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Mastitis is one of the most prevalent and economically important diseases affecting dairy animals worldwide. Epidemiological surveys conducted in different countries report comparable prevalence rates, with approximately 25% of udder quarters infected as detected by indirect diagnostic tests and an overall morbidity rate of nearly 40% among dairy cows. The disease occurs in both clinical and subclinical forms, with subclinical mastitis representing the greater proportion of cases and often remaining undetected for long periods. A wide range of microorganisms have been implicated in mastitis, including bacteria, fungi, mycoplasmas, and certain algal species. However, the majority of infections are attributed to a relatively small number of bacterial pathogens. Mastitis significantly alters milk composition by reducing yield and affecting key components such as milk protein, lactose, and fat content, thereby compromising both quality and processing characteristics. The economic impact of mastitis is substantial, particularly in developing dairy sectors. In India, annual financial losses due to mastitis have been estimated at approximately 2.37 thousand crore rupees, with more than 70% of these losses attributed to subclinical mastitis. These losses arise from decreased milk production, treatment expenses, discarded milk, reduced animal productivity, and premature culling, highlighting the urgent need for effective prevention and control strategies.
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Introduction 

All livestock involved in the dairy sector should consider two extremely important factors when it comes to dairy cattle: mastitis and milk output. The production of milk is the most significant activity, and the most notable ailment is mastitis. More often than not, environmental or infectious pathogenic microorganisms, such as Gram-positive and Gram-negative bacteria, algae, and mycoplasmas (Zadoks et al., 2011) are the cause of mastitis, an inflammatory condition of the mammary tissue that causes trauma and various metabolic and physiological changes (Oviedo-Boyso et al., 2007).
Mastitis has been known to significantly lower productivity, affect the quantity and quality of milk produced, and result in the culling of animals at an inappropriate age. The disease is one of the most expensive and significant issues plaguing the dairy industry globally, with most estimates indicating a 15% drop in production per cow/lactation and a 30% reduction in productivity every affected quarter. Furthermore, a cow may produce 10% to 12% less milk during a single lactation if one quarter is sick (Radostits et al., 2007).
Mastitis, the most severe disease affecting dairy animals, is a complicated, multifactorial condition. Bovine mastitis causes significant financial losses, primarily as a result of lower milk yield, lower milk quality, higher production costs, medication costs, milk that is thrown out during and shortly after treatment, lost milking days, lower milk prices, higher labor costs, and higher culling-related recruitment costs. Therefore, the goals of this review paper are to examine several important features of mastitis and its economic significance, as well as to highlight the impact of mastitis on dairy animal productivity.

Prevalence of mastitis in dairy cows
Alongside the emergence of new, highly milk-producing cow and buffalo breeds, mastitis is becoming more common in Asia. Unsanitary milking practices, delayed and insufficient treatment of clinical and chronic mastitis, lack of awareness, and delayed disease detection in the absence of obvious symptoms of abnormal milk are some additional factors that have been found to contribute to the disease's increased spread (Sharma et al., 2012). Many dairy cows worldwide suffer from the illness known as mastitis. Regardless of the etiology, assessments of the occurrence of mastitis in most countries reveal comparable figures, such as a quarter infection rate as determined by an indirect test of around 25% and a morbidity rate of about 40% among dairy cows (Radostits et al., 2007).An annual basis 3 of every 10 dairy cows have clinically apparent inflammation of the mammary gland of the affected cattle, 7% are culled and 1% dies as a sequence of the disease (Smith, 1996).

According to Kaur and Chawla (2002), subclinical mastitis is 15–40 times more common than clinical mastitis. Cynthia (2005) states that whereas the percentage of quarters with SCM varied from 5 to 40%, the percentage of SCM instances ranged from 15 to 75%. The estimates for five states were 53.52%, 51.18%, 39.58%, 62.49%, and 35.11%, respectively: Punjab, Haryana, Uttar Pradesh, Madhya Pradesh, and Maharashtra. Punjab and Haryana had a harmonized prevalence of subclinical mastitis on a cow-basis, according to an examination of state-wise prevalence data (Bangae et al., 2014). Busato et al. (2000) reported that on accredited dairy farms, the prevalence of subclinical mastitis at the quarter level was 21.2% for lactation periods between 7 and 100 days and 34.5% for 01 to 305 days postpartum.Varshney and Narsh (2004) reported that, in comparison to clinical mastitis (1–10%), the prevalence of subclinical mastitis was higher in India, ranging from 10–50% in cows and 5-20% in buffaloes.


