relation with the 

age and the MAP-status of the mother was studied. 
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Many studies have been conducted to define risk factors for the transmission of bovine 

paratuberculosis, mostly in countries with large herds. Little is known about the situation in infected 

Swiss herds and risk factors important for transmission in smaller herds. Seventeen infected herds (10 

dairy, 7 beef) were included in a case-control study with 4 matched negative control herds per 

infected herd to identify significant risk factors associated with a positive herd infection status. Fecal 

samples were analyzed by fecal culture to define within-herd prevalence in infected herds, and the 

effects of management practices on prevalence were assessed. An overall animal prevalence of 5.7% 

was found. Animal purchase was highly associated with a positive herd infection status (OR=7.66, 

p=0.005) and several factors associated with contamination of the heifer area with cows’ feces and 

management of the calving area were found to be significantly associated with the within-herd 

prevalence. 
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Introduction 

The IDEXX M. bovis antibody test kit is an ELISA designed to detect the presence of antibody to M. 

bovis in bovine serum and plasma samples. This test could improve bovine tuberculosis (bTB) 

detection of tuberculosis (TB)-infected animals in TB-infected herds or could be an easy, cost effective 

surveillance tool in TB-negative regions. The M. bovis ELISA test is validated and certified by the OIE as 

fit for the purposes defined in the kit insert. Also, USDA license has been obtained in September 2012, 

and various European countries are looking into registration of the test. 

 

Material and Methods 

Characterized serum and plasma samples were obtained from worldwide sources and were used to 

validate the M. bovis ELISA. Two temporal series were produced from animals exposed to M. bovis and 

followed over time. Positive samples from 3 different countries were obtained from either culture 

positive animals (n = 307). Sample sets (n = 100) with varying skin or γ-interferon results were 

evaluated to demonstrate subsets of positive animals within TB-infected herds (n = 45) and the power 

of combining tests to increase overall sensitivity. Negative samples (n = 1473) were obtained from 4 

different countries with samples originating from negative herds, states or regions. In addition, to 

understand potential cross-reactivity with other Mycobacteria, samples were obtained from animals 

exposed to large doses of M. paratuberculosis, M. avium and M. kansasii or from a herd with high 

Johne’s antibody levels.  

All samples were evaluated on an M. bovis antibody kit manufactured at production scale, according to 

the standard kit protocol. Samples with S/P ratios of ≥ 0.30 were considered positive for M. bovis 

antibodies. 

 

Results 

Data from the M. bovis temporal series revealed that animals can develop antibody titers within weeks 

of exposure and that an antibody response can be boosted after the application of a skin test. The M. 

bovis antibody ELISA detected 197/307 samples from culture positive animals resulting in a sensitivity 

of 64.2% . Using a single test method, between 71.1% and 75.6% of herds would have been detected. 

Combining tests resulted in an increase in herd sensitivity to between 86.7% (γ-Interferon and ELISA) 

and 97.8% (γ-Interferon, SICCT and ELISA). On negative sample sets, the M. bovis ELISA demonstrated 

a specificity of 98% with no cross reactivity observed on M. paratuberculosis (both experimental and 

field infected) or M. avium samples. Transient, low level reactivity was observed with animals 

inoculated with large doses of M. kansasii. 

 

Discussion & Conclusion 

The strategic supplemental use of the IDEXX M. bovis antibody test represents a fast, easy, objective 

and cost effective option for use in bTB programs and can increase overall diagnostic power by 

detecting subsets of infected animals missed by current methods. This test's high specificity allows for 

an application of this test in bTB-negative regions. 
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Introduction 

Bovine viral diarrhea virus (BVDV) is one of the world's most costly bovine diseases. It suppresses the 

immune system, making the infected animal susceptible to other infections. Eradicating BVDV requires 

detecting and removing persistently infected (PI) cattle that constantly shed the virus in lage amounts 

and expose other animals to disease. To make testing easier in remote areas, an antigen-capture 

point-of-care assay for bovine viral diarrhea virus (BVDV) was developed using lateral flow technology.  

 

Material & Methods 

The BVDV Ag POC was evaluated with samples of genotype 1 and genoype 2. 878 whole blood 

samples, 627 plasma/serum samples and 440 small ear notch samples collected from herds in China 

and Germany were used. BVDV PI status was confirmed with the IDEXX BVDV Ag/Serum Plus Test. 

 

Results 

The IDEXX BVDV Ag Point-of-Care Test shows high sensitivity (whole blood, 96.5%; plasma/serum, 

98.5%; small ear notch, 100%) and high specificity (whole blood, 99.1%; plasma/serum, 99.4%; small 

ear notch, 100%).  

 

Conclusions 

This test is robust, easy and fast. It offers immediate ability to interpret results and draw conclusions 

when still on farm. It can be used on an individual animal basis in areas with limited laboratory 

infrastructure. 
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Purpose 

Bovine Viral Diarrhea (BVD) virus is a pestivirus with a strong economic impact in infected herds. 

Pregnant cows infected between the 30th and 125th day of gestation, with a non-cytopathic strain, 

give birth to persistently infected (PI) calves, which are the major source of infection. One of the 

strategies to control or eradicate BVD is to identify and eliminate PI animals. Nowadays, ear notch test 

represents an effective method. Our objective is to propose an extensive range of PCR workflow 

suitable to purposes. 

