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I. INTRODUCTION 

Bovine mastitis is one of the most common and economically significant diseases 

in the dairy industry, causing substantial losses due to decreased milk production, 

increased treatment costs, and the potential culling of affected animals (HALASA 

et al., 2007). In addition to its economic consequences, mastitis raises public health 

concerns due to the growing problem of antimicrobial resistance (AMR) 

(NARANJO-LUCENA & SLOWEY, 2023), as mastitis treatments account for the 

majority of antibiotic use in dairy herds worldwide (NOBREGA et al., 2020).  

Effective mastitis control requires understanding of the distribution of mastitis 

pathogens, which can vary across regions influenced by differences in farm 

management, veterinary services, laboratory resources, and season (ZADOKS & 

FITZPATRICK, 2009; TOMAZI et al., 2018). This underscores the need for local 

data, especially in extensive dairy regions like Bavaria in Germany. One of the most 

common pathogens causing bovine mastitis are Streptococcus (Sc.) spp., which 

include species of the pyogenic group, such as Sc. dysgalactiae, Sc. agalactiae, and 

Sc. canis. These closely related species are capable of horizontal gene transfer, 

contributing to the emergence of new AMR (ALVES-BARROCO et al., 2020). In 

response to the increasing awareness of antibiotic-resistant bacteria, national and 

international organizations, such as the World Organization for Animal Health 

(OIE), have implemented surveillance programs to monitor antimicrobial resistance 

(TOUTAIN et al., 2017). However, these programs often lack comprehensive 

regional data, and rarer pathogens - such as Sc. canis - are not taken into account. 

Therefore, the objectives of this work were to investigate the distribution of mastitis 

pathogens in Bavaria from quarter milk samples (QMS) submitted to the laboratory 

of the Bavarian Animal Health Service (TGD) between 2014 and 2023 in general, 

in relation to the clinical status of the quarters, and to determine seasonal differences 

in the detection risk of mastitis pathogens (Publication I). In addition, the objective 

was to investigate changes in antimicrobial resistances for Sc. dysgalactiae, 

Sc. agalactiae, and Sc. canis between 2012 and 2022 (Publication II). 
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II. LITERATURE REVIEW 

1. Bovine mastitis 

Bovine mastitis is an endemic disease, characterized by inflammation of the 

mammary gland, typically caused by intramammary infection (IMI) (HALASA et 

al., 2007; EFSA et al., 2023). While the causes can be non-infectious (e.g. physical 

trauma), bacterial infections are the main cause for mastitis (BRADLEY, 2002; 

CHENG & HAN, 2020). Bacteria usually enter through the teat canal, where they 

multiply or release toxins within the udder (WINTER & ZEHLE, 2009). In 

response, the mammary gland initiates an inflammatory reaction to fight the 

infection, leading to an increase in somatic cell count (SCC) (GARCÍA, 2004). This 

disease is globally associated with harmful effects on the welfare of dairy cows 

(SILVA et al., 2021). The importance of mastitis was early recognized and therefore 

a five-point plan was developed in the 1960s by the National Institute for Research 

in Dairying (NIRD) which included measures that aimed to control mastitis 

(RUEGG, 2017). These measures led to a significant reduction of contagious 

mastitis. However, environmental pathogens have since become more important 

and while subclinical mastitis has also decreased, there has been no corresponding 

decrease in clinical mastitis (TENHAGEN et al., 2006). 

1.1. Mastitis classification 

Bovine mastitis can be classified according to the appearance of symptoms into 

subclinical and clinical mastitis (AQIB et al., 2021). Clinical mastitis is 

characterized by observable changes in the milk, udder, or even the cow’s overall 

condition. The signs of inflammation include abnormalities of the milk character, 

such as discoloration of the milk, flakes, or lumps. In moderate mastitis cases 

swelling, heat, redness and pain of the udder can also be present. In severe clinical 

mastitis cases, cows may exhibit systemic symptoms such as fever, loss of appetite 

or even death (KIBEBEW, 2017; BRENNECKE et al., 2021). Clinical mastitis 

poses therefore a major concern for animal welfare (AQIB et al., 2021). 

In contrast, subclinical mastitis shows no visible signs of inflammation. Instead its 

detection depends on diagnostic tools like the California-Mastitis-Test (CMT) 

(PAKRASHI et al., 2023) or direct determination of the SCC. The only indications 
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are an increased SCC (≥ 100,000 cells/mL) and reduced milk yield, with no 

noticeable changes of the milk character (WINTER & ZEHLE, 2009). The 

increased SCC is part of the cows immune response and includes leukocytes (i.e., 

neutrophils, macrophages, lymphocytes) and epithelial cells (SHARMA et al., 

2011) and is commonly used as indicator for intramammary infections (DOHOO & 

LESLIE, 1991). Due to the lack of obvious symptoms, subclinical mastitis often 

remains unnoticed and is therefore more prevalent, with an incidence estimated to 

be 15–40 times higher than clinical mastitis (KABELITZ et al., 2021). 

Consequently, cows with subclinical mastitis act as a pathogen reservoirs within 

the herd, from which the pathogens can be spread between or during milking 

(WINTER & ZEHLE, 2009). As a result, subclinical mastitis is responsible for 

greater financial losses than clinical mastitis (CHENG & HAN, 2020). 

1.2. Mastitis pathogens 

Mastitis can be caused by bacteria, viruses, fungi, molds, and algae 

(WELLENBERG et al., 2002; TOMANIĆ et al., 2022). However, it is mainly 

caused by bacteria invading the teat canal and causing IMI in one or more quarters 

of the udder (KIBEBEW, 2017). Once arrived in the gland the pathogens find ideal 

conditions to multiply and damage the udder tissue (GARCÍA, 2004). These 

pathogens can be broadly divided into either major and minor or contagious and 

environmental pathogens (HASSAN et al., 2009).  

1.2.1. Major and minor pathogens 

Bacteria can be classified in major and minor pathogens depending on the physical 

and biochemical changes that they induce in milk (HASSAN et al., 2009). Major 

pathogens are considered to be more virulent and damaging to the udder (REYHER 

et al., 2012). They include species as Staphylococcus (S.) aureus, Sc. uberis, 

Sc. agalactiae, Sc. dysgalactiae, Escherichia (E.) coli, and Trueperella (T.) 

pyogenes. Major pathogens often cause clinical mastitis, persist for a prolonged 

time in the udder, and may require longer antimicrobial therapy (REYHER et al., 

2012). In contrast, minor pathogens include pathogens like non-aureus 

staphylococci (NAS) or Corynebacterium spp. They cause less severe reactions in 

the udder, but are also able to cause clinical mastitis in some cases (HASSAN et 

al., 2009). Furthermore, they are reported to have a negative impact on milk 

production, and should therefore not be underestimated causing reduction in milk 
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yield (HEIKKILÄ et al., 2018). Nevertheless, minor pathogens, like NAS, are still 

considered of lesser importance for the dairy production (DE BUCK et al., 2021). 

1.2.2. Contagious and environmental pathogens 

This classification depends on the transmission of the causative pathogens. 

