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Introduction
It is a well-established fact that several contagious bacteria 
are the main etiological agents of mastitis. In addition to 
contagious pathogens, environmental microorganisms are also 
primary pathogens that survive and proliferate on the skin, in 
teat wounds, and in the mammary gland. Approximately 90% of 
mastitis cases are caused by different types of bacteria [1] hence, 
bacteria represent the major causative factor of mastitis.

Contagious Gram-positive bacteria, including Staphylococcus 
aureus, Streptococcus dysgalactiae, Streptococcus agalactiae, 
and Streptococcus uberis [2-5], as well as environmental Gram-
negative bacteria such as Pseudomonas spp., Escherichia coli, 
and Klebsiella spp., are important pathogenic microorganisms 
responsible for mastitis (Hillerton and Berry, 2005).

Proteomic Insights into Bovine Mastitis
Once inside the teat canal, bacteria encounter the immune 
defense mechanisms of the udder, which attempt to eliminate 
the invading pathogens [6]. If elimination fails, the bacteria 
multiply within the tissue, adhere to host cells and extracellular 
matrix components, and are ultimately internalized into various 
milk-associated cells [7,8]. Fibronectin-binding proteins A and 
B are among the most important virulence factors facilitating 
bacterial invasion into host cells. Clumping factors A and B 
act as adhesion molecules that initiate infection. Ashraf et al. 
(2017) demonstrated that clumping factor A binds to Annexin 
A2, leading to bacterial invasion of epithelial cells.

Bacterial toxins, including hemolysins, leukotoxins, exfoliative 
toxins, enterotoxins, and toxic shock syndrome toxin-1, induce 

the release of chemoattractant cytokines such as tumor necrosis 
factor-α, interleukin-8, interleukin-1, prostaglandin F2α, oxygen 
free radicals, and acute-phase proteins. These mediators promote 
the recruitment of neutrophils to the site of infection [9]. Immune 
cells engulf and destroy pathogens through multiple pathways. 
However, the released inflammatory factors can damage both 
bacteria and epithelial cells, leading to the release of marker 
enzymes such as lactate dehydrogenase (LDH) and N-acetyl-
β-D-glucosaminidase (NAGase). Most polymorphonuclear 
leukocytes (PMNs) undergo apoptosis, after which macrophages 
engulf and clear the remaining PMNs [10].

Sloughed-off mammary epithelial cells and dead leukocytes 
enter the milk, resulting in an increased somatic cell count 
(SCC). If the infection persists for an extended period, internal 
swelling within the mammary epithelium may occur, which is 
not externally detectable. Eventually, the milk alveoli become 
damaged, lose their functional and anatomical integrity, and 
ultimately lead to changes in milk quality [9].

In European countries, elevated SCC levels (>200,000 cells/mL) 
are considered an indicator of mastitis [11]. During mastitis, the 
concentrations of NAGase and LDH enzymes are also increased 
in milk. Mastitis can additionally be detected by changes in milk 
electrical conductivity or pH.

Recent advances in proteomic approaches, such as two-
dimensional gel electrophoresis (2D-GE) and mass spectrometry 
(MS), have enabled the identification of novel mastitis biomarkers. 
Smolenski et al. (2007) used liquid chromatography–tandem 
MS and 2D-GE, followed by matrix-assisted laser desorption/
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ionization time-of-flight MS, to analyze individual protein spots 
in mastitic milk samples. A pathogen recognition protein and six 
chaperonins were identified in mastitic samples, indicating their 
potential as novel mastitis markers.

In another study, mastitis-infected animal tissues showed 
upregulation of κ-casein and downregulation of cytochrome c 
oxidase and annexin V [12] Estimation of inflammation-related 
enzymes may also be useful for mastitis detection, as these 
enzymes show a strong correlation with SCC. Haptoglobin 
concentrations have been reported to increase significantly in 
both milk and plasma during mastitis and are therefore considered 
a potential diagnostic marker for mastitis [13,14]. A new study 
shows that bacterial nanosomes play significant role for in mastitis 
[15].

Occlusion 
Mastitis remains a major challenge in dairy production, with 
bacteria serving as the predominant etiological agents. Both 
contagious and environmental pathogens contribute to disease 
initiation and progression by colonizing the teat canal, evading 
host immune defenses, and establishing persistent intramammary 
infections. Interactions between bacterial virulence factors, 
including fibronectin-binding proteins, clumping factors, and 
toxins, and host mammary epithelial and immune cells drive 
bacterial adhesion, invasion, inflammation, and tissue damage.

Although the host immune response is essential for pathogen 
clearance, excessive inflammation leads to epithelial injury, 
increased somatic cell counts, and deterioration of milk quality. 
Persistent infections cause irreversible structural and functional 
damage to mammary alveoli, resulting in significant economic 
losses. Conventional diagnostic indicators such as SCC, 
NAGase, LDH, milk conductivity, and pH are useful but lack 
sensitivity for early or pathogen-specific detection.

Recent proteomic advances have enabled identification of novel 
biomarkers, including pathogen recognition proteins, chaperonins, 
κ-casein, annexin V, cytochrome c oxidase, and haptoglobin. 
Emerging evidence on nanosomes [16,17] further highlights new 
diagnostic and therapeutic opportunities for effective mastitis 
control.
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