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I. INTRODUCTION     1 

I.           INTRODUCTION  

Udder health is of utmost importance for animal welfare, milk quality and economic 

success of dairy farms. Udder diseases and their associated risk factors must be 

addressed with appropriate preventive measures. In order to establish these, as well 

as to identify knowledge gaps and future research projects, awareness of the current 

prevalence of these diseases is crucial. Prevalence studies provide a data base about 

the current situation and information on associations with potential risk or sparring 

factors. 

 

In Germany, few studies on the prevalence of mastitis pathogens exist. Often, these 

are data from diagnostic laboratories, which give a good overview of the 

distribution of laboratory submissions, but not of the overall situation. In most 

cases, samples are a mixture of individual submissions (mostly diseased animals) 

and herd examinations (often problem herds). 

In addition, at the time of the investigation no studies on udder diseases other than 

mastitis in Germany were available ï with the exception of two studies on udder 

thigh dermatitis (Sigmund et al., 1980; Sickinger et al., 2022). 

 

Therefore, the aim of the present work was to determine the prevalence of the udder 

diseases: teat warts, udder edema (UE), udder thigh dermatitis (UTD), and udder 

cleft dermatitis (UCD). Analyses were performed for each of these diseases to 

determine potential risk factors at both herd- and cow-level (Publication I). 

Furthermore, the prevalence of mastitis, more precisely the mastitis pathogens, was 

assessed and associations of management practices with the presence at herd-level 

for the four most common pathogens, namely coagulase-negative staphylococci 

(CNS), Staphylococcus aureus, Streptococcus dysgalactiae, and Streptococcus 

uberis were identified (Publication II). 
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II.    L ITERATURE REVIEW  

1. Definition  of udder health 

Udder health is defined as ñthe condition of the bovine mammary gland which, on 

the basis of clinical examination, including secretion characteristics, as well as 

bacteriological, cytological and physico-chemical findings, corresponds to the 

physiological standard valuesò (Wiesner and Ribbeck, 1991). 

The assessment of udder health can be done at the individual animal and herd-level. 

At the level of the individual cow, visible pathological changes of the secretion and 

udder tissue, as they occur in clinical mastitis (CM), can be detected by clinical 

examination. Nonvisible pathological changes of the cowsô udder or in the milk, 

such as elevated somatic cell counts (SCC) in the context of a subclinical mastitis 

(SUBM), require further diagnostic measures. Somatic cells in milk are 

predominantly composed of leucocytes (macrophages, lymphocytes, and 

polymorphonuclear neutrophilic leucocytes) and approximately 1-2% epithelial 

cells (Schultz, 1977; Burvenich et al., 2009). Mostly in the case of inflammation 

(SUBM or CM) or local trauma, but also due to other influences such as lactation 

stage or lactation number, the cell count can increase considerably (Winter, 2009). 

Thus, the determination of the SCC in the milk can be used to indicate an 

intramammary infection (IMI) . The physiological threshold for the SCC for milk in 

a quarter in a cow is usually under 100,000 cells/mL according to the National 

Mastitis Council (NMC, 2001). In Germany, this limit is also considered standard 

as defined by the German Veterinary Medical Society (Deutsche 

Veterinärmedizinische Gesellschaft, DVG, 2012). Thresholds at which an IMI can 

be expected are 200,000 cells/mL for quarter milk samples (Dohoo and Leslie, 

1991; NMC, 2001; Petzer et al., 2017) and 150,000 cells/mL for composite milk 

samples (Petzer et al., 2017).  

There are associations for controlling the performance and milk quality as well as 

the health status of individual cows and herds. In the USA, this is done by the Dairy 

Herd Improvement Association (DHIA), the German equivalent is the 

Landeskontrollverband (LKV) of the respective federal states. When (voluntarily) 

joining, farmers participate in monthly milk test sampling. On one hand, farmers 

receive data on milk yield, fat and protein concentrations in milk, fat-protein ratio, 

SCC, urea concentration, and more on the individual cowôs milk. On the other hand, 
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the LKV provides an evaluation of the entire herd: average performance, an average 

cell count, and more.  

Generally, on a herd-level, the bulk tank somatic cell count (BTSCC) is an essential 

tool to assess the udder health status. A BTSCC of 200,000 cells/mL indicates that 

up to 15% of cows have an infection in one or more quarters, an increase of every 

100,000 cells/mL implies that the infection rate raises by 8 to 10% (Eberhart et al., 

1982). It is important to note here, that since farmers do not add the milk of cows 

known to have mastitis to the bulk tank, the BTSCC represents a biased value and 

therefore does not fully reflect herd status.  

In addition to the BTSCC, the bulk tank bacterial count (BTBC) can be determined. 