Major causative agents: contagious and environmental pathogens

Many species of common bacteria, fungus, mycoplasmas, and algae can cause mastitis (Batavani et al., 2007). Only a few species of bacteria are responsible for the majority of occurrences of mastitis. Mastitis pathogens are classified as either ambient or contagious (Kivaria, 2006). The mammary gland of the cow is home to infectious microorganisms that thrive there and transfer from cow to cow, mostly during milking. Mastitis is caused by contagious bacteria such as Mycoplasma spp., Staphylococcus aureus, and Streptococcus agalactiae. in addition to Corynebacterium bovis (Radostis et al., 2000).
In general, intra-mammary infections (IMI) caused by pathogens whose main reservoir is the cow's living environment are referred to as environmental mastitis (Smith et al., 1985). Gram-negative bacteria like Escherichia coli, Klebsiella spp., and Enterobacter spp., as well as streptococci other than S. agalactiae, sometimes known as environmental streptococci (mostly S. uberis and S. disgalactiae), are the most commonly isolated environmental pathogens. (1999, Hogan et al.). Another significant cause of mastitis is mycotic infections. According to an unpublished study cited in a publication by Kivaria and Noordhuizen (2007), 90% of Tanzanian small-scale dairy producers were ignorant of the causes of mastitis and hence did not know how to prevent the illness.

It is important to remember that contagious mastitis prevalence is considerably influenced by the milking procedures followed by milkers. Thus correct milking procedures such as milking mastitic cows last, and proper sanitation of utensils, milker’s hands and udder before milking could help to improve the situation. The frequency of isolation of coliforms (E. coli, Enterococcus faecalis, etc.) and other micro-organisms causing environmental mastitis is usually directly influenced by unhygienic housing conditions (Mekonnen and Tesafaye, 2010). Many studies from Asian countries have reported that S. aureus is the chief aetiological agent of mastitis in cattle and buffaloes (Sharma et al., 2007; Rahman et al., 2010; Ali et al., 2011).


Effect of mastitis on milk composition

Milk undergoes significant modifications due to mastitis. The quality of dairy products suffers as casein, the main milk protein with the highest nutritional value, decreases and lower-quality whey proteins rise. Increased vascular permeability allows serum albumin, immunoglobulins, transferrin, and other serum proteins to enter milk. According to Jones (2006), higher SCC raises serum albumin and immunoglobin concentrations, which decreases the heat stability of mastitis milk and results in worse grade scores after storage due to pasteurization. Additionally, there is less calcium absorbed from the circulation into the milk, which leads to mastitis milk's poor coagulation properties. According to Haenlein et al. (1973), when SCC in milk above 500,000/ml, the amount of casein significantly decreased.
Before milk is removed, plasmin and enzymes produced from somatic cells can seriously harm the udder's casein. Mastitis raises the conductivity of milk and raises the levels of salt and chloride. Since casein is responsible for the majority of the calcium in milk, its disruption results in a decrease in potassium, which is typically the most abundant mineral in milk. One significant contributing element to the decreased acidification qualities of milk with elevated SCC with the addition of starter cultures is the decreased lactose concentration (Schallibaum, 2001). Jones (2006) contrasted a number of normal milk components with those of mastitis milk with elevated SCC.
In an investigation, Bagri et al. (2018) screened 80 nursing cows at a dairy farm for subclinical mastitis through an ultrasonic ekomilk milk analyzer instrument was used to examine the milk samples. The degree of mastitis had a substantial (p>0.05) impact on the chemical characteristics of milk samples. While subclinical mastitis milk samples showed significant increases in pH and acidity when compared to normal milk samples, subclinical mastitis milk samples showed significant decreases in fat, protein, lactose, solid not fat (SNF), and total solids percent when compared to normal milk samples from cows that were not afflicted with mastitis disease.

