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ABSTRACT

	Mastitis is a major disease causes serious economical losses to farmer and adversely impact at national level. Due to the effect of mastitis body condition of animal is highly deteriorate along with drop in milk production. Sometimes it resulted in expelling the cow from herd. The composition of milk is seriously altered with the presence of high number of bacteria. Mastitis is a multifactorial disease caused by a variety of pathogenic organisms including bacteria, fungi and yeasts which cause inflammation and some time results in udder fibrosis. In this review we will discuss the diagnosis of mastitis and some alternative advanced therapeutic approaches. Till date antibiotics are still in use for therapeutic purpose but due to rise in incidence of multi drug resistance bacteria, alternative therapeutic search becomes need of this hour. Homeopathic treatment of udder and animal, injection of oxytocin, cytokine therapy, natural products, vitamin E therapy, cytokine therapy bacteriocin, bacteriophage therapy are now in pipeline as a alternate therapeutic agent to curb the bovine mastitis. Overall, successful management of bovine mastitis depends on a multidisciplinary and an integrated strategies combining therapeutic, clinical, hygienic, and management intervention. 
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1. INTRODUCTION
[bookmark: _Hlk217998102]
Mastitis is one of the most common infectious diseases of dairy animals. Although, the bacterial infection is the chief cause of the diseases, however, fungi, yeast, and viral causes are also occasionally associated with mastitis. The incidence as well as prevalence rates are at hike that leads to heavy economic loss for farmers and country’s economy also. Mastitis has negative effects on animal welfare as well as the dairy farm profit. Bovine mastitis is generally manifested in two forms, clinical and subclinical. Exact economic loss by subclinical mastitis is very difficult to quantify but, both subclinical and clinical forms cause significant economic losses due to degraded milk quality, culling of elite cows, drug costs, veterinary expenses, and increased labor costs for the farmer. The high yielder crossbred cows are prone for mastitis due to their high production capacity (Sinha et al., 2014). The mastitis milk is very hazardous for consumption. The dairy products, if made, from mastitis milk is very dangerous in public health concern (Aqib et al., 2021). Various predisposing factors like physiological, genetic, pathological, or environmental may contribute to the emergence of mastitis in dairy cattle. The success of therapy for mastitis is dependent on correct diagnosis, appropriateness of the route of administration, the selected drug, stage at which treatment is initiated, the severity of udder pathology, supportive treatment, elimination of predisposing factors (du Preez, 2000) and some factors relating to the mastitis-causing organisms (MCO) themselves. Despite an appropriate choice of antimicrobial, treatment of mastitis may be unsuccessful (McKellar, 1999). Insufficient contact of the antimicrobial at the site of infection is a major cause of failure in mastitis treatment (Serieys et al., 2005). A comprehensive control and preventive measures are required to fight with mastitis (Yu et al., 2025). 

1.1 Key factors of therapeutic failure in bovine mastitis 
Early detection, accurate diagnosis and prompt adaptation of therapeutic strategies are utmost importance for timely management of mastitis. However despite adopting appropriate management practices and therapeutic interventions, therapeutic failure may still occur due to several factors (Tommasoni et al., 2023). Some of the most important factors are mentioned below:
 
1.1.1 Management and iatrogenic factors
Inaccurate diagnosis, delayed initial treatment, inadequate supportive treatment, insufficient duration of treatment, improper dose, improper route of administration, partial or full insertion of the intramammary cannula, introducing new intra mammary infection (imi) through non-sterile intra mammary injectors, super-infection, re-infection, achieving clinical but not microbiological cure are the factors responsible for mastitis to occur.

1.1.2 Drug factors
Improper antimicrobial selection, the short half-life of the drug, inadequate local tissue concentration, factors that will lead to inactivation of the antimicrobial in vivo or in vitro, low bio-availability, weak passage of drug across the blood-milk barrier, high degree of milk and serum protein binding, combined use of microbicidal and microbiostatic antimicrobials are responsible for mastitis.

1.1.3 Microbial factors
Pathogenic bacteria and even commonsal bacteria in adverse condition becomes the cause for mastitis.

1.1.4 Mammary gland factors
Poorer uneven distribution and physical obstruction, udder tissue necrosis, teat canal infection, trauma, adverse effect of drugs leads to mastitis.