Contagious pathogens are known to spread from cow to cow, whereby cows with 

an infected udder can infect healthy cows (SHARIF et al., 2009). This usually 

happens during milking time, with the hands of the milker, towels or the milking 

machine being a reservoir of contagious pathogens (GARCÍA, 2004). Therefore 

new infections usually appear during the lactation period (SHARIF et al., 2009). 

The main contagious mastitis pathogens are S. aureus and Sc. agalactiae 

(FRANCOZ et al., 2012). Living on the udder and teat, these pathogens colonize 

and invade the teat canal, causing IMI (CHENG & HAN, 2020). They are adapted 

to survive in the udder and spread easily within the herd (KABELITZ et al., 2021).  

Contrary to contagious pathogens, environmental pathogens such as E. coli or Sc. 

uberis do not usually live on the cow’s udder and teat skin. As the name suggests 

they exist in the cow’s environment like the bedding and housing of the herd, from 

where they invade the udder and multiply, inducing a host immune response. 

Environmental pathogens often cause clinical mastitis and are usually quickly 

eliminated by the immune system of the host (CHENG & HAN, 2020). 

Nevertheless, not all pathogens could be strictly classified into contagious or 

environmental. For example, Sc. dysgalactiae can spread through both 

environmental sources and contagious transmission (WENTE & KRÖMKER, 

2020).  

An important difference between contagious and environmental pathogens lies in 

their effects on subclinical mastitis. Research suggests that subclinical mastitis is 

more likely to occur with contagious pathogens (SØRENSEN et al., 2010). 

Additionally, mastitis caused by contagious pathogens tends to result in greater 

milk loss and therefore higher costs per case compared to mastitis caused by 

environmental pathogens (SØRENSEN et al., 2010).  

1.2.3. Prevalence of mastitis pathogens 

Historically, contagious pathogens such as S. aureus and Sc. agalactiae were the 

most prevalent causes of bovine mastitis (RUEGG, 2017). However, due to 

effective control measures, the prevalence has shifted towards environmental 
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pathogens (KABELITZ et al., 2021). For example, a study in Northern Germany 

found that Sc. uberis and coliforms, such as E. coli, are now among the leading 

causes of severe mastitis (SCHMENGER & KRÖMKER, 2020). Other studies also 

found Sc. uberis to be the most common pathogen in clinical mastitis cases, e.g. in 

Belgium (VERBEKE et al., 2014) and an increasing prevalence for this pathogen 

has been reported around the world (PHUEKTES et al., 2001). Nowadays, the 

distribution of mastitis pathogens from culture positive quarter milk samples in 

Germany, as reported by the German Veterinary Association (DVG, 2024), in 

decreasing frequency is as follows: Sc. uberis, NAS, E. coli, coryneformes, 

esculin-positive streptococci, S. aureus and Sc. dysgalactiae. Despite overarching 

trends, the distribution of mastitis pathogens varies between countries. For example, 

WANG et al. (2022) reported a decreasing trend for S. aures in China, while 

ACHARYA et al. (2021) noted an increasing detection in Canada. In addition, 

SMISTAD et al. (2023) found a relatively stable prevalence of S. aureus. 

MORALES-UBALDO et al. (2023) also reported in their meta-analysis wide 

ranges of prevalences for example for Sc. agalactiae, with 0.1% in Canada and 

10.3% in Ethiopia, or Sc. uberis, with 1.5% in Serbia and 74% in China. Therefore, 

local data are very important in the development of mastitis control programs, as 

knowing the specific pathogen distribution in each region allows for more effective 

and targeted measures.  

1.3. Risk factors and control 

Bovine mastitis is a complex disease influenced by multiple risk factors that can be 

categorized into intrinsic (host-related) and extrinsic (environmental and 

management-related) factors (AJOSE et al., 2022). The intensity of the 

inflammatory reaction is in addition also influenced by the invading pathogen 

(ASHRAF & IMRAN, 2020). Host factors include breeding and genetics, udder 

structure, age and stage of lactation, milk yield, transition period, host nutritional 

stress, and immune system (CHENG & HAN, 2020). High-yielding breeds like 

Holstein-Friesians are more prone to mastitis compared to lower-yielding breeds 

like Jerseys and Rendena cattle, which show greater disease resistance (CHENG & 

HAN, 2020). Structural factors such as teat-form, pendulous udders, and teat-

lesions also increase the infection risk (SHARIF et al., 2009). Age is another factor, 

with older cows being more vulnerable due to the easier penetration of pathogens 

into the teat canal and the accumulation of existing pathogens (KITILA et al., 2021). 
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The transition period around calving is particularly risky due to immunosuppression 

from oxidative stress. Additionally, nutritional stress, particularly negative energy 

balance and deficiencies in essential nutrients, can weaken the immune system, 

increasing the likelihood of infection (CHENG & HAN, 2020).  

Extrinsic factors include poor milking hygiene, inadequate sanitation and improper 

use of milking equipment, all of which can significantly increase the incidence of 

clinical and subclinical mastitis (MBINDYO et al., 2020). Environmental 

conditions, such as the cleanliness of housing and udder hygiene, also play a 

significant role. Overcrowding, contaminated surfaces, wet bedding, and poor 

ventilation can favor the growth of mastitis pathogens and increase the exposure of 

cows, leading to an increased incidence of mastitis (CHENG & HAN, 2020). Also 

climatic factors, such as hot and humid climate, detected through a high 

Temperature-Humidity-Index (THI) can lead to a higher shedding of mastitis 

causing pathogens, which increases the risk of mastitis (HAMEL et al., 2021). 

Studies have shown that high temperatures and high humidity can increase the 

likelihood of IMI, especially from environmental pathogens (RAKIB et al., 2020; 

GANTNER et al., 2023). This factor is particularly important in view of changing 

climate patterns and more frequent extreme weather events due to climate change 

(BOKHARAEIAN et al., 2023).  

Controlling mastitis requires a comprehensive approach that includes improved 

herd management, regular testing and strict hygiene protocols to reduce the 

incidence and economic impact of mastitis in dairy herds. As stated above, a 

mastitis control program, known as the five-point-plan, was successfully introduced 

in the 1960’s (RUEGG, 2017). This plan included dipping teats after milking, 

treating all cows with antibiotics at drying off, appropriate treatment of clinical 

cases of mastitis, culling chronically ill cows and maintenance of milking 

equipment (HOGEVEEN et al., 2011). Later these measures were expanded to a 

10-point plan, that included further practices such as, “establishment of goals for 

udder health, maintenance of a clean, dry, comfortable environment, proper milking 

procedures, good record-keeping, maintenance of biosecurity, regular monitoring 

of udder health status, and periodic review of the herd’s mastitis control program” 

(MIDDLETON et al., 2014). Depending on the causative pathogen, the most 

important control and prevention measures against contagious mastitis are aimed at 

limiting contact between infected and healthy cows (CHENG & HAN, 2020). The 
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control of environmental mastitis can be achieved by minimizing the exposure of 

teat ends to environmental pathogens and strengthening the cow's resistance to 

intramammary infections (IMI), e.g. through vaccinations (SMITH & HOGAN, 

1993; CHENG & HAN, 2020). However, mastitis control must be constantly 

adapted within a herd, as different risk factors and pathogens contribute to the 

varying effectiveness of the measures.  