The latter, however, not only displays the pathogens that enter the tank due to udder 

infections, but also contamination due to dirty teats or udders, hygiene problems in 

the milking equipment or inadequate cooling of the tank milk. Pathogen 

differentiation can be performed to identify the cause (O'Connell et al., 2016). 

The determination of the two values (BTSCC and BTBC) primarily provide 

conclusions about the presence of mastitis in the herd. To detect herd problems of 

other udder diseases (e.g., udder skin diseases), the cows must be examined 

individually in the barn.  

2. Importance of udder health 

Udder health is an important aspect of dairy farming in terms of economics, for 

food safety and for animal welfare. The importance will be explained in the 

following sections in more detail. 

2.1. Economy 

Udder health plays a major financial role in the dairy industry. Mastitis, the 

inflammation of the mammary gland, is the most expensive disease for the dairy 

industry. A study from The Netherlands estimated annual mastitis costs at an 

average of 240ú per cow, including preventive and failure costs (van Soest et al., 

2016). The costs are very complex and often underestimated by farmers (Huijps et 

al., 2008). In addition to the losses due to the drop in milk yield caused by the 

disease, there are also veterinary, laboratory and medication costs, waiting times, 

an additional workload, and in the worst case, the cow has to be involuntarily culled 

and replaced. The costs arising from the infection of healthy cows by the ones 

suffering from CM should not be underestimated (Down et al., 2013), this will also 
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apply to SUBM. Furthermore, there are the costs for preventive measures such as 

vaccinations or, for example, dipping products or paper towels for pre-cleaning of 

the udder.  

If the BTSCC and the BTBC are generally too high, deductions are also made when 

the milk is delivered. In Germany, according to the Milk Quality Ordinance, the 

BTSCC must be below 400,000 cells/mL (Rohmilchgüteverordnung, 

RohmilchGütV). In addition, according to Regulation (EC) No 853/2004 (European 

Commission, 2004), milk may only be obtained from cows without wounds on the 

udder that may affect the milk, and milk from cows with clinical udder diseases 

may only be admitted for consumption in agreement with a veterinarian.  

Although there are no studies on udder diseases other than mastitis in terms of cost, 

for example veterinary costs, they may also be incurred for diseases such as UCD 

or UTD. For example, UCD has been associated with the incidence of mastitis 

(Persson Waller et al., 2014), with the aforementioned costs. In addition, if the ulcer 

perforates the mammary vein, the cow may bleed to death (Bouma et al., 2016). 

2.2. Food safety, food quality  and consumer protection  

Poor udder health will not only affect costumer safety, but also food quality, 

processing and shelf life of milk and dairy products as well.  

As an example, heat-treated milk from milk with high SCC has a shorter average 

shelf life than milk produced from milk with low SCC (Ma et al., 2000). The 

increased level of free fatty acids and casein hydrolysis causes pasteurized milk 

with high cell counts to show (primarily taste) quality impairments after a short 

time (14 to 21 days). Moreover, milk with high SCC also has negative effects in 

cheese production. In addition to a generally lower cheese yield (Barbano et al., 

1990), the curd contains more moisture and is less firm (Ali et al., 1980) as well as 

there are increased fat content and casein losses in the whey (Politis and Ng-Kwai-

Hang, 1988). 

In raw milk and raw milk products, besides harmless bacteria, foodborne pathogens 

can be present (e.g., Listeria spp., Campylobacter spp.). However, apart from 

affecting the processing and shelf life of milk (products), the most important factor 

is food safety for the consumer. 

 In addition to pathogens that enter milk due to contamination during the 

processing, mastitis pathogens in raw milk can also be harmful to the consumer. 

Under certain conditions, such as inadequate refrigeration, Staphylococcus (S.) 
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aureus can form enterotoxins that can cause foodborne diseases (McMillan et al., 

2016; Artursson et al., 2018). For example, there was a staphylococcal enterotoxin 

food poisoning outbreak in Switzerland in 2014 that occurred after consumption of 

raw milk cheese containing S. aureus strains, which were exclusively associated 

with a high within-herd prevalence of S. aureus mastitis (Johler et al., 2015). 

Another risk factor in milk are antibiotic residues that can be found in raw milk due 

to mastitis treatment and subsequent lack of or inadequate milk discard. This might 

lead to allergies in the consumer (Ormerod et al., 1986). In addition, widespread 

antibiotic use may lead to an increased antimicrobial resistance. Bacteria with 

transmissible antimicrobial resistance genes can be ingested via raw milk 

consumption (Liu et al., 2020). To mitigate the risk, any milk, that enters the market 

is screened for antibiotic residues and will  be immediately discarded, if found 

positive. However, in the case of direct sales of raw milk on farms, these aspects 

have to be kept in mind as that milk is not tested. 