Antibiotics are considered as the first line of treatment of mastitis; however, the therapeutic success rate is poor due to the development of multiple drug-resistant pathogens, intracellular locations of pathogens, and inadequate drug distribution. These facts highlight the need for completely newer strategies for the treatment of mastitis and necessitate early diagnosis and treatment which can effectively manage the disease condition. In this context, the past and present knowledge on therapeutic management of bovine mastitis have been reviewed

2. Current Diagnostic techniques for bovine mastitis

2.1 Clinical signs and symptoms
The important clinical signs of mastitis are abnormalities of milk (discoloration, presence of pus, flakes, change in consistency, etc), physical abnormality of the udder (hot, swollen, painful, etc), systemic reactions (fever, anorexia and other signs of toxemia), etc. These can be evaluated clinically.

2.2 California mastitis test (CMT)
The CMT is a very useful tool to identify quarters infected with clinical and subclinical intramammary infection (IMI). The degree of CMT reaction depends on the DNA content of the milk cells, the reagent is simply a detergent and bromocresol purple is used as an indicator of pH (Chakraborty et al., 2019). The positive CMT reaction is found to correctly identify 75-80% of the cows which need the therapy.

2.3 Somatic cell count (SCC) in milk
The somatic cells are the normal infiltrators in milk from the peripheral circulation. The normal somatic cells present in the healthy milk are macrophages (66-88%), neutrophils, mononuclear cells, and epithelial cells. Milk SCC has been used extensively as an indicator of mastitis (Tommasoni et al., 2023). The level of SCC in milk depends on the species of animals, types of infection, and stage of lactation (Georgieva et al., 2018). The range of normal SCC of milk differs from species to species (cow: 2-3 x 105 cells/ml, goat. 5 to 10 x 105 cells/ml, sheep 5-10 x 105 cells/ml; mare: 100-250 x 103 cells/ml; sow: 20 x 105  cells/ml). However, high SCC in milk is not always a true indicator of mastitis. Physiologically SCC in milk depends on the stage of lactation, parturition, frequency of milking, and type of pathogen involved causing mastitis.

2.4 Milk differential leukocyte count (Milk DLC)
The differential leukocyte counting is also important to detect mastitis and know the health status of a quarter. The proportion of neutrophils as the percentage of the SCC has been proposed as a mastitis informative indicator as well as for udder health (Koul et al, 2024).

2.5 Culture of milk for isolation of microorganisms
Culture of milk sample is superior to SCC for proper diagnosis of mastitis. As per the recommendation of the international dairy Federation (IDF) and the national mastitis Council (MNC), isolation of organism and/or total bacterial count in milk samples are the standard criteria for mastitis diagnosis besides SCC (Tommasoni et al., 2023).

2.6 Enzymatic activity of milk and milk cells
The enzymatic and biochemical activities increase in milk during mastitis. During inflammation, various inflammatory cells infiltrate into the mammary gland and secrete enzymes. The most prominent enzymes are lipase, lysozyme, NAGase, beta-glucuronidase, plasmin, lactate dehydrogenase, myeloperoxidase, cyclooxygenase, lactoperoxidase, etc (Siraj et al., 2025).

2.7 The electrical conductivity (EC) of milk
The status of ionic activity and pH in milk alters during inflammation of the mammary gland. Sodium and chloride are the main electrolytes that Increase in milk during mastitis (Tommasoni et al., 2023).

2.8 Acute-phase proteins (APP) in milk
The acute phase response leads to the release of many proteins synthesized by the liver. The most sensitive APP in mammals is haptoglobin and serum amyloid A (SAA), ceruloplasmin, a-1-antitrypsin in inflammation. Haptoglobin and SAA are major acute-phase proteins in cows in any inflammation whereas, the a-1-acid glycoprotein is a moderate acute phase protein, which reacts slowly and so it is an indicator of chronic inflammation (De and Mukherjee, 2011).

2.9 Enzyme-linked immunosorbent assay (ELISA)
The ELISA test measures the antigen or antibody related to a particular pathogen present in milk or blood during mastitis. Since neutrophils are the major cellular subpopulation in mastitis, therefore detection of neutrophilic antigen is also important. The myeloperoxidase, a polymorphonuclear granulocyte antigen has been found to enhance during mastitis. An ELISA of myeloperoxidase using a monoclonal antibody against neutrophil antigen is very useful for the diagnosis of subclinical and clinical mastitis. Similarly, detection of antibodies in milk against Staphylococcal mastitis, Listeria monocytogenes mastitis, Streptococcus agalactiae mastitis, the antigen of Mycoplasma mastitis by ELISA is also useful in the diagnosis of mastitis.

2.10 Milk constituents
The biosynthesis of lactose is decreased in mammary gland inflammation. There is a strong correlation between lactose levels in milk and SCC. Lactose is proposed to be one of the most useful markers of mastitis for future.