1.4. Treatment 

The main treatment against bovine mastitis is antimicrobial therapy (GOMES & 

HENRIQUES, 2016). Whenever possible, mastitis treatment should be targeted at 

the causative bacteria. Accurate diagnosis of the causative pathogens, as well as 

susceptibility testing, is a crucial part of mastitis management (SHARUN et al., 

2021). It guides the selection of appropriate antibiotics and reduces unnecessary 

antimicrobial use and thereby the risk of AMR (SHARUN et al., 2021). However, 

in acute cases, treatment is often initiated based on herd data and clinical experience 

(KIBEBEW, 2017). In some cases, particularly with pathogens such as E. coli, non-

antimicrobial measures such as anti-inflammatory treatment with nonsteroidal anti-

inflammatory drugs (NSAIDs), glucocorticoids, supportive fluid therapy, and 

frequent milking should be used, especially in mild to moderate cases (SUOJALA 

et al., 2013). Moreover, mild mastitis cases involving "no-growth" or gram-

negative pathogens rarely benefit from intramammary antibiotic treatments 

(SORGE et al., 2020). As to the antimicrobial therapy it can be done during 

lactation or as dry cow therapy (DCT). DCT is generally used at the end of lactation 

to treat existing infections and prevent new infections during the dry period 

(GRUET et al., 2001). This therapy may involve the use of antibiotics alone or in 

combination with internal teat sealants, which has been shown to significantly 

reduce the incidence of clinical and subclinical mastitis in the following lactation 

(RUNCIMAN et al., 2010). During lactation, the focus shifts to treating new 

infections when they occur, and prolonged antibiotic treatment can improve cure 

rates, particularly in cases involving S. aureus (BARKEMA et al., 2006). It has 

been noted, that bacteriological cure for clinical mastitis has been the highest in the 

first 100 days of lactation, regardless of pathogen (SCHMENGER & KRÖMKER, 

2020). When choosing the antibiotic it should be evaluated if critically important 

antimicrobials (CIA) are necessary. CIA, such as fluoroquinolones, 3rd and 4th 

generation cephalosporins, and macrolides are essential for treating certain diseases 
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in humans (MCEWEN & COLLIGNON, 2018). Hence, the use of CIA in food-

producing animals may elevate the risk of untreatable infections in humans 

(NOBREGA et al., 2020). Furthermore, critical antimicrobials do not add benefit 

to the treatment of mild to moderate mastitis cases (NOBREGA et al., 2020). As 

the extensive use of antimicrobials raises significant public health concerns, for 

example almost 90% of antibiotic residues in milk are related to mastitis treatment 

(KABELITZ et al., 2021), current research deals with alternatives to antimicrobial 

therapy such as the use of herbal remedies, probiotics, bacteriophages, and 

nanotechnology-based treatments (GOMES & HENRIQUES, 2016; MUSHTAQ et 

al., 2018; ANGELOPOULOU et al., 2019). 

1.5. Antimicrobial resistance 

AMR refers to the ability of bacteria to withstand the effects of antimicrobial drugs, 

leading to treatment failure, increased mortality rates, and higher healthcare costs 

(PRESTINACI et al., 2015). Although, antimicrobial therapy is an important 

measure for treating bovine mastitis and human infections (REN et al., 2020), its 

use contributes to the development of AMR, which poses a serious threat to human 

and animal health (NOBREGA et al., 2020). Broad-spectrum antimicrobials are 

known to increase selection pressure and thus have a greater effect on the 

development of resistance than narrow-spectrum antimicrobials (BARBOSA & 

LEVY, 2000). Despite this, veterinarians often choose broad-spectrum antibiotics, 

even though most mastitis cases in southern Germany are caused by gram-positive 

pathogens that are penicillin-sensitive in vitro, and gram-negative mastitis does not 

benefit from antibiotic treatment (SORGE et al., 2020). The inappropriate 

prescription of antimicrobials promotes drug resistance in exposed bacteria and 

leads to the persistence of antibiotic resistance genes within bacteria that share the 

same ecological niches (ALVES-BARROCO et al., 2020). Consequently, the 

EUROPEAN COMMISSION (2015) recommends the prudent use of 

antimicrobials and emphasizes a rational and targeted approach.  

Mechanisms of AMR include: enzymatic inactivation of antibiotics, e.g. the 

degradation of β-lactams by β-lactamases (GAUBA & RAHMAN, 2023); changes 

in the antimicrobial target that prevent effective binding of the antibiotic, often due 

to spontaneous mutations, including genomic and RNA (ribonucleic acid) changes 

(GOMEZ et al., 2017); and blocking the access of drugs to targets, e.g. by reducing 

cellular uptake through reduced membrane permeability and/or by using active 
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efflux pumps that enhance the elimination of drugs from the cell (ALVES-

BARROCO et al., 2020). Bacterial drug resistance can be divided into intrinsic and 

acquired resistance (REYGAERT, 2018). Intrinsic resistance is a naturally 

occurring phenomenon that inhibits antimicrobial activity and can be observed in 

most strains of a species. This resistance may be constitutive (existing 

independently of prior antibiotic exposure) or induced (by exposure to antibiotics 

or environmental stressors) (ALVES-BARROCO et al., 2020). Acquired resistance 

results from chromosomal point mutations or the acquisition of mobile resistance 

genes, which enable previously susceptible bacterial populations to develop 

resistant strains, usually following exposure to an antimicrobial agent (ALVES-

BARROCO et al., 2020). 

Continuous monitoring of resistant mastitis pathogens is essential for decision-

making in bovine mastitis treatment. To address this need, various national and 

international organizations, including the World Organization for Animal Health 

and the European Commission, have introduced AMR surveillance programs to 

monitor the development of resistances (TOUTAIN et al., 2017). Unfortunately, 

these nationwide surveillance programs lack information on regional differences 

and do not consider rare pathogens that can also serve as reservoirs for resistance 

genes. In Germany, the use of antimicrobials is further regulated by law, e.g. by the 

16th Act Amending the German Medicinal Products Act (16th AMG amendment) 

from 2014 or the amendment to the law in 2018 for the use of antimicrobials in 

veterinary medicine (Verordnung über tierärztliche Hausapotheken, TÄHAV) 

(BUNDESTIERÄRZTEKAMMER, 2018). These regulations aim to minimize the 

use of antimicrobials and CIA in livestock farming.  

