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Nowadays udder inflammation, referred to as mastitis, is one of the biggest issues for milk producers.
This disease causes significant economic losses and has a negative impact on cows’ yields, their
welfare, as well as milk composition and technological properties. Mastitis may be caused by several
pathogens belonging to bacterial species (e.g. Streptococcus uberis, Streptococcus dysgalactiae,
Escherichia coli, Enterococcus spp. and Pseudomonas spp.), fungi (e.g. Candida spp. or Cryptococcus
spp.) or algae (e.g. Prototheca). However, staphylococci (e.g. Staphylococcus aureus, Staphylococcus
epidermidis) are some of the most common mastitis bacterial pathogens. Available information
concerning the most frequent species involved in staphylococcal mastitis is reviewed in this paper.
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Mastitis in dairy herds

Mastitis 1s a multifactorial disease that requires proper herd management
to eliminate or at least minimise its incidence in herds. Resistance of selected
bacteria (Staphylococcus aureus, Mannheimia haemolytica, Pasteurella multocida,
Streptococcus  dysgalactiae, Streptococcus uberis and Escherichia coli) to
antimicrobial agents varies among European countries, possibly due to differences
in applied treatment methods [Hendriksen et al. 2008]. Nevertheless, it is absolutely
clear that excessive antibiotic treatment in the past has resulted in greater resistance
of mastitis pathogens [Oliver and Murinda 2012, Kalinska et al. 2017]; therefore,
mastitis treatment solutions should be based on local knowledge of the resistant
strains observed in each country [Hendriksen et al. 2008].

According to several authors the frequency of clinical mastitis in different countries
is 12-30% [Riekerink et al. 2008, Mrode et al. 2012, Koeck et al. 2014, Santman-
Berends et al. 2015, Kalinska and Sldésarz 2016]. Mastitis increases production costs
and has a negative impact on milk composition and its technological properties [Halasa
et al. 2007, Biggs 2009, Kalinska et al., 2017]. Moreover, the genetic correlation
between clinical mastitis and cows’ yields is unfavourable [Heringstad et al. 2000,
Koivula et al. 2007, Negussie et al. 2008, Oltenacu and Broom 2010]. It is therefore
the most economically significant disease affecting the dairy industry [Miglior et al.
2017]. Previous studies revealed that cows suffering from clinical mastitis had lower
yields during the rest of the lactation period in comparison to healthy cows [Wilson et
al. 2004, Hagnestam et al. 2007] and if mastitis occurred before the production peak
its influence on cows’ yields was more severe [Bartlett e al. 1991, Rajala-Schultz
et al. 1999, Wilson et al. 2004]. Halasa et al. [2009] estimated the yearly costs of
mastitis in a herd of 100 dairy cows to be EUR 4896. The prevalence of subclinical
mastitis at 45% of a herd generates costs of USD 180 to 320 per case [Wilson et al.
1997], with approximately 70% of the costs associated with reduced milk production.

The first sign of inflammation in the mammary gland may be an elevated somatic cell
count (SCC). Raw milk should contain <200,000 somatic cells per 1 cm?®. The somatic
cells present in milk are white blood cells (e.g. macrophages, neutrophils) that penetrate
mammary gland tissue from the blood in order to fight the inflammation process [Miller
and Paape 1985, Akers and Nickerson 2011]. Clinical mastitis that occurs in the first
100 days of the first lactation increases the risk of culling by 34% [Hertl et al. 2017].

Even subclinical mastitis influences the costs of milk production and has a negative
impact on cows’yields. This relationship may be explained as a lack of visible symptoms
during the subclinical stage of mastitis [Hagnestam et al. 2007]. Several authors have
shown that decreased production may be observed at least a week before a mastitis
diagnosis (Lucey et al. 1986, Rajala-Schultz et al. 1999, Grohn et al. 2004, Wilson et
al. 2004, Hagnestam et al. 2007]. Therefore, particularly clinical mastitis is connected
with high production losses [Houben et al. 1993, Grohn et al. 2004].