 

Methods 

In a context of high prevalence, we recommend a workflow without purification step, with pool sizes 

up to 20 samples. With a low prevalence, we propose to work with bigger pool sizes (up to 100) with a 

purification step. To reveal inhibitions in pools, we advise to use an exogenous IPC; and to use an 

endogenous one to control the presence of animal cells in individual samples. If pooling samples is 

too laborious, we propose a third kit developed especially for ear notch testing, using a smaller 

amount of reagent per sample and adaptable with 384 plate format.  

 

Results 

The results of a French study (from March 2011 to January 2012) on 7270 animals from 139 herds 

showed a prevalence of around 3% with different PCR tools (around 2% in ELISA).  

 

Conclusions 

Our three PCR tools, with an appropriate workflow, are now approved by ACERSA. These ranges of 

solutions are suitable to different situations in Europe, in a context of BVD control or eradication. 
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Every year large outbreaks with 5-10% dead animals (yearlings and adults) related to the peracute 

form of malignant catarrhal fever in cattle are noticed in The Netherlands. The main symptoms are 

mostly high fever (41-42°C), stop eating and drinking, depression and affection most mucosal 

membranes. Most animals die or are euthanized within 2-3 days. The diagnosis are confirmed by 

typical pathological findings also and by identifying the causing ovine herpesvirus-2 DNA by PCR in 

the affected cattle. A typical finding in a 2012 outbreak with > 20 dead animals, was the typical 

pathological/pathognomonic changes (vasculitis) in an aborted calf at 7 months, while the dairy cow 

did not show any clinical symptom. This diagnosis was conformed with a positive virus detection also. 

Every bovine practitioner should be familiar with the main risk factor (lambing sheep in close contact 

with cattle) and the clinical symptoms of MCF. Demotivating dairy farmers to house sheep and cattle 

together especially during the period of lambing might prevent serious economic problems and stress 

at the farms. 
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Schmallenberg-Virus (SchBV) infection was first reported in Germany in 2011 as a new vector-borne 

disease of ruminants. Clinical symptoms include fever, diarrhea and a sudden decrease in milk yield. 

Abortions, stillbirths and malformation in newborns, especially arthrogryposis and hydranencephaly, 

may result from infection in pregnant animals. First cases of acute infection were diagnosed in 

Switzerland in July 2012. The infection has then spread throughout the country between July and 

October 2012. 

The objectives of the present study are to investigate the effects of infection with SchBV on animal 

health, fertility and milk yield in Swiss dairy farms, and to determine risk factors for abortion, stillbirth 

and malformed calves after acute infection with SchBV. Furthermore, the economic losses due to 

aborted or malformed calves, reduced milk yield and decreased fertility as well as the associated costs 

of treatment will be assessed. 

 

In a prospective cohort study, 81 farms where clinical signs of acute SchBV infection were registered in 

2012 and an equal number of matched control farms without acute clinical disease will be followed up 

over a period of one year. Farms from 10 different cantons with a median herd size of 30 cows 

participate in the project.  

A questionnaire is administered during farm visits, and the farmers are asked about housing system, 

management data and animal health. Milk yield, data on fertility and animal health before and after 

the onset of the acute clinical disease are recorded. The same data will be recorded for individually 

matched control farms. Five animals per herd are blood-sampled and tested for antibodies to SchBV.  

Within the year of follow-up, abortions, stillbirth and malformed calves undergo an autopsy and will 

be examined for SchBV, Neospora, Bovine virus diarrhea (BVD), infectious bovine rhinotracheitis (IBR), 

Coxiella and Brucella.  

 

Preliminary results indicate that a reduced milk yield (96% of farms) was noticed more often than 

diarrhea (88%) and fever (78%) in farms with acute clinical symptoms of SchBV infection. Furthermore, 

many of the affected farms experienced abortions. Two or more abortions occurred in 36% of the 81 

case farms. Twenty-three farms with clinical symptoms (28%) reported fertility problems between 

summer 2012 and winter 2012/13. 

Two of 10 calves examined at necropsy were SchBV antibody positive to date.  

 

The opportunity to identify and investigate farms where acute signs of SchBV infection were observed 

in the course of the spread of the disease through the country will allow for a reliable estimation of 

the costs associated with SchBV infection in the bovine population. 
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Vaginal examinations in dairy cows are routine on commercial dairy farms to ensure reproductive 

efficiency. Cows react with various behavioural reactions to these examinations, e.g. tripping, stepping 

sideways, kicking, leaning against the divider, escaping, arching the back, stretching the neck and 

vocalisation. Measurements of heart rate (HR) and duration of single avoidance reactions might 

substantiate behavioural observations, which are prone to bias by the individual observer. Thus, the 

objective was to study the effect of vaginal examinations on heart rate and avoidance behaviour. 

Moreover, we wanted to determine whether an arched back can be affected by epidural anaesthesia 

or analgesic treatment. 

Heart rate was recorded in 10 dairy cows considering four experimental phases, i.e. baseline (5 min), 

cleaning the perivaginal region (1 min), vaginal examination (10 sec) and post-examination (5 min). 