2. Streptococcal mastitis 

One of the most common major pathogens causing bovine mastitis are 

Streptococcus spp. Streptococci are gram-positive, catalase-negative, facultatively 

aerobic pathogens with spherical or ovoid shape, which often build chains or 

diplococci in liquid medium (TOIT et al., 2014). They are microbiologically 

identified based on colony morphology, hemolysis, esculin hydrolysis and CAMP 

(Christie–Atkins–Munch-Peterson) factor and classified into Lancefield groups 

(DVG, 2018). This genus includes contagious and environmental bacteria, which 

can induce both, subclinical as well as clinical mastitis (KACZOREK et al., 2017).  
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Streptococcal mastitis usually lasts around 12 days, but can extend to over 300 days 

in chronic cases (KABELITZ et al., 2021). A higher risk of developing a mastitis 

due to streptococci has been associated with older cows and early lactation stages 

(AMIN, 2017). Symptoms vary widely depending on the causing species and may 

include abnormal milk parameters, swollen udder, systemic symptoms such as 

fever, anorexia or behavioral changes. But also, the absence of symptoms can occur 

alongside an increase in SCC (KABELITZ et al., 2021). The main strategy for the 

treatment of streptococcal mastitis is antimicrobial therapy, with β-lactams being 

the first choice, and despite the widespread use of penicillin, high susceptibility to 

these antimicrobials has been reported (HAENNI et al., 2018). The most important 

species causing streptococcal mastitis are Sc. uberis, Sc. dysgalactiae, 

Sc. agalactiae and Sc. canis. While Sc. uberis is known as esculin-positive, 

Sc. dysgalactiae, Sc. agalactiae and Sc. canis are esculin-negative (DVG, 2018). 

The last three species are major pathogens of the pyogenic group and are closely 

related (ALVES-BARROCO et al., 2021). Sc. dysgalactiae, Sc. agalactiae, and 

Sc. canis are described in more detail below.  

2.1. Streptococcus dysgalactiae 

Sc. dysgalactiae is an esculin-negative CAMP-negative streptococcal pathogen and 

belongs to Lancefield-Group C (DVG, 2018). It is a significant cause of mastitis, 

ranked as the second most common streptococcal pathogen isolated from bovine 

mastitis in Germany (4.7%), following Sc. uberis (DVG, 2024), and the third most 

common pathogen responsible for clinical mastitis in Bavaria (HUBER-

SCHLENSTEDT & SCHIERLING, 2016). In Norway, this species is even reported 

to be the second most common major mastitis pathogen, after S. aureus (SMISTAD 

et al., 2023). A wide range of prevalence is noted in other countries worldwide, e.g. 

40% in North America (KABELITZ et al., 2021) and 7% in Northwest China 

(SHEN et al., 2021). Sc. dysgalactiae is considered an intermediate pathogen due 

to its ability to spread through both contagious and environmental routes, and it is 

assumed that transmission occurs from farm to farm (WENTE & KRÖMKER, 

2020). The results of a study from WENTE and KRÖMKER (2020) indicated that 

carrying out strain comparisons at herd level could be a valuable strategy for 

selecting appropriate control measures against this pathogen. For example, the 

presence of a single strain in several cows in a herd indicates a contagious infection 

while multiple strains indicate an environmental transmission. The different 
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transmission pathways would require different control strategies.  

Infections caused by this pathogen can manifest as both, subclinical, and clinical 

mastitis (CALVINHO et al., 1998). The presence of Sc. dysgalactiae at the time of 

drying off, increased the risk of clinical mastitis during lactation (GREEN et al., 

2002). Furthermore, high shedding rates (HAMEL et al., 2021) and milk losses 

(HEIKKILÄ et al., 2018) were also associated with this pathogen. Sc. dysgalactiae 

is furthermore involved in the multicausal disease known as summer mastitis, 

which mainly affects dry cows and heifers in summer in northern Europe and Japan, 

and has also been isolated from flies (CALVINHO et al., 1998). Intramammary 

antibiotic therapy has been shown to achieve cure rates of approximately 90% for 

subclinical mastitis caused by Sc. dysgalactiae (ERSKINE et al., 2003). 

2.2. Streptococcus agalactiae 

Sc. agalactiae is an esculin-negative, CAMP-positive streptococcal pathogen 

belonging to Lancefield-Group B (DVG, 2018). Due to its Lancefield-classification 

this species is also known as Group B Streptococcus (GBS) (RAABE & SHANE, 

2019). Sc. agalactiae is widely known as a contagious pathogen, but JØRGENSEN 

et al. (2016) found in their study Sc. agalactiae strains also in the cows' 

environment, suggesting an oro-fecal transmission cycle. This has also been 

reported by other studies (COBO-ÁNGEL et al., 2018; HAN et al., 2022). 

Sc. agalactiae was first identified in bovines and was exclusively linked to bovine 

mastitis (HERNANDEZ et al., 2021). Later it was found out, that this pathogen is 

also a human pathogen that can cause severe infections in neonates, pregnant 

women, elderly people and immune-comprised adults (RATO et al., 2013). By 

1927, Sc. agalactiae was identified as the cause of approximately 90% of 

intramammary infections, being a major factor in the degradation of milk quality 

(RUEGG, 2017). Nowadays, with introduction of the five-point plan and due to 

hygiene measures its incidence has drastically fallen and is now only rarely isolated 

from bovine mastitis cases (HAENNI et al., 2018). For example, in Germany 

Sc. agalactiae is only found in 2% of culture positive quarter milk samples (DVG, 

2024). In other countries prevalences of 6% in Slovakia (COBIRKA et al., 2020), 

0.1% in Canada (LEVISON et al., 2016), and 18% in Pakistan (MORALES-

UBALDO et al., 2023) have been reported. In cattle this pathogen is known as a 

major streptococcal pathogen that causes subclinical and mild to moderate clinical 

mastitis (HAENNI et al., 2018). It causes high SCC (DJABRI et al., 2002) and has 
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a low probability of self-cure (COBO-ÁNGEL et al., 2018). Untreated cases can 

even lead to udder atrophy. However, hygienic measures and β-lactams for 

treatment are usually effective against this pathogen (VALENTIN-WEIGAND, 

2023). 

2.3. Streptococcus canis 

Sc. canis is a β-hemolytic, esculin-negative streptococcal species belonging to 

Lancefield-Group G (DVG, 2018). It is a widely known commensal of the mucous 

membranes and skin of carnivores and could be isolated of asymptomatic carriers 

as well as in pathological cases (TIKOFSKY & ZADOKS, 2005). Sc. canis used to 

be considered a pathogen of dogs and cattle, but has since been isolated from many 

mammals, making it the streptococcus species with the widest host range, causing 

mild to severe diseases with zoonotic potential (PAGNOSSIN et al., 2022).  

In 2022, the average prevalence of Sc. canis was only 0.2% in Germany (DVG, 

2024). A study by GROH et al. (2023) found Sc. canis in only 0.3 % of all quarter 

milk samples they examined in Bavaria, but in 16.5% of samples from clinical 

mastitis cases. In another study, Sc. canis was found in less than 1% of all samples 

tested in Canada (LEVISON et al., 2016). Unfortunately, comprehensive data on 

Sc. canis is scarce, which might be because it is relatively rare and therefore not as 

much of a focus in monitoring programs. Although, Sc. canis is described to be a 

relatively rare cause of bovine mastitis, multiple studies have documented 

outbreaks of mastitis caused by this pathogen (CHAFFER et al., 2005; TIKOFSKY 

& ZADOKS, 2005; EIBL et al., 2021; GROH et al., 2023).  