To counteract these health hazards, there are a variety of preventive measures, from 

the stable to the finished product. By law, the bacterial count of tank milk must not 

exceed 100,000 cfu/mL and the cell count must not exceed 400,000 cells/mL, and 

no traceable antimicrobial inhibitors must be present (RohmilchGütV). Otherwise, 

if the threshold values are exceeded, deductions will be made, and milk deliveries 

may be refused (RohmilchGütV). 

In the processing of milk and milk products, the milk is usually thermally treated 

(e.g., pasteurization, ultra-high temperature), which can ensure a largely safe 

product for the consumer (Lucey, 2015). In general, the risk of infection with a 

zoonotic pathogen from processed milk in the age of pasteurization is considered 

low (Bradley, 2002). However, so-called certified raw milk (in German: 

Vorzugsmilch), i.e., packaged and merely filtered raw milk, can also be freely 

purchased and on-farm purchases of raw milk are also possible in Germany. When 

selling raw milk on-farm, the farm must comply with the standard legal hygiene 

requirements for dairy farms and always display a "boil before consumption" sign. 

In the case of certified raw milk, clear legal requirements apply (Tier-LMHV) . 

Despite the aforementioned precautions, minimizing risk by reducing udder 

diseases is paramount. Udder diseases can have an impact on food safety and 

hygiene in several ways.  

Mastitis pathogens, resistant pathogens, or antimicrobial inhibitors can enter the 

food chain through milk from infected (and treated) cows. Open wounds as in udder 
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cleft dermatitis and udder thigh dermatitis can result in contamination of the 

milking equipment and consequently the milk itself with blood or pus or both. 

Hence, ensuring safe food and milk quality starts in the barn. Here, the animals 

require observation; among other things, they must not have any infectious diseases 

that can be transmitted to humans via milk, must generally be in good general 

health, and must not have any udder wounds that could lead to contamination of the 

milk (Regulation (EC) No 853/2004, European Commission, 2004).  

In addition, there are detailed regulations to minimize the risk of contamination 

from milking equipment, storage facilities, etc. (Regulation (EC) No 853/2004, 

European Commission, 2004). 

2.3. Animal welfare 

"An animal is in a good state of welfare if (é) it is healthy, comfortable, well 

nourished, safe, able to express innate behaviour, and if it is not suffering from 

unpleasant states such as pain, fear and distress" (World Organisation for Animal 

Health, OIE, 2013). Animal welfare is defined by the five freedoms. These include 

ñthe freedom from hunger and thirst, (é) from discomfort, (é) from pain, (é) 

injury and disease, (é) to express normal behaviour [and] (é) from fear and 

distressò (Farm, Animal Welfare Council, FAWC, 2009). Udder diseases, 

especially mastitis, have a negative impact on animal welfare. Fitzpatrick et al. 

(1998) found increased pain sensitivity in cows with mastitis, in both severe and 

moderate cases. Changes in normal behaviour may indicate pain and thus reduced 

welfare (Weary et al., 2006). Mastitis leads to such changes, but also to 

physiological abnormalities. Animals, suffering from CM, may have higher body 

temperature, heart as well as respiratory rates compared to healthy animals. 

In terms of behaviour, cows experimentally infected with Escherichia (E.) coli have 

been found to have a reduced feeding time despite slower eating (Siivonen et al., 

2011; Fogsgaard et al., 2012). Cows with mastitis lie less on the diseased side, have 

reduced lying times, walk more (Siivonen et al., 2011), and stand with the hocks 

further apart (Kemp et al., 2008). It should be noted that the increased activity 

deviates from classical disease findings of decreased activity in otherwise diseased 

animals (Dantzer, 2001). This is probably because the cows want to avoid the pain 

caused by pressure on the udder when lying down (Siivonen et al., 2011). There is 

also a decrease in rumination time and self-grooming, both of which are typical for 

good welfare (Fogsgaard et al., 2012). Even if there is no specific data on this, it 
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can be assumed that other udder diseases such as UTD or UCD are also painful and 

will lead to a reduced well-being.  