Many authors have presented positive relationships between parity and the risk
of udder inflammation [Hagnestam-Nielsen ez al. 2009, Taponen et al. 2017]. This
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phenomenon is still not well enough understood by scientists; however, researchers
usually explain it as the impairment of leukocyte function in older cows [Mehrzad
et al. 2002, Rainard and Riollet 2006] or alterations in teat conformation that occurs
in older cows. Increasing lactation numbers may also have an impact on udder
conformation, teat end callosity and susceptibility to inflammation [Rogers 1993,
Breen et al. 2009]. The pre-milking diameter of the teat apex is also described as a
clinical mastitis risk factor and the risk is greater in cows with a lactation number >3
[Guarin and Ruegg 2016].

Mastitis may be caused by various pathogens, e.g. bacteria, fungi and algae,
which may be classified as either contagious pathogens (e.g. S. aureus, Streptococcus
agalactiae) or environmental pathogens (e.g. E. coli, Klebsiella spp.). Therefore,
mastitis aetiology varies depending on the source and route of infection. The aim
of this paper is to review the occurrence of mastitis caused by staphylococci and to
present the Staphylococcus species associated with mastitis.

Pathogenesis of staphylococcal mastitis and changes
in mammary gland tissue

Mastitis is an inflammation process in the mammary glands and usually occurs
in response to an intramammary bacterial infection. However, the infection may also
be caused by fungi or algae, mechanical injuries or thermal trauma. The occurrence
of mastitis depends on the interaction between many factors (host, agent and
environmental conditions).

Infection occurs after pathogens overcome anatomical defences (streak canal
and teat canal). If they evade the cellular and humoral defence mechanisms of the
mammary gland in a cow’s organism, a disease can develop [Sordillo and Streicher
2002]. Inflammation leads to damage in the mammary epithelium, it increases SCC,
while the alveoli lose their structural integrity. These changes also become visible
as changes in milk quality and as symptoms of clinical mastitis in the udder (e.g.
swelling, redness, pain during milking) [Zhao and Lacasse 2008]. Intramammary
infections damage the cells in mammary gland tissue, because (1) a range of cellular
and extracellular products are released by the pathogens; (2) lysosomal enzymes and
oxidative products are released from phagocytes during the phagocytosis of invading
organisms; and (3) proteases from blood and cytokines are released during the immune
response [Zhao and Lacasse 2008].

Bacteria found in the cows’ environment are responsible for 90% of mastitis cases
[Lassa et al. 2013, Taponen et al. 2017]. Poor conditions (e.g. increased stock density
of animals, high humidity in barns or dirty bedding) have a negative effect on animal
welfare, but also elevate pathogen pressure on cows. Therefore, keeping the highest
possible farm hygiene standard is the best method for mastitis prevention, which results,
among other things, in lower SCCs. Mastitis pathogens use different mechanisms to
adhere to bovine mammary gland cells, which results from their different cell specificity
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targets [Lammers et al. 2001]. Malinowski et al. [2006] suggested that milk samples
with lower SCCs (<200,000) were around 60% culture negative.

Staphylococcus aureus and coagulase-negative staphylococci (CNS) may be the
main aetiological agents of bovine mastitis [Myllys et al. 1998, Malinowski et al.
2003, Grohn et al. 2004, Malinowski et al. 2006]. However, mastitis cases associated
with CNS are characterised by lower SCCs compared to infections caused by S. aureus
[Janosi and Baltay 2004, Malinowski et al. 2006].

The probability of S. aureus intramammary infections is lower in organic farm
systems than in conventional herds [Levison et al. 2016, Taponen et al. 2017]. This
relationship has not been fully explained by scientists, but it may be associated with
more intensive culling of cows infected by S. aureus due to the farmers’ reluctance
to use antibiotic treatment. As it was reported by Taponen et al. [2017], mastitis was
the reason for culling in 24% cases in conventional herds and in 31% cases in organic
herds. Moreover, Levison et al. [2016] also pointed out that in organic herds the
prevalence of clinical mastitis was generally lower.

CNS have not been associated with milking systems, but these bacteria are
common on teat skin and in teat canals [De Visscher ef al. 2014]. The results from
studies conducted by Taponen et al. [2017] were similar to previous data [Sampimon
et al. 2009, Piepers et al. 2011] and suggested that an increased prevalence of mastitis
caused by CNS could be associated with several cow and herd-level risk factors rather
than any specific milking or housing system. Infections caused by CNS in multiparous
cows occur rather during later lactation, in contrast to their incidence before or shortly
after calving in primiparous cows [Grohn ef al. 2004, Taponen et al. 2007, Pyorala
and Taponen 2009]. However, the recovery rates after treatment are usually high in
CNS mastitis cases [Pyorald and Taponen 2009].