Each cow was examined three times and received no treatment (CON), an epidural anaesthesia (EPID; 

100 mg procaine) and an analgesic treatment (NSAID; 1,500 mg ketoprofen). Behaviour during 

cleaning and vaginal examination was scored and the expression of an arched back during and 

post-examination was measured. 

Mean HR increased during cleaning and vaginal examination and decreased post-examination in all 

treatment groups. Mean baseline HR and HR during vaginal examination did not differ between 

treatment groups. Mean HR during cleaning and post-examination differed between groups CON and 

EPID or EPID and NSAID. The expression of the arched back lasted 51.0 ± 44.4, 7.4 ± 11.8 and 28.4 ± 

19.6 sec in groups CON, EPID and NSAID, respectively. In total, 100 % of the cows arched their backs 

in groups CON or NSAID and 70 % of the cows in group EPID. Cows showed stronger avoidance 

reactions during vaginal examination compared to cleaning in groups CON and NSAID. Avoidance 

reactions did not differ between the cleaning phase and vaginal examination in cows of group EPID. 

Cows of group CON showed the strongest avoidance reactions during examination, whereas cows of 

group EPID showed least avoidance reactions. The results show that cows expressed increased 

discomfort during vaginal examination with an increase in HR and avoidance reactions. Moreover, we 

speculate that during examination cows arched their back to empty the vagina from the examiner’s 

hand independently from treatment. Perivaginal sensitivity was affected pharmacologically in cows 

receiving an epidural anaesthesia or analgesic treatment. Thus, we assume that vaginal examination 

was less discomforting and stressful in cows of group EPID and NSAID. Our data shows that a period 

of five minutes seems sufficient to abate the impact of vaginal examination on the cows’ stress level. 

Further research is warranted to examine how discomfort during vaginal examinations can be reduced 

by modifying the procedure. 

 



183 
 

Validation of a parameter for identification of cows with increased risk of 

clinical endometritis 

 
Rainer Martin

1
, Corina Stock

1
, Christina Euler

1
, Rolf Mansfeld

1
 

 
1
Clinic for Ruminants with Ambulatory and Herd Health Service, University Munich, 85764 

Oberschleissheim, Germany 

 

Clinical endometritis (CE) in puerperium represent a high risk for infertility. Previous studies showed 

the most appropriate parameter for assessing the risk of the occurrence of CE is bilirubin once 

measured in the first week pp with a cutpoint ≥ 8.20 µmol/l. The aim of the study was to prospectively 

validate this parameter. 

Concentration of bilirubin were measured at 201 cows without retained placenta from 9 farms once in 

the first week pp. Animals with serum concentrations of bilirubin ≥ 8.20 µmol/l were grouped as 

high-risk (HR), animals with concentrations <8.20 µmol/l as low-risk (LR). In the fourth week pp all 

animals were examined by vaginoscopy to see whether CE could be diagnosed. Reproductive numbers 

(time from calving to first insemination, days open) were determined. 

Overall, 60 cows (29.8%) were diagnosed CE. In group HR (n = 43) 24 animals (58%) infected, in group 

LR (n = 158) 36 cows (23%) (p <0.001). 

35 (58%) of 60 animals with CE became pregnant in the following lactation, 117 (83%) of 141 cows 

without CE (p <0.001). There were 27 pregnant animals (63%) in group HR and 125 (79%) pregnant 

animals in group LR (p <0.05). 

Time from calving to first insemination was longer for cows with CE (median 83 vs. 65 days;. P <0.05), 

as well as days open (126 vs. 83 days;. P <0.001). There was no difference between groups HR and LR. 

The results indicate that the parameter bilirubin > 8.20 µmol/l is suitable for use as an indicator for 

assessment of risk for CE. 
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Good fertility of cows plays a decisive role for the economical success in dairy farming. How-ever, low 

pregnancy rates (PR) after first AI are common; a large number of early embryonic losses is frequently 

regarded as an important cause. Most embryo losses occur very early in pregnancy during embryo 

growth and embryo-maternal recognition. Low systemic progesterone (P4) after ovulation, caused by 

a delayed or reduced rise and by an enhanced metabolism of the produced hormone, is hypothesized 

to be a major reason for low reproductive fertility, as P4 is known to influence embryo elongation and 

maternal gene expression of the endometrium. The aims of this study were to assess the effects of P4 

supplementation, delivered via a progesterone releasing device (PRID Delta®, CEVA, France) from 

days 5 to 19 p.i., on serum P4 levels as well as on PR and, secondly, to ascertain possible divergent 

effects of P4 supple¬mentation on pregnancy rate depending on endogenous P4 concentration at the 

begin¬ning of the supplementation. P4 was supplemented in 191 cows (PC) and 231 untreated cows 

served as control cows (CC). Beginning on Day 50 p.p., estrus of cows with a CL > 20 mm (n=150) on 

at least one ovary was induced by a single treatment with 25 mg prostaglandin F2α (PGF2α). The 

remaining cows showed a spontaneous estrus. Cows detected in estrus were inseminated (AI = Day 0) 

and ovulation (Day 1) was confirmed by transrectal ultrasonography. On Day 5, cows were randomly 

assigned to two groups, supplementation and control matched by age, milk yield and PGF2α 

treatment. Serum P4 was determined on Days 5, 9, 14, 19 and 21 p.i. using a radioimmunoassay. 