3. Mastitis 

Mastitis is "an almost exclusively infectious inflammation of the mammary gland" 

(Wiesner and Ribbeck, 2000). Because of its consequences for individual animal 

welfare, its financial costs to dairy farms, as well as its potential impact on food and 

consumer safety, mastitis is considered the most important udder disease 

worldwide. Due to its importanc, a 5-point mastitis control plan was developed back 

in the 1960s (Neave et al., 1969; Dodd et al., 1969), which has been widely used, 

especially in Western countries. By following the five main points (post-milking 

teat disinfection, clinical mastitis treatment, dry cow treatment, culling of chronic 

cases, milking machine maintenance), a significant reduction of cow-associated 

pathogens could be achieved, with a simultaneous relative increase of 

environmentally associated pathogens. Due to the increase in environmental 

pathogens and the ongoing development in the dairy farming, the approaches to 

mastitis control in the modern dairy industry had to be expanded. Thus, the 5-point 

plan was modified and extended to a 10-point plan by the NMC, named ñThe 

recommended mastitis control planò (current version: NMC, 2020). This includes 

establishing udder health goals, providing a clean and dry environment, good record 

keeping (e.g., of mastitis cases), and regular surveillance of udder health status. 

3.1. Classification of mastitis 

Mastitis can be classified in multiple ways. One option is the classification 

according to bacteriological-cytological aspects (normal secretion, latent infection, 

non-specific mastitis; DVG, 2012). Other possibilities are the classification based 

on the course of the infection (acute, chronic), the morphology (apostematic, toxic, 

...) or based on the etiology (e.g., coli mastitis).  

Frequently used by practitioners is the classification based on clinical manifestation 

or symptoms. This classification was also chosen in many studies (Hiitiö et al., 

2017; Detilleux, 2018) and also in our study. Basically, two forms can be 

differentiated: clinical mastitis and subclinical mastitis. 

Clinical mastitis is defined by at least visual changes in the milk (International 

Dairy Federation, IDF, 2011). This includes flakes, blood, pus, or up to such strong 

secretion changes that such is no longer recognizable as milk. The SCC usually 



II. LITERATURE REVIEW    8 

exceeds 200,000 cells/mL (NMC, 2001). In addition, there may be clinical findings 

in the udder (induration, redness, pain) or in the animal (disturbed general 

condition, fever, inappetence, recumbency).  

Unlike CM, SUBM cannot be diagnosed by sensory examinations alone and 

requires diagnostic tools (such as the California mastitis test (CMT); IDF, 2011.) 

Subclinical mastitis is characterized by an increase in SCC (Ó 100,000 cells/mL; 

DVG, 2012), often accompanied by a decrease in milk production (Halasa et al., 

2009) or identification of udder pathogens, or all three. 

4. Mastitis pathogens 

In addition to bacterial mastitis, mycoses (e.g., yeasts, especially Candida spp,; 

Wawron et al., 2010) or algae (Prothoteca spp.; Jagielski et al., 2019) can also cause 

mastitis. Whether viruses directly or indirectly are associated with mastitis has been 

debated, e.g., through their immunosuppressive effect (Wellenberg et al., 2002). 

Bacterial mastitis pathogens can be subdivided based on their pathogenicity. 

Pathogens with higher pathogenicity are classified as major pathogens. However, 

pathogens that are considered to play a minor role are classified as minor pathogens 

(Godden et al., 2003). A selection of mastitis pathogens will be briefly summarized 

below. 

4.1. Major pathogens 

Major pathogens typically lead to higher cellular response in the udder, milk yield 

decreases or clinical courses, or all three (Griffin et al., 1977). Among major 

pathogens, cow-associated pathogens are again differentiated from environment-

associated pathogens, although the definite initial assignment for one or the other 

pathogen is not as clear-cut as long assumed (Bradley, 2002). The assignment 

should no longer be made at the species level but at the strain level (Zadoks et al., 

2011). Strain heterogeneity within a herd is considered evidence of environmental 

mastitis. In contrast, strain homogeneity is not considered definitive evidence for 

cow-associated pathogens, as it does not have to be clearly a contagious infection 

but can also be due to a point infection in the environment (Klaas and Zadoks, 

2017).  

In the following, the description of the individual pathogens will also include the 

assignment in more detail. 
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4.1.1. Cow-associated major pathogens 

Transmission of cow-associated pathogens occurs from cow to cow. Poor milking 

hygiene, especially transmission via milkers' hands and milking equipment, poses 

a major risk (Fox and Gay, 1993).  

The pathogens considered to be classical contagious are S. aureus and 

Streptococcus (Str.) agalactiae, but also Str. dysgalactiae and Str. canis. However, 

there are some studies that also attribute an environmentally associated route of 

transmission to S. aureus and Str. dysgalactiae or assign them to both categories 

(Wente and Krömker, 2020).  