In cows Sc. canis is described as a contagious pathogen that can cause outbreaks of 

subclinical mastitis with a marked increase of SCC (KRÓL et al., 2015). 

Furthermore, it has been shown that Sc. canis is capable of causing long-term 

subclinical mastitis with durations of up to 14 months (KRÓL et al., 2015). 

TIKOFSKY and ZADOKS (2005) found that Sc. canis can persist in untreated 

cows, with a low spontaneous self-cure rate of only 9%, but treatment with β-

lactams showed cure rates of 67% during lactation and up to 87.5% in dry-treated 

cows. Persistently infected cows can be the source of Sc. canis infections for other 

animals, so effective prevention and control within a herd requires measures like 

those used in Sc. agalactiae eradication programs, such as detection and therapy of 

infected cows, identification of therapy-resistant cows, DCT, and post-milking teat 
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dipping (KRÓL et al., 2015). In addition, when assessing biosecurity measures the 

potential spread from pets to cows should also be considered (PAGNOSSIN et al., 

2022).  

2.4. Antimicrobial resistance in esculin-negative streptococci 

In veterinary medicine, a decreasing susceptibility to β-lactams has been observed 

in bovine streptococci, particularly in Sc. uberis, Sc. dysgalactiae and 

Sc. agalactiae, from full towards decreased susceptibility, requiring ongoing 

surveillance (HAENNI et al., 2018). For example, in Romania resistance against 

penicillin for Sc. dysgalactiae and Sc. agalactiae was reported by PASCU et al. 

(2022). In Brazil, resistance percentages of even 86% against penicillin were found 

in Sc. agalactiae isolates from bulk tank milk (BTM) samples (MESQUITA et al., 

2019). In contrast, a European AMR monitoring program (EL GARCH et al., 2020) 

found no resistance of Sc. dysgalactiae and Sc. agalactiae against penicillin. They 

reported the highest resistance percentages in those pathogens against tetracycline. 

This aligns with other studies reporting high tetracycline-resistances in 

Sc. dysgalactiae - 64% in the Netherlands (MARAN, 2009), up to 100% in Portugal 

(RATO et al., 2013) and China (SHEN et al., 2021) - and in Sc. agalactiae - 55.5% 

in India (JAIN et al., 2012), 57% in Portugal (RATO et al., 2013), and 81% in China 

(LIU et al., 2022).  

Unfortunately, data about AMR in Sc. canis from bovine mastitis cases are sparse. 

However, the most commonly observed AMR phenotype is tetracycline resistance. 

This is found in strains from different host species and is associated with the 

presence of the tetM, tetO, tetS, tetK and tetL genes (PAGNOSSIN et al., 2022). 

The widespread prevalence of tetracycline resistance may be attributed to the 

presence of tetracycline resistance determinants (tet genes) on conjugative 

transposons, which can efficiently transfer between related bacterial species 

(ALVES-BARROCO et al., 2020). Apart from tetracycline, the European 

monitoring program (EL GARCH et al., 2020) also reported resistances to 

erythromycin and pirlimycin in Sc. dysgalactiae and Sc. agalactiae. AMR against 

these antimicrobials has also been reported for Sc. dysgalactiae, e.g., in the 

Netherlands (MARAN, 2009), and for Sc. agalactiae, e.g., in Portugal (RATO et 

al., 2013). The combination of resistance to macrolides and lincosamides is a 

common AMR pattern in these species. Cross-resistance to macrolides, 

lincosamides, and streptogramin B is frequently observed in the MLSb phenotype 
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(PINTO et al., 2013; HAENNI et al., 2018), which is caused by a methylase 

encoded by the erm (erythromycin ribosome methylation) gene family 

(DZYUBAK & YAP, 2016). Additionally, ermB was found in nearly all 

erythromycin-pirlimycin resistant isolates, as reported by RATO et al. (2013). 

Furthermore, a significant association between ermB and tetM has been identified 

among the strains of pyogenic streptococci. Tetracycline resistance genes are often 

acquired through mobile genetic elements (MGEs) that also carry determinants for 

erythromycin resistance (ALVES-BARROCO et al., 2020). 

In pyogenic streptococci also multidrug resistance (MDR) has been reported, 

complicating antimicrobial therapy and leading to treatment failure in humans and 

animals (ALVES-BARROCO et al., 2020). For example, a wide range of multidrug 

resistance has been observed all over the world with 82% of the tested isolates in a 

study from China (SHEN et al., 2021), but only 6% in Germany (MINST et al., 

2012). This shows that AMR and MDR can vary greatly in different countries and 

regional surveillance is of great importance. Furthermore, although Sc. canis is 

known to be a rare mastitis pathogen and AMR seems to be low, it is also essential 

to monitor its distribution and resistance trends, since rare species may serve as 

resistance gene reservoirs and AMR emerges as result of horizontal gene transfer, 

among other mechanisms (ALVES-BARROCO et al., 2020). 

3. Objectives 

Bavaria is an important region for the German dairy industry, where 30% of the 

country's dairy cows are kept (BAYERISCHE LANDESAMT FÜR STATISTIK, 

2023) and which produces a quarter of the annual milk volume (BITTLMAYER, 

2015). Given the importance of mastitis for the dairy industry and the increasing 

concern about AMR, it can be concluded that knowledge about regional mastitis 

pathogen distribution and AMR trends is crucial to monitor trends and adapt 

appropriate management strategies and treatments. Therefore, the objectives of this 

work were to investigate the distribution of mastitis pathogens in Bavaria from 

QMS submitted to the laboratory of the TGD between 2014 and 2023 a) in general, 

b) in relation to the clinical status of the quarters, and c) to determine seasonal 

differences in the detection risk of mastitis pathogens. Furthermore, the objective 

was to investigate changes in antimicrobial resistances for Sc. dysgalactiae, Sc. 

agalactiae, and Sc. canis between 2012 and 2022. 
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IV. DISCUSSION 

1. General aspects 

The objectives of this work were to investigate the distribution of mastitis 

pathogens in Bavaria from QMS submitted to the laboratory of the TGD between 

2014 and 2023 a) in general, b) in relation to the clinical status of the quarters, and 

c) to determine seasonal differences in the detection risk of mastitis pathogens. 

Furthermore, the objective was to investigate changes in antimicrobial resistances 

for Sc. dysgalactiae, Sc. agalactiae, and Sc. canis between 2012 and 2022. As a 

result, this study provided valuable insights into the dynamic nature of mastitis 

pathogen distribution influenced by mastitis status and seasonality. Additionally, 

an overview of in vitro resistance trends for three major streptococcal pathogens 

(Sc. dysgalactiae, Sc. agalactiae, and Sc. canis) to commonly used antimicrobials 

could be obtained.  

In 2014, MALDI-TOF MS (matrix-assisted laser desorption ionisation, time of 

flight mass spectrometry) analysis was introduced in the TGD milk laboratory 

which made it possible to identify the isolated pathogens more precisely. Before 

this methodological change, esculin-positive streptococci and gram-negative 

pathogen species could often not be fully identified. For example, Sc. uberis has 

only been classified as an independent species since 2014, whereas it was 

previously grouped with other esculin-positive streptococci. To eliminate this 

potential bias due to misidentification and improve the validity of statistical tests, 

we selected the period from 2014 to 2023 for Publication I (section III.1). Since this 

methodological change did not impact esculin-negative streptococci, the study 

period for Publication II (section III.2) remained from 2012 to 2022. 