Retrospectively, cows were allocated into six groups, based on supplementation and serum P4 

concentrations on Day 5. Control cows (CC) were designated as low (P4 ≤1.0 ng/ml; LPC), intermediate 

(1.0 ≥ P4  ≤ 1.6 ng/ml; IPC, and high (P4≥ 1.6 ng/ml; HPC); P4-supplemented cows (PC) were also 

designated as low (LPP), intermediate (IPP) and high (HPP). Pregnancy diagnosis was performed on 

Days 30 (by US) and 42 (by manual palpation). Cows exhibiting intermediate and high endogenous P4 

values on Day 5 p.i. were about 2.2- and 2.5-times, respectively, more likely to become pregnant 

independent of progesterone supplementation (P < 0.001). Estrus induction with exogenous PGF2α 

reduced the probability of pregnancy by about 0.5 times (P < 0.05).The rise in peripheral P4 between 

Days 5 and 7 p.i. was steeper (P < 0.001) in PC than in CC. After that, the P4 curve of PC flattened while 

the curve of CC began to rise more steeply (P < 0.05). On Day 19 p.i. a difference between PC and CC 

was no longer recognizable (P > 0.05). Pregnancy rate was the same (P > 0.05) in PC (41.6%) and CC 

(37.5%). Pregnancy rates in various subgroups were: 17 out of 56 (30.4%) in LPC; 42 out of 100 (42.0%) 

in IPC; 28 out of 65 (43.1%) in HPC; and 13 out of 49 (26.5%) in LPP; 40 out of 94 (42.6%) in IPP; and 31 

out of 60 (51.7%) in HPP. The PR was higher (P < 0.05) in IPC and HPC compared to LPC. Within 

P4-supplemented groups, PR was higher (P < 0.05) in HPP than in LPP and tended (P = 0.051) to be 

higher in IPP than in LPP. Treatment did not (P > 0.05) increase PR within a blood progesterone 

subgroup, or combined for all subgroups. In conclusion, low P4 was associated with a decreased PR, 

which could not (P > 0.05) be improved by insertion of a PRID on Day 5. 
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Chromium (Cr), Nickel (Ni) and Vanadium (V) can be considered as essential minerals (EM) and are 

necessary for farm animal health, and this necessity is derived from these factors: 1) Animals are 

consistently less healthy when deprived of the element, 2) They show physiological responses to 

minute supplements of that element, and 3) They have homeostatic mechanisms for modulating 

retention of the element. However, these elements could be toxic for the animals, as they have a high 

coefficient of accumulation and are easily incorporated into the trophic chain. The environmental 

pollution can increase their level in the soil environment, transferring them easily to ruminants, 

increasing the potential risk for humans. So, at this point, it is recommended that veterinarians know 

their serum physiological levels in cattle, and moreover, if changes associated to physiological status 

are present, should aim to avoid diseases not only in bovine but also in humans. To our knowledge, 

little information about serum levels of these minerals is available, and our main objective is to provide 

serum physiological values, taking into account the different productive stages in dairy cows in Spain. 

To reach our target, we selected 57 healthy cows, divided into two groups: a) experimental group, with 

17 animals, and b) control group, with 40 animals. All the animals in the experimental group were 

sampled from 2 months before parturition to 2,5 months postpartum every fifteen days, although data 

is presented with animals subdivided into four groups: a) Late gestation (LG, from 2 to 1 months prior 

to delivery), b) Prepartum (PRE, from 1 months before partum up to delivery), C) Early lactation (EL, 

from parturition to 1 month postpartum) and d) Late Lactation (LL, from 1 to 2 month postpartum) 

meanwhile all control cows were in the middle of gestation, where they had less metabolic demands. 

Samples were obtained from the coccygeal vein, and fresh serum samples were acid digested and 

analysed by inductively coupled plasma mass spectrometry (ICP-MS). Statistical analyses were done 

using the SPSS for Windows, and significance level was declared at p< 0,05. Serum Cr didn´t show 

statistical variation across time, although minimum values appeared in PRE and LL periods, probably 

associated with an increase in metabolic demands, and maximum values appeared for the remaining 

period. Serum Ni concentrations showed the highest values and statistical differences from others in 

LG stage, and minimum values after parturition, especially in LL stage. These results could be 

explained considering the role of the nickel in protein metabolism, where requirement usually exceeds 

intake, and this element acts favouring rumen ureolytic activity, which can be contributed to protein 

homeostasis in this critical period. Serum V concentrations varied during gestation period, with the 

lowest value in LG, showing a statistical increase during lactation period, and this evolution could be 

linked with the role of this element in glucose and insulin homeostasis. In conclusion, Cr, Ni and V 

serum mean values were 2,19 ± 0,07 ppb, 1,41 ± 0,08 ppb and 14,75 ±0,54 ppb, respectively, and only 

serum Ni and V were modified according to stage period, showing highest values in gestation for 

serum Ni and in lactation period for V. 