2.11 Molecular techniques
Molecular diagnosis tools became the gold standard of mastitis detection. A confirmatory diagnosis of causative pathogen can be done rapidly with high specificity and sensitivity; high accuracy and repeatability; high screening capacity; less bias and public hazards. Molecular methods incorporate detection of DNA that can detect non-viable even inactivated pathogens. Assay may target mRNA which can detect viable pathogen. A range of techniques like PCR, Multiplex PCR, RT-PCR, PCR- ELISA, Microarray have developed which enables the amplification of the target sequences and characterize the pathogen genetically (El-Sayed et al., 2017). Certain techniques like tandem mass spectrometry and liquid chromatography combined with MALDI-TOF MS after two dimensional gel electrophoresis (2D-GE) are employed for proteomic investigations of milk during mastitis (Siraj et al., 2025). 

3. Treatment of pathogen-specific mastitis in lactating animals

3.1 Treatment of peracute Staphylococcus aureus mastitis
i. A non-steroidal anti-inflammatory drug once daily for 2-3 days
ii. Intramammary infusion of broad-spectrum antimicrobial preparation for 3-4 days
iii. Parenteral (intravenous or intramuscular) use of crystalline penicillin at a high dose for 4-6 days
iv. Intravenous administration of large quantities of electrolyte solution
v. Oxytocin may be used to promote milk down
vi. Surgical amputation of gangrenous quarter

3.2 Treatment of peracute coliform mastitis
i. Administration of broad-spectrum antimicrobial by parenteral and intramammary route
ii. Frequent removal of milk by using Oxytocin @ 30-100 units/ animal followed by frequent hand massage and stripping of milk
iii. Fluid and electrolyte intravenous use of isotonic glucose and balanced electrolytes
iv. Anti-inflammatory drugs Nonsteroidal anti-inflammmatory drug and dexamethasone @ 4.4 mg/Kg b.wt.

3.3 Treatment of Mycoplasma mastitis
i. Oxytetracycline @ 5000 mg I/V for 5 days
ii. Tylosin tartarate @ 300mg along with tetracycline @450 mg.

3.4 Treatment of Streptococcus agalactiae mastitis
i. Administration of Procaine Penicillin G @100000 units BID for 3 days
ii. Broad-spectrum antimicrobial agents can also be used.

4 Alternative advanced therapeutic approaches

4.1 Homeopathy
Homeopathy in the treatment of mastitis has some beneficial effects in food-producing animals without any residue effects in milk and milk products (Keller and Sundrum, 2018, Hektoen et al., 2004). A promising therapeutic effect of homeopathic preparations such 35 Healwell VT-6 (a combination of Phytolacca, Calcarea fluorica, Silica, Belladonna, Bryonia, Arnica, Conium, and Ipecacuanha) in mild and moderate clinical mastitis was recorded (Varshney and Naresh, 2005). Use of homeopathic drugs contributes in increased recovery rate and decreased somatic cell count (Priyanka et al., 2025). A 28% bacteriological cure rate and 14-18% total cure rate with normalized somatic cell count has been reported in homeopathy treatment against bovine mastitis. But this homeopathic treatment though gives positive result but it takes much longer time for recovery and to cure the infection.

4.2 Oxytocin
The exogenous administration of oxytocin washes out residual bacteria-laden milk and helps in the elimination of infection as an adjunct therapy. Oxytocin reduces the numbers of bacteria significantly in bovine staphylococcal mastitis. Excess use of oxytocin may cause residue problems in milk (Hillerton and Semmens, 1999; Knight et al., 2000)

4.3 Ozone
Ozone destroys pathogens and toxins by oxidation and thus enhances the phagocytosis of leukocytes. Ozone also has anti-inflammatory action depending on the concentrations. Ozone is used as therapy for mastitis in livestock. Ozone works faster and sometimes only a single treatment can cure the inflammation of udder. For the intramammary application of Ozone 30, 60 up to 120 ml or more, as tolerated at a concentration of 120µg/mL is used and repeated for every 10 minutes up to a total of six times (Aguirre et al., 2019: Ogata and Nagahata, 2000) is advisable.

4.4 Natural products
The development of natural product-based therapy against mastitis is gaining importance to reduce the burden of routine antibiotic therapy. Both intramammary and topical herbal preparations are found to be effective against mastitis. The intramammary infusion of Ocimum sativum, Tinospora cordifolia, Phyllanthus emblica, Azadirachta indica, Withania somnifera extracts have exhibited good therapeutic response against bovine subclinical and clinical mastitis ((De and Mukherjee, 2009, Mukherjee et al., 2010a, Shafi et al., 2020), Similarly, a promising therapeutic efficacy of Panax ginseng extract has been reported in bovine mastitis when it is used as an intramammary or systemic (subcutaneous) route (Baravalle et al., 2011). 