As for the sampling, a large proportion of QMS in both publications originated from 

herd screenings, which included samplings from healthy cows. Consequently, a 

large number of QMS were collected from healthy and subclinically affected 

quarters, with only a small proportion coming from clinically affected quarters. This 

may introduce a selection bias, which should be considered when comparing our 

findings with those of other studies. Furthermore, in Publication I, 81% of the QMS 

showed no bacterial growth, since, as stated above, a large proportion of QMS 

stemmed from healthy or subclinically affected quarters. Due to the low pathogen 



IV. DISCUSSION 

44 

detection rates when including culture-negative samples, percentages often fell 

below 1%, making the graphical presentation challenging. Therefore, the analysis 

focused on culture-positive samples to better assess distribution trends. 

Furthermore, the inclusion of herds or the submission of individual samples was 

based on voluntary information and not on a random sample. Hence, statements 

about the prevalence and prevalence within herds in this region should be avoided 

and comparisons with prevalence data from other studies should be made with 

caution. 

Nevertheless, the strength of this research was that a large amount of QMS from a 

large number of herds and cows over a long period was analyzed in a single dairy 

laboratory. This ensured a consistency in sample types across years as well as 

laboratory methods. Therefore, this data set enabled the identification of long-term 

trends in both mastitis pathogen distribution and AMR of Sc. dysgalactiae, 

Sc. agalactiae, and Sc. canis in Bavaria. 

2. Study region Bavaria 

Bavaria is a key state for Germany's dairy industry, housing 30% of the country’s 

dairy cows (BAYERISCHE LANDESAMT FÜR STATISTIK, 2023) and 

producing approximately a quarter of the nation’s annual milk volume 

(BITTLMAYER, 2015). The region is predominantly characterized by Simmental 

cattle, with an average herd size of 44 cows per herd (HÖFLER; BAYERISCHE 

LANDESAMT FÜR STATISTIK, 2023). This distinguishes Bavaria from other 

German states, such as those in eastern Germany, where Holstein-Friesian is the 

primary breed and the average herd size is 197 cows per herd (TERGAST et al., 

2022). Consequently, while this study provides valuable insights into one of 

Germany’s most significant dairy regions, its findings may not be directly 

applicable to other parts of the country due to regional differences. However, the 

smaller herd structure observed in Bavaria is also present in neighboring Alpine 

countries like Austria (KALCHER, 2022), making the results also relevant in 

regions beyond Bavaria.  

3. Distribution of mastitis pathogens 

A factor to keep in mind when interpreting the results of Publication I is that the 

duration of infection influences the pathogen detection (ZADOKS & 
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FITZPATRICK, 2009). Pathogens such as E. coli (GOULART & MELLATA, 

2022) are at a lower detection risk due to their short infection duration, making them 

more difficult to detect when samples are not taken during the acute phase of 

mastitis. This likely explains the higher proportion of these pathogens in samples 

from clinically affected quarters and individual submissions, as veterinarians and 

farmers often submit QMS from acute cases to choose treatment options. In herd 

screenings sampling was often carried out at some point and pathogens with a short 

infection duration were therefore more likely to go undetected, leading to a result 

in the “no-growth” category. This context is important for the interpretation of data 

from herd screenings with a high number of QMS from CMT-negative and 

subclinically affected quarters. 

Overall, in our study, a decreasing trend of contagious pathogens, as S. aureus, and 

an increase of environmental pathogens as Sc. uberis and E. coli was observed. This 

decline in S. aureus isolates aligns with the national trends in Germany, where 

S. aureus showed a decrease from 15% in 2015 (DVG, 2015) to 5% in 2022 (DVG, 

2024). Globally, trends for S. aureus IMI vary. In China a decreasing trend was 

reported (WANG et al., 2022), while in Norway the proportion was relatively stable 

between 2000 and 2020 (SMISTAD et al., 2023). In Ontario, Canada, it even 

increased between 2008 and 2017 (ACHARYA et al., 2021). Nevertheless, 

KARELL et al. (2024) found also a decrease in AMR for S. aureus in Bavaria and 

concluded that one explanation may be the successfully implemented mastitis 

control measures. Variations in these measures across countries may explain the 

different trends, such as for example the inconsistent use of post-milking teat 

disinfection in Norway (SMISTAD et al., 2023). Another important observation 

was the frequent detection of S. aureus in QMS from CMT-negative and 

subclinically affected quarters, indicating that cows with undetected infections 

serve as a reservoir for the transmission of S. aureus within herds. This highlights 

the importance of including healthy and subclinically infected cows in herd 

screenings, since the main focus in the prevention of S. aureus infections, as for 

other contagious pathogens, should be on reducing the transmission from infected 

to non-infected quarters – i.e., preventing new infections (ROSSI et al., 2019; 

WOUDSTRA et al., 2023). 

Furthermore, a different pathogen distribution could be found when including 

mastitis status into the analysis. In QMS from clinically affected quarters, Sc. uberis 
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was the most frequently detected pathogen, which is consistent with findings from 

other studies in Germany (SCHMENGER & KRÖMKER, 2020), Belgium 

(VERBEKE et al., 2014), and New Zealand (PETROVSKI et al., 2009). Sc. uberis 

showed an overall increasing incidence throughout the study period and an 

increased detection during the warmer summer month, similar to other 

environmental pathogens like E. coli. Control measures such as post-milking teat 

disinfection and dry cow therapy are less effective against environmental pathogens 

like Sc. uberis (COBIRKA et al., 2020), which may explain the simultaneous 

decrease in contagious pathogens and increase in environmental pathogens. The 

higher incidence of environmental pathogens during warmer months has been 

reported previously (KOIVULA et al., 2007; OLDE RIEKERINK et al., 2007), 

with factors such as housing conditions (KOIVULA et al., 2007; OLDE 

RIEKERINK et al., 2007; ERICSSON UNNERSTAD et al., 2009), higher shedding 

rates due to a high THI (HAMEL et al., 2021), and heat-related immunosuppression 

(RAKIB et al., 2020; BOKHARAEIAN et al., 2023) being suggested as 

contributing factors. Unfortunately, in this study, we could only report the observed 

differences, and speculate on possible explanations as data on climate conditions 

and other risk factors, such as farming practices, were not available for all 

submissions.  

4. Resistance trends  

When comparing AMR between different studies, it is important to consider the 

different methods (e.g. disk diffusion, agar diffusion and broth microdilution 

(BMD)) and differences in the guidelines used, which can make direct comparisons 

difficult (HAENNI et al., 2018). In Publication II we used BMD as susceptibility 

testing and the methodology was mostly in accordance with the (at the time) current 

recommendations of the Clinical and Laboratory Standards Institute (CLSI) (e.g. 