A different perspective may be presented for S. aureus, since mastitis caused
by this pathogen has been more common in tiestall milking than in parlour milking
systems. However, no significant difference was found between parlour milking and
automatic milking systems [Taponen ef al. 2017]. Similar observations were presented
by Riekerink et al. [2008] and Ericsson Unnerstad et al. [2009], stating that mastitis
caused by S. aureus was associated with tiestalls.

The histopathological reactions (or lesions) of lactating tissue in the case of
S. aureus mastitis were extensively studied in the previous century [Chandler and
Reid 1973, Heald 1979, Nickerson and Heald 1981, Sordillo and Nickerson 1988,
Trinidad er al. 1990b]. They are characterised, among other things, by massive
polymorphonuclear neutrophil infiltration, secretory tissue necrosis, involution of
alveolar epithelium and the replacement of secretory tissue with non-secretory tissue.
Results of a study on heifers carried out by Trinidad ez al. [1990b] proved particularly
that S. aureus infections causes necrosis of the secretory tissue and that the damaged
secretory tissue is replaced with non-secretory tissue.

Results obtained by Bannerman et al. [2004ab] revealed that different in vivo
responses to specific pathogens may be elicited by the ability of bacteria to establish
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infection, but also by the ability of the host to respond to pathogens. The initiation
of the inflammatory process is caused by the production and release of the tumour
necrosis factor, fibroblasts and interleukins. These complex interactions result in an
accumulation of polymorphonuclear neutrophils, which are the main somatic cells in
milk during mastitis [Paape et al. 2002, Baranski et al. 2005] and are predominant in
acute udder infections caused by S. aureus [Leitner et al. 2000].

What is more, S. aureus produces toxins that destroy cell membranes, damage
secretory tissue and induce necrosis in mammary glands [Chandler and Reid 1973,
Heald 1979, Nickerson and Heald 1981, Sordillo and Nickerson 1988, Trinidad et
al. 1990b]. First, the bacteria damage tissues in the teat and gland cisterns within one
quarter of the udder and later invades the duct system, where the infection can be
established in the milk-secreting cells. In the late 1990°s Bayles et al. [1998] provided
evidence that S. aureus can induce apoptosis in epithelial cells.

Staphylococci associated with mastitis

The most common pathogens isolated from the milk samples of cows that have
both stages of mastitis are streptococci, staphylococci and E. coli [Riekerink et al.
2008, Breen et al. 2009]. Grave cases of mastitis were usually connected with infections
caused by Truepella (formerly Arcanobacterium) pyogenes, S. agalactiae, coliforms,
CAMP-negative streptococci, yeasts and Prototheca spp. [Wilson et al. 1997, Leitner et
al. 2000, Lammers et al. 2001, Gréhn et al. 2004, Malinowski et al. 2006].

Pathogens associated with bovine mastitis may be described as contagious
(S. aureus, S. agalactiae and Mycoplasma bovis) or as environmental pathogens (S.
dysgalactiae, S. uberis, Corynebacterium bovis, CNS) [Reyher et al. 2012]. Various
species of staphylococci and streptococci are the most frequent mastitis bacteria
[Malinowski et al. 2006, Reyher et al. 2012, Lassa et al. 2013, Wernicki et al. 2014].

Staphylococcus aureus is one of the most common bacteria isolated from cows
suffering from mastitis [Reksen et al. 2006, Malinowski et al. 2006, Riekerink et al.
2008, Wernicki et al. 2014]. This contagious udder pathogen is well-known as a cause
of chronic mastitis [Barkema et al. 2006]. Some authors reported that infections caused
by S. aureus are mostly subclinical [Janosi and Baltay 2004, Malinowski et al. 2006].