4.1.1.1. Staphylococcus (S.) aureus 

S. aureus are gram-positive cocci from the genus Staphylococcus spp. (Winter, 

2009a) and can be found as a commensal on skin and mucosa but are also frequently 

detected in skin lesions or decubitus (Capurro et al., 2010; Cicconi-Hogan et al., 

2013). Infection of the udder with S. aureus occurs predominantly subclinically and 

is associated with high SCC (Petersson-Wolfe et al., 2010). Clinical courses are 

also possible (Keane et al., 2013). In chronic courses, granuloma and nodule 

formation is likely that will impair treatments success (Winter, 2009a). In principle, 

S. aureus is classified as a contagious pathogen (Fox and Gay, 1993). However, 

studies showed that S. aureus may also exhibit characteristics of an environmental 

pathogen in terms of epidemiology and response to management changes (Zadoks 

et al., 2002; Sommerhäuser et al., 2003). 

Although the 5-point mastitis control plan primarily targets contagious pathogens 

like S. aureus, it is not as facile to control as, for example, Str. agalactiae (Zadoks 

and Fitzpatrick, 2009). In addition to the common routes of transmission for cow-

associated pathogens, transmission via flies has also been reported (Capurro et al., 

2010; Anderson et al., 2012).  

Subclinically, persistently infected cows are considered a substantial reservoir. 

Therefore, in herds with S. aureus, particular emphasis should be placed on good 

milking hygiene, infected cows should be held separated, milked last, or culled in 

persistent cases (Petersson-Wolfe et al., 2010).  

4.1.1.2. Streptococcus (Str.) agalactiae 

Str. agalactiae belong to the aesculin-negative streptococci and are also gram-

positive cocci. Str. agalactiae is also considered a primarily contagious pathogen, 
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but again, studies show a more complex epidemiology. In his study, Jørgensen et 

al. (2016) also detected Str. agalactiae in faeces, alleys and water troughs, for 

example, and hence did not exclude an oro-faecal infection.  

For a long time, it was erroneously believed that Str. agalactiae was an obligate 

intramammary pathogen (McDonald, 1984). However, in addition to the detection 

in the environment (Jørgensen et al., 2016), the detection of Str. agalactiae in 

humans (Zhao et al., 2008) and other animals, e.g., dogs and cats (Yildirim et al., 

2002), disproves this assumption. Str. agalactiae mastitis mostly occurs 

subclinically, yet it can also manifest chronically, sometimes ending into quarter 

atrophy (Winter, 2009a). Infection with Str. agalactiae is associated with high 

quarter-level SCC (Djabri et al., 2002). Since the introduction of the 5-point mastitis 

control plan, the prevalence of S. agalactiae has decreased noticeably. In addition 

to standard S. agalactiae prevention programs, antibiotic therapy with penicillin 

generally responds well (Huber-Schlenstedt et al., 2017). However, therapy failures 

need to be culled to eradicate reservoirs. 

4.1.1.3. Streptococcus (Str.) dysgalactiae 

Str. dysgalactiae also belong to the gram-positive cocci of the genus Streptococcus 

spp. (Winter, 2009a). Like S. aureus and Str. agalactiae, Str. dysgalactiae was 

originally classified as a cow-associated pathogen (Fox and Gay, 1993). This 

classification also is no longer clear-cut. Str. dysgalactiae can be assigned to both 

categories, cow- and environment-associated. Wente and Krömker (2020) could 

identify up to seven strains of Str. dysgalactiae in one herd. Str. dysgalactiae occurs 

as a pathogen in both, SUBM and CM, with subclinical courses predominating 

(Winter, 2009a). Infection with Str. dysgalactiae results in high shedding rates of 

this pathogen (Hamel et al., 2021) and milk losses (Heikkilä et al., 2018).  

4.1.2. Environment-associated major pathogens 

As mentioned before, the 5-point mastitis control plan focused on contagious 

pathogens, which led to a relative increase in environmental pathogens such as Str. 

uberis and E. coli (Zadoks and Fitzpatrick, 2009). While contagious pathogen 

prevalence mainly depends on milking hygiene, environmental pathogen 

prevalence depends on both hygiene in the barn, e.g., clean cubicles (Schukken et 

al., 1990), as well as milking hygiene, e.g., pre-milking teat disinfection (Oliver et 

al., 1993; Bradley et al., 2018).  
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4.1.2.1. Streptococcus (Str.) uberis 

Str. uberis is the most important representative of the aesculin-positive streptococci. 

It predominantly shows characteristics of an environmentally associated pathogen 

(McDougall et al., 2004), but cow-to-cow transmission has also been described 

more frequently (Zadoks et al., 2003; Davies et al., 2016; Leelahapongsathon et al., 

2020).  