 



186 
 

The effect of beta-glucan supplementation on milk production, SCC and 

metabolic profile in dairy cows with increased mycotoxin intake 

 
Josef Illek

1
, Michal Hulík

1
, Martin Vlcek

1
, Václav Kudrna

1
, Josef Krejcí

1
 

 
1
Large Animal Clinical Laboratory, University of Veterinary and Pharmaceutical Sciences Brno 

 

Objective: The objective of the study was to investigate the effect of beta-glucan on milk production, 

milk somatic cell count, concentration of fat and proteins in milk and selected variables of metabolic 

profile in dairy cows with increased intake of mycotoxins. 

 

Methodology: The study was carried out in a herd of Holstein dairy cows with average milk 

production of 8,650 kg during a standard lactation. Forty dairy cows, divided into two identical groups, 

were randomly selected. They were housed in loose boxes. The ration was the same for both groups 

and contained maize silage, clover-grass haylage, grass hay and a concentrated feed mixture. The 

quality of maize silage was mediocre; it contained increased amounts of mycotoxins such as 

Zearalenon, T2 toxin and DON. Mycotoxin concentrations in the mixed feed ration were as follows: 

Zearalenon 328 μg/kg, T2 toxin 146 μg/kg, and DON 252 μg/kg. Mycotoxins in TMR were detected 

using the ELISA method.  

Dairy cows of the experimental (A) group received the same ration as the control (B) group, however,  

supplemented with 20g of beta-glucan in the form of an additive Mycosorb (Alltech Inc. USA) per 

head per day. Individual cows of both groups were monitored for milk production, milk somatic cell 

counts (SCC) and concentrations of fat and protein. Monitoring was performed at monthly intervals. 

Metabolic profile of blood and rumen fluid was determined in twelve cows of each group at the same 

intervals.  Milk was analyzed by the instrument Fossomatic, and blood analyses were carried out 

using an automated analyzer HITACHI. Volatile fatty acids in the rumen fluid were determined using 

isotachophoresis. 

 

Results: At the beginning of monitoring high count of somatic cells in milk in group A (385 950) and 

in group B (392 150) was recorded. Daily milk production was 37.5 kg in group A and 37.7 kg in group 

B. Metabolic profile was characterized by increased activity of AST and lower concentration of E 

vitamin and beta-carotene. Lower numbers of infusoria and lower concentration of VFA were found in 

rumen fluid. However, intergroup differences were not statistically significant. In the course of 

monitoring cows of the control group (B) continued to show increased count of somatic cells, i.e. 

pathologic value of the metabolic profile. In contrast in group A with beta-glucan supplementation (20 

g per head and day) a gradual decrease of somatic cell count in milk as well as increased 

concentration of milk fat was found. Metabolic profile was enhanced. The concentration of VFA in 

rumen fluid increased from 92,7 mmol/l to 114,2 mmol/l, AST value decreased from 1,78 μkat/l to 1,44 

μkat/l and the value of E vitamin and beta-carotene increased, too. In addition in the experimental 

group higher fertility rate was recorded. 

 

Conclusion: The obtained results show that beta-glucan supplementation to dairy cows during the 

first phase of lactation, with daily performance of 36 to 45 kg of milk, had a positive effect on milk 

production, health state of the mammary gland and metabolic profile of dairy cows. Significant 

decrease of milk somatic cell count and increased milk fat concentration was recorded in the 

experimental group (A). In rumen fluid, increased concentration of volatile fatty acids and the number 

of infusoria were found at the end of the experiment. Significantly lower concentration of AST and 

higher concentrations of E vitamin and beta-carotene were found in blood serum. 
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Milk yield rapidly increases after parturition to a peak approximately in week 6 of lactation in dairy 

cows. The description of the shapes in lactation curves is regularly based only on weekly average milk 

yields. Because milk is not sold during the colostral period, milk yield during the first few days after 

parturition is mostly not recorded. Besides increasing milk production, the period of the very 

beginning of lactation is crucial for the development of metabolic diseases. For a detailed evaluation 

of the development in milk production, especially during the colostrum period, the first 10 milkings 

after parturition and the daily milk yields from day 1 to 28 of lactation were analyzed in 17 

primiparous and 39 multiparous dairy cows that were milked twice daily. 

 

First colostrum yield after parturition ranged from 1.3 to 20.7 kg (Δ 19.4 kg) in cows and from 1.8 to 

10.9 kg in heifers (Δ 9.1 kg). At the tenth milking, production ranged from 9.2 to 21.5 kg in cows (Δ 

12.3 kg), and from 7.0 to 15.2 kg in heifers (Δ 8.2 kg), respectively. The correlation between the 

amount of first colostrum and daily milk production in cows decreased from r = 0.47 on day 5 to r = 

0.32 on day 14 (P < 0.05), i.e. the effect of colostrum yield on milk production decreased with 

proceeding lactation. On day 28, all multiparous cows had a comparable production level independent 

of their first colostrum yield. In heifers, however, the variation of the daily milk production was 

maintained until day 28 of lactation. 

Directly after parturition, daily milk production increased exponentially, but after approximately one 

week in lactation, the slope of the daily milk production curve flattened and continued more linear. A 

non-linear regression equation was used to determine the time point when the lactation curve passed 

into a linear slope. This turn occurred earlier in heifers (day 6.9 ± 0.3) than in multiparous cows (day 

8.2 ± 0.2, P < 0.01). 