CLSI, 2023). However, official breakpoints from CLSI were not available for all 

antimicrobial agents and the indication of streptococcal mastitis in cattle. Further 

development of these breakpoints would improve laboratory methods and 

comparability between different studies. 

In our study, resistance rates for Sc. dysgalactiae and Sc. canis were generally low 

and decreased further throughout the study period, particularly against 

erythromycin, pirlimycin, and marbofloxacin, with a notable drop in erythromycin 
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resistance after 2013. These findings align with several other studies reporting 

similarly low resistance rates for Sc. dysgalactiae in Germany (BVL, 2021) and 

Europe (EL GARCH et al., 2020), and for Sc. canis in Germany (HASSAN et al., 

2005) and Israel (CHAFFER et al., 2005). In Sc. agalactiae, a decrease in resistance 

to erythromycin was also observed, while a key difference noted in this study was 

the increasing resistance of Sc. agalactiae to cefalexin/kanamycin and 

marbofloxacin. High resistance to cefalexin/kanamycin was similarly reported in a 

study from northern Germany (BOLTE et al., 2020) and to fluoroquinolones in 

Turkey (ŞAHAN YAPICIER et al., 2021). The observed decline in resistance to 

erythromycin corresponds with the decreasing sale of antimicrobials in Germany, 

particularly macrolide antibiotics such as erythromycin, which sales dropped by 

approximately 70% from 2011 to 2015 (SANDER et al., 2022). This decline is 

probably due to the 16th law amending the German Medicinal Products Act, that 

was introduced in 2014 and aimed to minimize antimicrobial use in livestock 

farming. Furthermore, in 2018, a legislative change was introduced, aiming to 

minimize the use of critically important antimicrobials in veterinary medicine 

(BUNDESTIERÄRZTEKAMMER, 2018). This suggests that policy changes can 

have a positive impact on antimicrobial sales and therefore resistance development. 

This aspect underlines the need for ongoing prudent antimicrobial use. In contrast, 

sales of aminoglycoside antibiotics and first-generation cephalosporins, such as 

kanamycin and cefalexin, have increased since 2015 (SANDER et al., 2022). This 

observation may explain the increasing resistance to cefalexin/kanamycin in 

Sc. agalactiae. Unfortunately, a limitation of this study was the lack of detailed 

treatment records for each cow, which limits the ability to directly correlate 

antibiotic usage with resistance patterns. Additionally, the study did not investigate 

the genetic mechanisms underlying the observed resistance, which could provide 

deeper insights into the AMR trends, particularly the rising resistance in 

Sc. agalactiae.  

Overall, the results confirmed that penicillin remains highly effective in vitro 

against all three streptococcal species, as several other studies report (BOLTE et 

al., 2020; EL GARCH et al., 2020; HERNANDEZ et al., 2021; KABELITZ et al., 

2021), supporting its continued recommendation as the first-line treatment for 

streptococcal mastitis due to its narrow spectrum and low resistance rates.  
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5. Conclusion and perspective 

This study obtained a good overview for the long-term trend development of 

mastitis pathogen distribution and AMR in Sc. dysgalactiae, Sc. agalactiae and 

Sc. canis in Bavaria. Despite progress in the control of contagious mastitis, the 

increase in pathogens from the environment and their seasonal fluctuations 

represent a constant challenge for mastitis management and environmental factors 

continue to play an important role in udder health. These results emphasize the need 

to continue and improve management practices, especially against environmental 

pathogens, and to further monitor the spread of mastitis pathogens to track future 

trends. 

For Sc. dysgalactiae and Sc. canis, quite positive developments could be observed 

with an overall decreasing resistance in these pathogens. In contrast, Sc. agalactiae 

showed an increasing resistance trend to cefalexin/kanamycin and marbofloxacin. 

However, all three streptococcal species were almost fully susceptible to β-lactams, 

and penicillin should remain the first-choice treatment for streptococcal mastitis.  

In conclusion, this work underlines the importance of mastitis control measures and 

in this context the value of antimicrobial agents, but at the same time shows the 

conflict of antimicrobial usage and the development of resistance. Consequently, 

continuous monitoring of pathogen distribution trends, resistance trends, and 

prudent antibiotic use is necessary, to adapt targeted prevention measures, track 

AMR development in bovine mastitis pathogens, and preserve the effectiveness of 

existing treatments. While this study provides a good overview of the current trends 

in Bavaria, subsequent studies should include data about climatic conditions and 

farming management to further identify risk factors. With regard to AMR testing, 

future research would benefit from including treatment protocols from the cows 

sampled, to directly correlate antibiotic usage with resistance pattern.  
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V.  SUMMARY 

Bovine mastitis is one of the most important diseases in the dairy industry 

worldwide because of its economic impact and in terms of animal welfare. 

Furthermore, it raises public health concerns due to the use of antibiotics, that may 

promote the development of antimicrobial resistances. The objectives of this study 

were to investigate the distribution of mastitis pathogens in quarter milk samples 

(QMS) submitted to the laboratory of the Bavarian Animal Health Services (TGD) 

between 2014 and 2023 a) in general, b) in relation to the clinical status of the 

quarters, and c) to determine seasonal differences in the detection risk of mastitis 

pathogens. Furthermore, the objective was to analyze the in vitro antimicrobial 

resistances for Streptococcus (Sc.) dysgalactiae, Sc. agalactiae, and Sc. canis 

between 2012 and 2022. 

In the respective study period, all QMS sent to the TGD were analyzed and tested 

using California-Mastitis-Test (CMT). Based on the CMT results, samples were 

classified as CMT-negative, subclinical, or clinical if milk abnormalities were 

observed. The samples stemmed from whole herd screenings or individual 

submissions by farmers and veterinarians and came from over 630,000 cows and 

over 15,600 herds. Mastitis pathogens were detected in 19% of the samples, 

resulting in the inclusion of 729,459 isolates in this study. From 2012 to 2022, 

65,750 Sc. dysgalactiae, 30,486 Sc. agalactiae, and 11,336 Sc. canis isolates were 

identified. From those, a subset of isolates per herd, as well as isolates from cows 

showing subclinical or clinical mastitis, from pretreated quarters or when the client 

specifically requested it, underwent antimicrobial susceptibility testing via broth 

microdilution (BMD). The isolates were classified as either susceptible or resistant 

according to the official breakpoints at the time of this analysis.  

Among all culture-positive QMS non-aureus staphylococci (NAS), were the most 

common isolated pathogens from CMT-negative and subclinically affected quarters 

(44% and 27%, respectively), followed by Staphylococcus (S.) aureus (25% and 

17%, respectively) and Sc. uberis (8% and 22%, respectively). In contrast, in 

culture-positive QMS from clinically affected quarters the most frequently isolated 

pathogens were Sc. uberis (32%), S. aureus (13%), Sc. dysgalactiae (11%), and 

Escherichia (E.) coli (11%). Over the study period, the detection of NAS and 
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Sc. uberis increased, while that of S. aureus declined. Additionally, during the 

warmer month (June to October) QMS from subclinically affected quarters 

increased and environmental pathogens, such as Sc. uberis, were detected more 

frequently.  