Str. uberis is an ubiquitous pathogen found predominantly in the environment of 

cattle. It colonizes various body sites of cows, including the digestive tract (Kruze 

and Bramley, 1982), and is thus distributed into the environment through the faeces 

(Zadoks et al., 2005; Sherwin and Breen, 2022). In the barn, Str. uberis is found 

throughout the cow's environment, especially in the waiting area in front of the 

milking parlor and in the bedding (Wente et al., 2019). Str. uberis can cause SUBM 

and chronic mastitis but counts among the most important pathogens in CM 

(McDougall et al., 2007; Winter, 2009a; Huber-Schlenstedt et al., 2017). It has also 

been isolated in cows with metritis (Wagener et al., 2014), whereas in other animals 

Str. uberis infection is not known.  

4.1.2.2. Escherichia (E.) coli  

E. coli is a gram-negative rod, that can be found ubiquitously in the stable and is 

physiologically shed with feces (Burvenich et al., 2003). E. coli mastitis mostly 

affects high-producing cows (Burvenich et al., 2003).  

After entering the udder (typically via the streak canal) the multiplication, death, 

and lysis of E. coli releases, among other things, an endotoxin of the cell wall, the 

lipopolysaccharide (LPS). The LPS is an initiator of the immune response and 

activates the signalling cascade and cytokine release (Burvenich et al., 2003). 

Polymorphonuclear neutrophils (PMNs) are activated to fight the pathogens 

(Burvenich et al., 1999). A suppressed immune system, especially in peripartum 

cows, can lead to a failure of immunoregulatory mechanisms and to a delayed 

reaction (Waldmüller, 2012). The resulting initially uncontrolled multiplication of 

E. coli and associated high toxin concentration leads to a delayed, but excessive 

immune response with severe clinical symptoms and up to multi-organ failure 

(Burvenich et al., 2003). This makes E. coli the most common cause in fatal mastitis 

(Hazlett et al., 1984; Menzies et al., 1995). However, E. coli mastitis can also have 

a moderate to mild course, especially in cows in mid-lactation (Waldmüller, 2012).  
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4.2. Minor pathogens 

Minor pathogens are mostly colonizers of the teat canal or commensals of the teat 

skin (Devriese and Keyser, 1980). Opportunistically, they infect the udder, but only 

in a few cases lead to an increase in the SCC or even to a clinical manifestation 

(Griffin et al., 1977).  

4.2.1. Coagulase-negative Staphylococci (CNS) 

The coagulase-negative staphylococci comprise a large group of staphylococci 

(Vanderhaeghen et al., 2015). The main CNS pathogens identified are S. 

chromogens, S. simulans., S. xylosus, S. epidermidis, S. warneri and S. 

haemolyticius (Sampimon et al., 2009; Supré et al., 2011).  

Although CNS are usually counted as a homogeneous group, species-specific 

differences are known (Supré et al., 2011) and CNS are among the most common 

pathogens isolated from milk samples in many countries (Pitkäla et al., 2004; 

Tenhagen et al., 2006; Poutrel et al., 2018). 

Mastitis with CNS tends to remain subclinical (Taponen and Pyörälä, 2009), with 

persistent infections being possible (Chaffer et al., 1999). They are often isolated in 

clinically healthy primiparous cows (Tenhagen et al., 2006). 

Infections with CNS usually result in only a slight increase in SCC (Djabri et al., 

2002). It is debated whether CNS protects udders from infections with other 

pathogens, leading to different conclusions. On the one hand, studies showed that 

IMI  with CNS was associated with an increased risk of IMI with major pathogens. 

For example, one study showed, the risk of infection with S. aureus or Str. uberis 

post calving was increased in precalving IMI with CNS (Parker et al., 2007). In 

contrast, a study by dos Santos Nascimento et al. (2005) found an inhibitory effect 

of CNS strains on Str. agalactiae strains. Another study attributed neither a 

protective nor a predisposing effect to CNS regarding IMI with S. aureus or Str. 

uberis (Zadoks et al., 2001).  

4.2.2. Corynebacterium spp. 

Corynebacterium spp. is a pleomorphic, gram-positive bacterium. The main 

representative of the Corynebacterium spp. is Corynebacterium (C.) bovis. As with 

CNS, infection with C. bovis results in only slight increases in cell number. In a 

meta-analysis, Djabri et al. (2002) found a geometric mean SCC of 105,000 

cells/mL in IMI with C. bovis. While Corynebacterium spp. has been identified as 
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a risk factor for clinical mastitis just prior to the dry period, it has conversely been 

attributed a protective effect when isolated in the late dry period or post calving 

(Green et al., 2002).  