 

In conclusion, a lower milk production during the first days of lactation was not necessarily related to 

the later lactational performance in multiparous cows. Considering a simultaneously lower metabolic 

load in cows giving less milk in the very beginning of lactation, this attribute might gain importance as 

a breeding objective. 
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Metabolic adaptations, nutritional state, and stress around parturition are examples of generalized 

events that can have a dramatic impact on the immune system. Physiological processes taking place in 

this critical period and altered metabolism are significant contributing factors which may initiate 

systemic inflammatory reactions. Therefore, the objective of this study was to evaluate the 

concentrations of major bovine acute phase proteins and selected variables related to energetic 

metabolism in transition dairy cows, as well as the correlation between the activated acute phase 

response and altered energetic metabolsim. Into the evaluation we included 215 clinically healthy 

dairy cows of a Slovak spotted breed. The cows were in the period of 1 – 2 weeks after calving, and 

showed no health disorders during the observation. Blood for the investigations was taken by direct 

puncture of v. jugularis. Blood serum was analyzed for haptoglobin (Hp, mg/ml), serum amyloid A 

(SAA, μg/ml), and selected variables of energetic profile – glucose (mmol/l), total cholesterol (mmol/l), 

total lipids (g/l), triglycerides (mmol/l), non-esterified fatty acids (NEFA, mmol/l), and 

β-hydroxybutyrate (BHB, mmol/l). Hp was assessed using a commercial colorimetric kit (Tridelta 

Development, Ireland) based on Hp-haemoglobin binding and preservation of the peroxidase activity 

of the bound haemoglobin at low pH. SAA was analyzed by method of sandwich enzyme linked 

immunosorbent assay using commercial ELISA kit (Tridelta Development, Ireland). The concentrations 

of glucose, total cholesterol, triglycerides, and BHB were determined using commercial diagnostic kits 

(Randox, United Kingdom) on automatic biochemical analyser ALIZE (Lisabio, France). The 

concentrations of total lipids and NEFA were assessed by spectrophotometric method. The 

significance of differences in values between the groups of cows was evaluated by Mann-Whitney test. 

Relationships between the evaluated variables were calculated by linear regression and Spearman 

correlations coefficient. In cows with serum NEFA concentrations above 0.35 mmol/l (n = 98) we found 

significantly higher mean concentrations of Hp and SAA than in cows with NEFA concentrations below 

0.35 mmol/l (n = 117) (P < 0.001 and P < 0.001, respectively). Trend of significantly higher values in 

cows with higher NEFA concentrations was found also in serum concentrations of BHB (P < 0.001). An 

opposite trend was observed in the concentrations of glucose with its significantly lower values in 

cows with higher NEFA concentrations (P < 0.01). The analyses of the concentrations of total 

cholesterol, total lipids, and triglycerides showed no significant differences between two groups of 

cows. The concentrations of both measured acute phase proteins, Hp and SAA significantly positively 

correlated with the values of NEFA (R = 0.716, P < 0.001; R = 0.710, P < 0.001, respectively), as well as 

BHB (R = 0.291, P < 0.001; R = 0.300, P < 0.001, respectively). Presented results suggest close 

relationships between some variables of energetic metabolism and acute phase proteins in cows after 

calving, that may help to understand the relationships between metabolic changes and immunre 

reactions occuring in this period. Understanding how all these factors interact with the immune system 

will help in developing disease control and management strategies that will aid in maintaining good 

health in dairy cattle, resulting in greater production. 
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Elevation of ketone bodies occurs frequently after parturition during negative energy balance in high 

yielding dairy cows. Previous studies illustrated that hyperketonemia interferes with metabolism and it 

is assumed that it impairs the immune response. However, a causative effect of ketone bodies could 

not be shown in vivo before, because spontaneous hyperketonemia comes along with high NEFA and 

low glucose concentrations. The objective was to study effects of beta-hydroxybutyrate (BHBA) 

infusion and an additional intramammary lipopolysaccharide (LPS) challenge on metabolism and 

immune response in dairy cows. Thirteen dairy cows received intravenously either a 

Na-DL-β-OH-butyrate infusion (HyperB, n=5) to induce hyperketonemia (1.7 mmol/L), or an infusion 

with a 0.9 % saline solution (Control, n=8) for 56 h. Infusions started at 0900 on day 1 and continue up 

to 1700 two days later. Two udder quarters were challenged with 200 μg Escherichia coli-LPS 48 h 

after the start of infusion. Blood samples were taken one week and 2 h before the start of infusions as 

reference samples and hourly during the infusion. Liver and mammary gland biopsies were taken one 

week before the start of the infusion, 48 h after the start of the infusion, and mammary tissues was 

additionally taken 8 h after LPS challenge (56 h after the start of infusions). Rectal temperature (RT) 

and somatic cell count (SCC) was measured before and 48 h after the start of infusions and hourly 

during LPS challenge. Blood samples were analyzed for plasma glucose, BHBA, NEFA, triglyceride, 

urea, insulin, glucagon, and cortisol concentration. The mRNA abundance of factors important in 

metabolism and immunity was measured in liver and mammary tissue. Differences between blood 

variables, RT, SCC, and mRNA abundance before and 48 after the start of infusions, and differences 

between mRNA abundance before and after LPS challenges were evaluated by GLM of SAS procedure 

with treatment as fixed effect. Area under the curve was calculated for blood variables during 48 h 