Types of Mastitis
Mastitis may be classified as clinical or sub clinical depending on the degree of inflammation (Philpot and Nickerson, 1991).
Clinical Mastitis
Any deviation in the milk and/or udder that a farmer notices is considered clinical mastitis. It is a mammary gland inflammation that manifests as udder and milk alterations that are extremely noticeable. It is typified by anomalies including milk discolouration, redness, elevated body temperature, discomfort, and disruption of function (Radostits et al., 2007). Clinical types of mastitis can be further divided into mild, acute, per acute, and chronic categories based on how severe the inflammatory reaction is. All dairy herds can develop clinical mastitis, including those that are well-managed based on the somatic cell count level. High milk production cows may also have a high incidence of clinical mastitis (Hogain et al., 1990). The most  important bacteria that cause clinical mastitis  are Staphylococcus aureus, Escherichia coli,  Klebsiella spp, Streptococcus uberis and Streptococcus dysgalactiae. 
Sub Clinical Mastitis
Inflammation of the mammary gland without obvious macroscopic lesions in the udder or its secretion, but characterized by the presence of pathogenic bacteria and an abnormally high number of somatic cells in the milk, is referred to as subclinical mastitis (Radostits et al., 2007; Harmon, 1994). Subclinical mastitis is considered one of the most economically significant diseases in dairy herds because it often goes unnoticed while continuously reducing milk yield and quality. Unlike clinical mastitis, there are no visible signs such as swelling, redness, heat, pain, or changes in milk appearance. However, the infection persists within the mammary tissue, leading to decreased lactose production, altered milk composition, and increased levels of enzymes and proteins associated with inflammation. The condition is commonly detected through indirect diagnostic tests, particularly the measurement of somatic cell count (SCC) in milk. Elevated SCC serves as an indicator of the immune response within the udder, as leukocytes migrate into the mammary gland to combat invading pathogens. Tests such as the California Mastitis Test (CMT) and electronic cell counting are widely used tools for identifying affected animals in dairy farms. Early detection is essential to prevent the spread of infection within the herd. A variety of microorganisms are implicated in subclinical mastitis, including contagious pathogens such as Staphylococcus aureus and environmental organisms like Escherichia coli and Streptococcus species. Transmission may occur during milking through contaminated equipment, poor hygiene practices, or from the environment. Effective control strategies involve maintaining proper milking hygiene, routine screening of milk, dry cow therapy, culling chronically infected animals, and implementing sound herd health management practices.

Environmental Mastitis
Environmental mastitis is a form of intramammary infection that originates from pathogens present in the cow’s surroundings rather than from cow-to-cow transmission during milking. It is commonly associated with environmental bacteria such as Escherichia coli, Streptococcus uberis, and other coliform organisms. Contaminated bedding, manure, muddy lots, and poorly maintained housing conditions serve as major reservoirs of these pathogens (Pretorious, 2008). The primary cause of this type of mastitis is exposure to a contaminated environment, particularly manure-soiled areas. Coliform bacteria can easily enter the udder and teat canal when dairy cows lie down in confined spaces heavily contaminated with fecal material. The risk is especially high immediately after milking, when the teat sphincter remains relaxed and more susceptible to bacterial penetration. Moisture, inadequate ventilation, and poor sanitation further increase bacterial growth and infection pressure. Environmental mastitis often presents as acute clinical mastitis, sometimes with severe systemic signs such as fever, reduced appetite, and a sharp drop in milk production, particularly in cases involving E. coli. Prevention focuses on maintaining clean, dry bedding, proper manure management, good ventilation, pre- and post-milking teat hygiene, and ensuring cows remain standing for a period after milking to allow teat canals to close. Effective environmental management is therefore critical in reducing the incidence of this form of mastitis.

Diagnosis of mastitis
Clinical examination
Clinical examination of the udder is an essential step in the diagnosis of mastitis. Each quarter of the udder is carefully observed and palpated to detect abnormalities in size, shape, symmetry, and consistency. The examiner assesses for signs such as swelling, heat, pain on palpation, induration, fibrosis, or other indications of inflammation. Any deviation from the normal soft and uniform texture of the udder tissue may suggest underlying pathology (Radostits et al., 2000).
Palpation is performed systematically to compare all four quarters, noting differences in firmness or the presence of nodules and thickened areas. The supramammary lymph nodes may also be examined for enlargement, which can indicate an inflammatory response. Observing the animal’s behavior during palpation, such as signs of discomfort or restlessness, provides additional information about the severity of the condition.
Milk examination is equally important in clinical assessment. Foremilk from each quarter is stripped onto a dark surface to evaluate its appearance. Abnormal findings may include discoloration, blood-tinged milk, watery consistency, clots, flakes, or the presence of pus. These visible changes in milk, together with udder abnormalities, help confirm the diagnosis and guide appropriate treatment and management decisions.
SCC or somatic cell count
 SCC measurement is frequently used to track the health of udders. SC is a typical component of milk and only becomes problematic when it becomes excessive. The crucial element can be identified when paired with the results of bacteriological cultures. They include primary leucocytes when SCC is increased. SCC rises significantly during inflammation as a result of PNM entering milk. Less than 100,000 cells per milliliter should be present in a cow's healthy udder quarter (Hamann, 2002). According to Smith et al. (2001), an infection is indicated by a level greater than 200 000 cells ml.
Measurement of pH
The pH of normal milk ranges from 6.5 to 6.7. Using sodium hydroxide as a reagent, this number is about equivalent to the blood's tendency toward alkalinity when infection is present (7.2–7.4) (Andrews et al., 1992). The process involves either depositing five drops of milk on a slide, adding one drop of sodium hydroxide, and shaking for fifteen seconds, or using a tube with ten milliliters of milk, adding two milliliters of standard sodium solution, shaking, and observing the outcome. & read on a black background in the tube, the creation of floccules on the slide gives the impression of gelatin (Chipper, 2000).