5. Other udder diseases 

The focus of udder health is often set on mastitis, but other udder diseases also play 

an important role in udder health, especially regarding animal welfare and food 

safety. To the best of our knowledge, there are no recent data on the prevalence of 

udder diseases such as teat warts, udder edema, udder thigh dermatitis, udder cleft 

dermatitis, or other in Bavaria, Germany. The diseases of the udder (addressed in 

the first publication), namely teat warts, udder edema, udder thigh dermatitis, and 

udder cleft dermatitis, will be reviewed in the following. 

5.1. Teat warts 

Teat warts are caused by the bovine papillomavirus (BPV). The warts appear as 

thick nodules in the skin. They do not show any redness nor are they painful. They 

can look rice grain-like, have a thick base or form secondary and even tertiary 

papilloma on top of the primary tumor similar to a benign tumor (Kirk and Sischo, 

2003). Usually the warts heal spontaneously, but some persist. Persistency occurs 

mainly in immunocompromised animals (Nasir and Campo, 2008). Due to teat 

warts, problems during milking, due to difficulties in attachment of the milking 

clusters, and suckling problems for calves can occur. If the prominent parts of teat 

warts are torn off or injured, the wound may become infected or lead to mastitis 

(depending on the localisation) or even narrowing of the teat canal (Kirk and Sischo, 

2003; Schukken et al., 2003; Kale et al., 2018).  

There is scarce data on the occurrence of teat warts, none are known for Germany. 

Nouh et al. (2014) reported an incidence of 1.7% for teat warts in an Egyptian 

retrospective study. Nooruddin et al. (1997) found a prevalence of 16% in 

Bangladesh. In a Dutch study, the proportion of affected teats with warts decreased 

from 22 to 14% after changing from conventional milking to automatic milking 

systems on 15 farms (Neijenhuis et al., 2004).  

Various treatment approaches can be found in the literature, including surgical 

removal (Stöber, 2006), paramunity inducer (Turk et al., 2005), or autogenous 

vaccines (Kale et al., 2018). There are only few case reports about the efficacy of 

autogenous vaccines. Mostly they were used in combination with other therapies 
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and showed a successful reduction and prevention of recurrence of warts (Turk et 

al., 2005; Ranjan et al., 2013; Mayilkumar et al., 2014; Kale et al., 2018).  

It is possible (in Germany according to the Regulation on Animal Vaccines, 

TierImpfStV) to have autogenous, i.e., farm-specific vaccines produced in case of 

herd problems (Stöber, 2006). To prevent infections, good (milking) hygiene and 

purchase controls are recommended (Stöber, 2006). No extensive studies on teat 

wart prevalence or risk factors have been done so far in Germany.  

5.2. Udder edema (UE) 

Udder edema is the pathological accumulation of fluids in udder tissue due to 

inflammation or reabsorption and filtration disorders of the local vascular system 

(Wiesner and Ribbeck, 2000). In a study by Kojouri et al. (2015) low levels of total 

protein and lipid markers as well as lipoproteins in the blood of primiparous cows 

with UE were noticed.  

It is a common condition and affects about 70% of cows around calving (Morrison 

et al., 2018). Various risk factors are described, with partly different results. While 

Melendez et al. (2006) described an increased occurrence of UE in cows giving 

birth to heavy calves, Malven et al. (2006) saw higher rates of it in cows with light 

calves. Season also had an influence on the occurrence of UE in Melendez et al.'s 

(2006) study, but not in Dentine and McDaniel's study (1983). Feeding high-energy 

diets to dry cows increased the risk of UE (Johnson and Otterby, 1981) as well as 

feeding highly fermentable diet in the periparturient time (Radostits et al., 2000). 

First-time heifers are particularly affected (Dentine and McDaniel, 1983). Offspring 

of high-yielding cows have an increased risk of UE (Shanks et al., 1978). The 

associated swelling leaves the udder more exposed to kicking injuries and, if 

chronic, can cause permanent damage to the suspensory apparatus (Loppnow, 

1959). The friction of the swollen udder against the inner thigh poses be a risk factor 

for udder thigh dermatitis (Sigmund et al., 1980; Roy et al., 2012). For mild cases, 

UE usually resolves on its own within a few days, massages and exercise can 

promote regression. In more severe cases, diuretics and antiphlogistics can be used 

for therapy (Winter, 2009b).  