BHBA infusion and during the LPS challenge, and it was additionally calculated for RT and SCC during 

the LPS challenge. Plasma glucose and glucagon concentration decreased during the 48 h of BHBA 

infusion (P<0.05). During the 48 h of BHBA infusion, serum amyloid A mRNA abundance in mammary 

gland was increased (P<0.01), and haptoglobin (Hp) mRNA abundance tended to increase in HyperB 

compared to control group (P= 0.07). RT, SCC, and candidate genes related to immune response in 

the liver were not affected by BHBA infusion. LPS challenge increased plasma glucose and glucagon 

concentration, RT, and SCC in both groups but plasma glucose and glucagon concentration, and SCC 

increase were less pronounced in HyperB (P<0.05). During the LPS challenge plasma BHBA 

concentration decreased in both groups (P<0.05) and lead to increased BHBA infusion rate (P<0.001) 

to maintain hyperketonemia. In addition,  BHBA infused animals showed a more pronounced 

increase of mRNA abundance of IL-8, IL-10, and citrate synthase in LPS quarters (P<0.05) than control 

animals. Results demonstrate that infusion of BHBA affects metabolism through decreased plasma 

glucose concentration which is likely related to decreased plasma glucagon concentration. It also 

affects systemic immune response and mammary immune response which may reflect the increased 

susceptibility for mastitis during spontaneous hyperketonemia. 
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Insulin-like growth factor (IGF-I) is produced in the liver under the control of pituitary released growth 

hormone (GH). Both IGF-I and GH are known as important hormones for metabolic adaption in dairy 

cows during the transition from late pregnancy to early lactation. In late pregnancy dairy cows show 

enhanced lipolysis and a catabolic metabolism. The concentrations of non esterified fatty acids (NEFA) 

in plasma are already proposed as a diagnostic marker for enhanced lipolysis, negative energy balance 

and subsequent metabolic disturbances in early laction. The aim of the present study was to 

determine the IGF-I and NEFA concentration in plasma of healthy dairy cows ante partum to test 

whether one or both parameters are suitable as early predictive markers to detect cows with 

inadequate metabolic adaption in late pregnancy and enhanced risk for post partal ketosis. This study 

was conducted on a large scale commercial dairy farm in Germany (~1300 Holstein Frisian cows). 

Pluriparous cows were examined for the presence of a production disease (metritis, endometritis, 

mastitis, lameness, displacement of the abomasum, ketosis, retained placenta and hypocalcemia) and 

blood samples were collected in 379 pregnant cows 262 to 270 days after artificial insemination. The 

blood samples were analysed for IGF-I concentrations by using a commercial available IGF-I ELISA 

(Beckman Coulter, USA) with previous acid-ethanol extraction to release IGF-I free from binding 

proteins. The NEFA concentrations were measured with an automated clinical chemistry analyzer (ABX 

Pentra 400, Horiba, Montpellier, France) using colorimetric enzymatic reaction. In total 189 cows 

(49.9%) got any of the investigated diseases post partum whereas 190 cows stayed healthy during the 

transition period. Out of the 189 diseased animals 30 cows developed a clinical ketosis. Neither NEFA 

nor IGF-I concentrations differed between healthy (NEFA: 142.0 ± 8.4 µmol/L; IGF-I: 91.5 ± 1.9 ng/ml; 

mean ± SEM) and diseased cows (NEFA: 159.0 ± 10.1 µmol/L; 85.7 ± 2.2 ng/ml; P > 0.05). However, 

cows with a post partal ketosis after parturition showed lower (67.9 ± 4.9 ng/ml; P = <0.001) IGF-I 

concentrations ante partum compared to post partal healthy cows. The NEFA concentrations between 

healthy cows and cows developing a clinical ketosis (204.5 ± 52.9 µmol/L) did not differed not 

statistically significant. The ODDs Ratio for IGF-I as ante partal predictive parameter for post partal 

ketosis was 0.97. The calculated IGF-I threshold to discriminating cows with and without ketosis 

postpartum was 61.7 ng/ml. The sensitivity of this diagnostic testing was 0.9 and whereas the 

specificity was low (0.4). In summary, neither IGF-I nor NEFA values served in the present study to 

differentiate already in the dry period between post partal diseased and healthy cows. But ante 

partum measured IGF-I concentrations are indicative for ketosis in dairy cows and represent a suitable 

sensitive but not very specific screening test to predict ketosis already in healthy dried off dairy cows. 
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Introduction 

Subacute ruminal acidosis (SARA) has been considered as a major metabolic disease in high producing 

dairy herds for years.  For instance, out of 737 cows from Wisconsin farms, 20% exhibited ruminal pH 

values lower than 5.5, allowing diagnosis of SARA, while 23% of animals were considered at risk with 

ruminal pH values between 5.5 and 5.8.  These findings were corroborated by further studies in 

Europe.  However, different feeding practices and herd’s production levels are found in Wallonia, 

requiring evaluation of SARA prevalence in local herds. 