CNS also have a negative influence on cows’ overall health [Taponen and Pyorélé
2009, Oliveira et al. 2013]. This group of bacteria can be the cause of both subclinical
mastitis [Janosi and Baltay 2004, Malinowski et al. 2006, Pyoréld and Taponen 2009]
and clinical mastitis [Malinowski et al. 2006, Koivula et al. 2007, Riekerink et al.
2008, Levison et al. 2016]. Some authors suggest that the incidence of mastitis caused
by CNS increases with increasing parity [ Taponen ez al. 2017], although reports where
CNS are more common in first-lactation cows are also available [Sampimon et al.
2009, Tenhagen et al. 2009, Pyorild and Taponen 2009]. CNS include such species as
e.g. S. chromogenes, S. epidermidis, S. haemolyticus, S. simulans, S. equorum, and S.
xylosus [Piessens et al. 2011]. Staphylococcus epidermidis has been more frequently
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isolated from human skin than from cows’ skin and this may suggest humans as a
likely source of infection [Thorberg et al. 2006].

CNS are important pathogens in cattle of all ages. Staphylococccus simulans and
S. chromogenes have been the most frequently isolated CNS species in bovine mastitis
[Trinidad ef al. 1990a, Pyorila and Taponen 2009]. Staphylococcus chromogenes has
been the major reason for infections in pre-calving heifers and primiparous cows
[Trinidad et al. 1990a, Rajala-Schultz et al. 2006, Taponen et al. 2006, Pyorild and
Taponen 2009], whereas S. simulans has been more frequent in older cows [Taponen
et al. 2006, Pyodrild and Taponen 2009]. In turn, S. hyicus and S. epidermidis were also
reported as being common CNS species in cattle [Myllys 1995, Thorberg et al. 2006].

In several studies authors have claimed that udder quarters infected with minor
pathogens (C. bovis or CNS) were more resistant to subsequent natural infections by
major pathogens (streptococci and S. aureus) [Rainard and Poutrel 1988, Schukken
et al. 1989, Lam et al. 1997]. Some authors believe that the presence of CNS (e.g.
S. chromogenes) inhibits the growth of other pathogens due to the production of
inhibitory substances [De Vliegher et al. 2004]. A similar situation was reported by dos
Santos Nascimento et al. [2005] and the authors suggested that it could be connected
with an elevated SCC or with bacteriocins (antibacterial peptides) produced by CNS.
Nevertheless, references that show that pre-calving intramammary CNS infections in
heifers increased the risk for post-calving infections with CNS, S. aureus, or S. uberis,
are also available [Parker ef al. 2007, Compton et al. 2007].

According to an analysis presented by Malinowski ef al. [2006] the level of the
SCC was connected with specific pathogens, with Staphylococcus aureus and CNS
being mainly isolated from samples with SCCs from 200,000 to 2,000,000. Therefore,
planning mastitis management should maintain or improve the udder health status of a
herd. This aspect is important not only for dairy farmers, but for the whole dairy industry
due to an increasing consumer interest in the quality of dairy products [Hogeveen et
al. 2011]. Scientists, veterinarians and experts connected with cattle breeding and
the dairy industry should encourage milk producers to develop mastitis prevention
systems. Udder inflammation will remain an important problem, but a reduction in
mastitis occurrence can bring benefits (mainly economic) to producers and other parts
of the dairy industry as well as consumers. Another positive influence in minimising
its prevalence is related with more advantageous technological properties of the milk
as well as improved animal health status and welfare.

Conclusions

Mastitis remains one of the greatest concerns for milk producers and continues
to cause significant economic losses, while also having a negative impact on cows’
yields, their welfare and milk quality. Mastitis may be caused by several pathogens
belonging to bacteria (e.g. S. uberis, S. dysgalactiae, E. coli, Enterococcus spp., and
Pseudomonas spp.), fungi (e.g. Candida spp. or Cryptococcus spp.) or algae (e.g.
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Prototheca spp.). However, gram-positive bacteria from the Staphylococcus genus
are some of the most common mastitis pathogens, such as one of the most frequent
major mastitis pathogens, S. aureus, but also the common minor pathogens belonging
to CNS (e.g. S. epidermidis, S. simulans or S. chromogenes). Coagulase-negative
staphylococci may also be the cause of clinical mastitis and their occurrence in herds
can vary depending on different factors. According to many observations and reports
an appropriate level of herd management is crucial for mastitis prevention.

13.
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