5.3. Udder thigh dermatitis (UTD, Intertrigo)  

Similar to UE, there are not many studies on prevalence of or risk factors for UTD, 

also often called intertrigo. Intertrigo is a dermatitis caused by friction between two 
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adjacent surfaces (Wiesner and Ribbeck, 2000), in the case of UTD, the friction 

between the udder and the inner thigh. After the first stage with erythema, the 

affected area begins to swell. Then the hair becomes matted, the area becomes 

soggy and there may occur systemic signs such as fever and recumbency. Bacteria 

invade the lesions and secondary infections can develop. The spot may demark, and 

cows may also become lame and lie down more (Roy et al., 2012). Once the edema 

subsides, healing, granulation and re-epithelialisation ensue due to a decrease in 

friction (Sigmund et al., 1980). The most commonly identified pathogen in UTD is 

Fusobacterium necrophorum, an anaerobe, but also Corynebacterium spp. (Roy et 

al., 2012). Sigmund et al. (1980) on the other hand, examined only aerobic 

pathogens and found Corynebacterium spp. to be the most common pathogen, but 

also gram-negative pathogens such as E. coli and Proteus vulgaris were present. 

Heifers are more frequently affected than cows. In a German study, an incidence 

was at 1% for heifers and 0.06% for multiparous cows (Sigmund et al., 1980). In 

contrast, in France the incidence was higher: 23% and 1.2%, respectively (Roy et 

al., 2012). Udder thigh dermatitis is associated with UE, which causes friction 

between the inner thighs and the udder due to swelling. In a study by Roy et al. 

(2012), 98% of the cows with UTD also showed UE.  

The first step in treating UTD is to control the usually present UE (Roy et al., 2012). 

The affected areas should be shaved out and wound debridement should be 

performed (Winter, 2009c). Furthermore, lavage with disinfectant agents is 

recommended (Sigmund et al., 1980). Systemic antibiotics may only be necessary 

for large deep wounds (Winter, 2009c).  

5.4. Udder cleft dermatitis (UCD) 

With UCD, skin lesions are found on the udder, usually between the two 

forequarters or at the cranial transition between the udder and the abdominal wall 

(Warnick et al., 2002). A distinction is made between the mild and the severe 

course, which can lead to open skin areas and even deep ulcers and necrosis (Ekman 

et al., 2018). In severe cases, it can result in death either from embolic pneumonia 

(Millar et al., 2017) or when penetrating the mammary vein (Bouma et al., 2016).  

No single infectious cause has been confirmed. The diversity of the bacteria is lower 

compared to the healthy skin areas, a dysbiosis occurs (Sorge et al., 2019; Ekman, 

2020). While staphylococci predominate in the mild form, the frequency of 

anaerobes such as Fusobacteria spp. and Trueperella spp. increases in the severe 
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form but no specific pathogen could be attributed to the development of UCD 

(Ekman 2020). Sorge et al. (2019) could not detect any viral, fungal or mange 

components in their samples when investigating UCD histologically. On the other 

hand, the sores were associated with the multitude of Fusobacterium, 

Porphyromonas spp., Helococcus, and other bacteria (Sorge et al., 2019) - the 

disease is likely multifactorial.  

In the Netherlands, 5.2% of cows were affected with UCD, and the within-herd 

prevalence varied between 0 and 15% (Olde Riekerink et al., 2014), whereas in 

Sweden 18% of cows were affected and the within-herd cow prevalence ranged 

from 0 to 39% (Persson Waller et al., 2014). In another Swedish study, 28% of cows 

were found positive for UCD, with the mild form of UCD being found more 

frequently (19% of cows) than the severe form (9% cows, Ekman et al., 2018). The 

within-herd prevalence there ranged between 0 and 62%. There are currently no 

data on the prevalence of UCD in Germany, or specifically Bavaria.  

Unlike udder edema and UTD, UCD is more common in older cows than in 

primiparous cows (Warnick et al., 2002; Persson Waller et al., 2014; Bouma et al., 

2016; Ekman et al., 2018). The disease also seems to occur more frequently at high 

milk production levels (Olde Riekerink et al., 2014; Persson Waller et al., 2014; 

Ekman et al., 2018). Additionally, udder conformation plays a role. Deep udders in 

relation to the hock and large forequarters seem to be more susceptible to UCD 

(Olde Riekerink et al., 2014).  

Mastitis is thought to be associated with UCD. In Persson Waller et al.ôs study, the 

risk of veterinary-treated clinical mastitis was higher for cows with UCD than for 

cows without UCD (Persson Waller et al., 2014). They concluded that UCD 

increases the risk of veterinary-treated clinical mastitis because skin lesions, such 

as hock lesions, provide a reservoir for S. aureus (Capurro et al., 2010).  

As with UTD, the wound should first be cleaned and debrided (Ekman, 2020). 

Lammers et al. (2017) attributed a healing-promoting effect to a chelated copper 

and zinc spray, but Ekman (2020) saw no general effect on wound healing for this. 

Furthermore, Ekman (2020) recommended adapting the topical application of 

products to the condition of the wound, such as medical honey for secondary 

bacterial infections. In a study by van Werven et al. (2018), enzyme alginogel was 

shown to be effective in treating severe UCD.  
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