 

Material and Methods  

174 cows (164 Holstein and 10 Brown Swiss) out of 24 walloon herds were sampled from 2011 to 2012 

for evaluation of their ruminal function.  Selection of minimum 5 cows per herd was made on basis of 

days in milk (<150 DIM), or low milk fat % (F <3.2%), or fat/protein % (F/P≤1), or at farmer’s request 

(animal debilitated or chronically ill).  Ruminal fluid was sampled 4-8 h after feeding using a 

Geishauser oro-pharyngeal probe, preventing saliva contamination.  pH was measured by a portable 

pHmeter and values were reduced by 0.35 as proposed by Duffield (2004) because of the higher pH 

values in reticulum sampling site compared with rumenocentesis.  Redox potential was determined 

by Methylene Blue Reduction Time (MBRT) and protozoa assessed by microscopy.  Production values 

were obtained by the National Dairy Herds Improvement.  Health scores were determined as 

described by Zaaier et al. (2001). 

  

Results 

Mean production values ± SD of these animals (DIM: 106 ± 84) were 33.2 ± 8.9 kg milk, F = 3.47 ± 

0.72%, P = 3.25 ± 0.25%, F/P = 1.07 ± 0.23.  Mean BCS was 2.6 ± 0.6. 

Mean pH value ± SD was 6.50 ± 0.42.  10 animals (5.7%) from 6 herds were below 5.8, of which 4 

cows from H8 (23 sampled cows).  No result was < 5.5. 

MBRT was 4.16 ± 3.13 min.  In 5 cows, value < 1min indicated a more amylolytic bacterial flora.  In 

24 samples, no reduction of MB occurred, demonstrating bacterial inactivity.   

Disappearance of large protozoa was observed in 6 samples, of which 5 abnormal specimens came 

from H8.   

No correlation between low pH values and F/P or %F could be found.   

 

Conclusion 

In no herd, prevalence was >25%, required for SARA diagnosis.  Regarding these results, prevalence 

of SARA appears very low in Wallonia while on the opposite, ruminal flora inactivity seems far more 

common. 
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Termination of gestation, lactogenesis and colostrum formation in the mammary gland are regulated 

via endocrine signals. During the last days of pregnancy, changes of progesterone (P4) and prolactin 

(PRL) are essential processes that mediate the initiation of both, parturition and the onset of lactation 

including colostrum formation. One week before expected parturition, multiparous cows (n=23) were 

randomly assigned to two groups: a control group (PP, n=11) milked for the first time 4 h post-calving, 

and a treatment (AP, n=12) group that was already milked approximately 1 day before calving and 

again at 4 h after parturition. Colostrum yield before and after parturition was recorded and 

proportional samples were analyzed for total IgG by ELISA, while fat, protein and lactose were 

determined by Foss Milkoscan (previously validated for use with colostrum). Blood samples for the 

analyses of P4 and PRL were obtained at 8 h intervals for 4 d pre-partum until calving, and the last 

sample was taken at 4 h after parturition. 

 

Total IgG mass increased with increasing time span between the P4 drop and first milking (P < 0.05). 

Total IgG mass and milk yield tended to increase with decreasing time span between PRL peak and 

first milking (P < 0.1), and also with increasing time between parturition and first milking (P < 0.1). 

Protein concentration in colostrum decreased with increasing interval between drop of P4 and PRL 

peak (P < 0.05).  

Milk yield, fat, protein and lactose concentration did not differ between PP and AP at the first milking. 

However, total IgG mass was higher in AP than in PP (P < 0.05) which is obviously due to the low milk 

yield in AP. In AP cows, milk protein decreased between pre- and post-partum milking, while lactose 

concentration increased (P < 0.05). In colostrum obtained at 4 h post partum, milk fat was increased in 

AP compared to PP, while protein, total IgG concentration and mass were decreased (P < 0.05). Milk 

yield and lactose were not different between AP and PP at 4 h post-partum. 

 

These data suggest that synthesis and secretion of constituents into first colostrum do not only 

depend on changes in PRL and P4. 
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Introduction and Objective: The milk fever is one of the most important metabolic disorders in dairy 

cows in early lactation and caused significant direct and indirect losses. We tested at 182 cows 

whether meteorological factors affecting the milk fever. 

 

Results: At fair weather, the percentage of paresis is 22.7%, in changing weather at 24.7% and in low 

pressure weather 52.7% (p <0.05). The direct losses of animals are at low pressure weather (5.9%) over 

fair weather (5.2%) and changing weather significantly higher. At chang-ing and low pressure weather 

the Ca and Pi concentrations decrease in MF cows stronger (p<0.05). The concentrations of urea, 

glucose (p<0.05), and FFS and the CK activities (p<0.05) are rising faster than in cows during low 

pressure weather. Characterize the metabolic changes are more substantive and thus complicate the 

clinical picture caused by stress effects and circulatory loading. The liver indicators GGT, GLDH, 

bilirubin and haptoglobin don’t change in any weather conditions in MF cows. The inverse relationship 

between energy and calcium metabolism can be explained by leptin mediated central nervous 

influences on the osteocalcin in bone. 

 

Conclusions: The results suggest that neurotropic weather conditions complicate the MF. In bad 

weather optimal stable climate and conscientious prophylaxis (Ca salts, Vitamin D3) are particularly 

important. The success of treatment can be further improved by glucocorticoids. 

 