California Mastitis Test (CMT)
CMT is a quick, easy, and affordable mastitis screening test. The foundation of this test is a gelling reaction between the reagent and the cells' nucleic acid (Andrews et al., 1992). 
Milk Bacteriology 
Bovine mastitis has traditionally been diagnosed in the lab by inoculating a standard volume of hygienically collected milk agar culture medium. The bacterial growth that results is monitored, measured, and examined. Actually, a lot of people utilize milk culture to assess the health of the udder. It is now the gold standard for diagnosis (Radostits et al., 2007).
Zoonotic significance 
There is a risk that bacterial contamination of milk from mastitis-affected cows could make the milk unfit for human consumption by resulting in food poisoning, disrupt the production process, or, in rare instances, act as a conduit for the disease's transmission to people. This is one way that TB, streptococcal, and brucellosis can spread (Radostits et al., 2007).
Due to the significant impact on public health and the altered composition of milk from mastitis-affected animals, efforts are being conducted worldwide to reduce bovine mastitis. These could negatively impact milk's appropriateness for processing as well as the caliber of the processed goods derived from it. A cow's ability to secrete milk is frequently permanently impaired to some extent by mastitis. A growing number of milk processing facilities and businesses are paying significantly less for milk with a high SCC than for high-quality milk because milk from cows with clinical mastitis is unmarketable and milk from cows with sub-clinical mastitis is of lower quality (Norman Christopher, 2004).

Financial loss as a result of mastitis
 According to Dua (2001), mastitis caused INR 6,053.21 crore in economic losses in India, with sub-clinical mastitis accounting for the majority of losses (70–80%), or about INR 4,365.32 crore. Varshney and Naresh (2004) reported that compared to clinical mastitis (1–10%), subclinical mastitis was more frequent in India (ranging from 10–50% in cows and 5–20% in buffaloes). Mastitis caused the dairy industry in India to lose over 2.37 thousand crore rupees annually.
About 70% of this loss was caused by sub-clinical mastitis. According to NDRI data, mastitis was expected to cause an annual economic loss of INR 7165.51 crore. According to Sinha et al. (2014), crossbred cows suffered economic losses of INR 592.87 per lactation from subclinical mastitis and INR 700.18 per lactation from a reduction in milk supply.


Mastitis prevention strategies 
The highly novel concept of vaccination, which targets the distinctive structural components of invasive species, has been the subject of much research in recent years. The majority of mastitis vaccinations don't produce lasting immune reactions. Hygienic management practices, antibiotic treatments, teat dipping sealants, and intra-mammary devices are just a few of the several ways to prevent bovine mastitis. However, giving antibiotics is a major part of the treatment for cow mastitis. The disadvantage of using antibiotics is that they may leave residues in the milk, and if they are not taken as directed, bacteria may change and develop resistance to the antibiotic (Bradley, 2002). Furthermore, depending on the type of infection, antibiotics may not always be enough to eradicate it.
A possible alternative to lessen the issues brought on by infectious-contagious diseases is the selection of disease-resistant animals and the integration of this feature in herds, in addition to proper herd management and hygienic care. Utilizing animals that are resistant to a specific disease lessens the need for medication, which lowers the levels of environmental and product contamination. Thus, it is advisable to promote the selection of more resistant animals in order to incorporate genes that confer resistance.
The use of molecular markers in genetic improvement programs is one method used to choose animals that are resistant to disease. Studies of gene expression stand out among the many methods that can be used to find these markers. By elucidating the functions of the corresponding genes, these investigations produce insights into the genetic and metabolic mechanisms of resistance. Recent years have seen the development of novel techniques for using gene networks to find genes of interest (Chen et al., 2008; Reverter and Fortes, 2013).

Conclusion 

In conclusion, mastitis is a complicated, multifactorial illness that is still the most expensive condition affecting dairy animals and the most common production disease in dairy herds globally. It significantly alters the amount and quality of milk produced. Numerous economic losses are caused by bovine mastitis, primarily as a result of decreased milk yield, lower milk quality, higher production costs, medication costs, milk that is discarded during and soon after treatment, lost milking days, lower milk prices, increased labor costs, and higher recruitment costs as a result of culling. Bovine mastitis can be prevented by a variety of methods, including as intramammary devices, antibiotic treatments, teat dipping sealants, and hygienic management practices.
The selection of disease-resistant animals and the integration of this characteristic in herds is a viable alternative to lessen the issues brought on by infectious-contagious diseases, in addition to proper herd management and sanitary care. In most developing nations, farmers are unaware of subclinical mastitis and the significance of udder health; in most nations, there are no specific national programs to control mastitis; and in most countries, there is a lack of information regarding the disease's economic impact. These all suggest that future efforts to prevent and reduce mastitis in dairy animals must be coordinated.
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