The analysis of in vitro resistance of Sc. dysgalactiae, Sc. agalactiae, and Sc. canis 

revealed that all three pathogens exhibited the highest resistance to erythromycin, 

marbofloxacin, pirlimycin, and cefalexin/kanamycin, although the degree of 

resistance varied. Despite this, all three species remained largely susceptible to the 

remaining antimicrobial agents (penicillin, amoxicillin-clavulanate, oxacillin, 

cefazolin, cefoperazone, cefquinome). Over the study period, resistance in 

Sc. dysgalactiae and Sc. canis decreased, while resistance in Sc. agalactiae 

increased, particularly to cefalexin/kanamycin and marbofloxacin. Sc. agalactiae 

showed also the highest percentage of multidrug resistance (36%). However, all 

three streptococcal species showed almost no resistance to β-lactams, except for 

Sc. agalactiae toward cefalexin/kanamycin. 

This study offered valuable insights into the long-term trends in mastitis pathogen 

distribution and AMR in Sc. dysgalactiae, Sc. agalactiae and Sc. canis in Bavaria. 

Our results confirmed an increased isolation of environmental pathogens and a 

concurrent decrease in contagious pathogens, which once again highlighted the 

need for continuous adaptation of mastitis control measures. Furthermore, it 

showed that the investigated streptococcal species are still highly susceptible to β-

lactams and therefore, penicillin should remain the first-choice treatment against 

streptococcal mastitis. 
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VI. ZUSAMMENFASSUNG 

Die bovine Mastitis ist aufgrund ihrer wirtschaftlichen Bedeutung und im Hinblick 

auf das Tierwohl eine der bedeutendsten Krankheiten in der weltweiten 

Milchwirtschaft. Darüber hinaus wirft sie aufgrund ihrer häufigen Behandlung mit 

Antibiotika, welche die Entwicklung von Antibiotikaresistenzen fördern kann, 

Fragen bezüglich ihres Einflusses auf die öffentliche Gesundheit auf. Ziel dieser 

Studie war es, die Verbreitung von Mastitiserregern aus Viertelgemelksproben 

(VGP), die zwischen 2014 und 2023 an das Labor des Bayerischen 

Tiergesundheitsdienstes (TGD) gesendet wurden, a) allgemein zu untersuchen, b) 

in Bezug auf den klinischen Status der Viertel zu setzen und c) saisonale 

Unterschiede im Nachweisrisiko von Mastitiserregern zu ermitteln.  

Darüber hinaus war es das Ziel, die in vitro Antibiotikaresistenzen für 

Streptococcus (Sc.) dysgalactiae, Sc. agalactiae und Sc. canis zwischen 2012 und 

2022 zu analysieren. 

Im jeweiligen Untersuchungszeitraum wurden alle an den TGD gesendeten VGP 

analysiert und mit dem California-Mastitis-Test (CMT) untersucht. Anhand der 

CMT-Ergebnisse wurden die Proben als CMT-negativ, subklinisch oder klinisch 

eingestuft, wenn Milchanomalien festgestellt wurden. Die Proben kamen aus 

Untersuchungen ganzer Herden oder individuellen Einsendungen von Landwirten 

und Tierärzten und stammten von über 630.000 Kühen und über 15.600 Herden. 

Mastitiserreger wurden in 19% der Proben nachgewiesen, was zur Aufnahme von 

729.459 Isolaten in die Studie führte. Von 2012 bis 2022 wurden 65.750 

Sc. dysgalactiae, 30.486 Sc. agalactiae und 11.336 Sc. canis Isolate identifiziert. 

Von diesen wurde eine Auswahl an Isolaten pro Herde sowie Isolate von Kühen 

mit subklinischer oder klinischer Mastitis, aus vorbehandelten Vierteln oder auf 

ausdrücklichen Wunsch des Kunden, einem antimikrobiellen Empfindlichkeitstest 

mittels Bouillon-Mikrodilution unterzogen. Die Isolate wurden gemäß den 

offiziellen Breakpoints zur Zeit der Analyse entweder als empfindlich oder als 

resistent eingestuft.  

Unter allen kulturpositiven VGP waren nicht-aureus Staphylokokken (NAS) die 

häufigsten isolierten Erreger aus CMT-negativen und subklinisch betroffenen 

Vierteln (44% bzw. 27%), gefolgt von Staphylococcus (S.) aureus (25% bzw. 17%) 
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und Sc. uberis (8% bzw. 22%). Im Gegensatz dazu waren in Kultur-positiven VGP 

aus klinisch betroffenen Vierteln die am häufigsten isolierten Erreger Sc. uberis 

(32%), S. aureus (13%), Sc. dysgalactiae (11%) und Escherichia (E.) coli (11%). 

Im Laufe des Untersuchungszeitraums nahm der Nachweis von NAS und Sc. uberis 

zu, während der von S. aureus zurückging. Zusätzlich nahm während der wärmeren 

Monate (Juni bis Oktober) die Anzahl der VGP von subklinisch betroffenen 

Vierteln zu und Umwelterreger, wie Sc. uberis, wurden häufiger nachgewiesen. 

Die Analyse der In-vitro-Resistenz von Sc. dysgalactiae, Sc. agalactiae und 

Sc. canis ergab, dass alle drei Erreger die höchste Resistenz gegenüber 

Erythromycin, Marbofloxacin, Pirlimycin und Cefalexin/Kanamycin aufwiesen, 

wenngleich der Grad der Resistenz variierte. Trotzdem blieben alle drei Arten 

weitestgehend empfindlich gegenüber den übrigen Antibiotika (Penicillin, 

Amoxicillin-Clavulanat, Oxacillin, Cefazolin, Cefoperazon, Cefquinom). Während 

des Untersuchungszeitraums nahm die Resistenz bei Sc. dysgalactiae und Sc. canis 

ab, während die Resistenz bei Sc. agalactiae zunahm, insbesondere gegenüber 

Cefalexin/Kanamycin und Marbofloxacin. Sc. agalactiae wies zudem den höchsten 

Prozentsatz an Multiresistenzen auf (36%). Alle drei Streptokokkenarten zeigten 

jedoch fast keine Resistenz gegen β-Laktame, mit Ausnahme von Sc. agalactiae 

gegenüber Cefalexin/Kanamycin. 

Diese Studie bot wertvolle Einblicke in die langfristigen Trends der Verteilung von 

Mastitiserregern und der Antibiotikaresistenzen bei Sc. dysgalactiae, 

Sc. agalactiae und Sc. canis in Bayern. Unsere Ergebnisse bestätigten eine 

Zunahme der umweltbedingten Erreger bei gleichzeitigem Rückgang der 

kuhassoziierten Erreger, was einmal mehr die Notwendigkeit einer kontinuierlichen 

Anpassung der Mastitisbekämpfungsmaßnahmen unterstreicht. Darüber hinaus 

zeigte sich, dass die untersuchten Streptokokkenarten nach wie vor hochgradig 

sensibel gegenüber β-Laktamen sind und Penicillin daher weiterhin die erste Wahl 

bei der Behandlung von Streptokokken-Mastitis sein sollte.
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