4.5 Lactoferrin (LF)
Lactoferrin, an iron-binding protein, is bacteriostatic and prevents the growth of bacteria, such as staphylococci and coliforms, which require iron for its growth. The antimicrobial function of LF is mediated by interfering in utilization of iron by bacteria and it enhances killing by phagocytes by preventing the production of dismutase, a bacterial enzyme that inactivates superoxide radicals. The LF in combination with antibiotics potentiates the therapeutic efficacy of antibiotics in clinical mastitis caused by Staphylococcus aureus on drying cows. Similarly, the intramammary infection caused by beta-lactam antibiotics resistant Staphylococcus aureus can be effectively treated by bovine LF along with penicillin (Kai et al., 2002; Shimazaki and Kawai, 2017).

4.6 Lysozyme
Lysozyme is a bactericidal protein that present in milk and functions by cleaving peptidoglycans from the cell wall of Gram-positive bacteria as well as the outer membrane of Gram-negative bacteria. Lysozyme may enhance the binding of lactoferrin to bacterial cell walls. The intramammary expression and therapeutic effect of a human lysozyme-expressing vector for treating bovine mastitis have been documented. Similarly, treatment of acute mastitis with intramammary injections of lysozyme in cows is evident (Sun et al., 2006; Smulski et al., 2020).

4.7 Lactoperoxidase
Lactoperoxidase, is bacteriostatic for Gram-positive and Gram-negative bacteria in the presence of thiocyanate and hydrogen peroxide. However, several factors can alter the effectiveness of this system in the mammary gland epithelial cells. The lactoperoxidase-thiocyanate- hydrogen peroxide system exerts its antibacterial properties through the production of hypothiocyanate, a reactive metabolite from the oxidation of thiocyanate. Similarly, lactoferrin also shows bacteriostatic activity but also bactericidal and antifungal. The bacteriostatic activity is due to iron ion chelation by apo-lactoferrin but lactoferrin shows several ways to suppress bacterial growth. A promising therapeutic effect of lactoferrin has been reported in clinical, subclinical, and chronic bovine mastitis (Shimazaki and Kawai, 2017).

4.8 Cytokine therapy
Recombinant cytokine therapy is also an option for the treatment of bovine mastitis owing to its immunostimulatory effect on udder immunity. Augmentation of the bactericidal effect of some antimicrobials by cytokines (IL-2, IFN-C, GM-CSF), is attributed to the substantial mobilization of innate and adaptive immunity. Clinical trials of various recombinant cytokines (rb IL-1beta, rbIL-2, rbIL-8, rboGM-CSF rb TNF-alpha) in the prevention and/or treatment of some pathogen-specific mastitis have been reported. The major limitation of cytokine therapy is that the stimulated immunity failed to show any protective effect in experimental or natural mastitis. Cytokines can be used for diagnosis as well as for therapeutic purpose (Mukharjee and Sahu, 2010).

4.9 Vitamin and Micronutrients
Alpha-tocopherol is a lipid-soluble compound. The best-understood role of vitamin E in animal health is as a biological antioxidant in mammalian cell membranes, protecting against free radicals. Vitamin E as well as Se, have important and complementary roles in the prevention of oxidative cell damage. Vitamin E decreases in the blood content as parturition approaches and remains low for several days after parturition (Weiss et al., 1997), Vitamin E concentration of serum depends on the concentration of total serum lipoprotein, which is reduced around calving. Evidence indicates that vitamin E deficiency around calving may lead to increased incidence of diseases like retained placenta, metritis, and mastitis. Several reports have documented the positive effects of vitamin E on the functions of certain immune cells. Insufficient contents of trace elements in ruminant diets have been related to low disease resistance. Micronutrients such as selenium (Se), cobalt (Co) and zinc (Zn) have been reported to influence different aspects of the immune system (Paterson and MacPherson, 1990).

4.10 Bacteriophage (Phage) therapy
Phage therapy has a wide range of veterinary applications such as neonatal E. coli infections, Salmonella infections, Campylobacter infections, ETEC infections in calves, pigs, and chickens. A novel phage which is effective against Escherichia coli has been evaluated for its possible use in bovine mastitis. Information on phage therapy in bovine mastitis is very limited in modern literature (Angelopoulou et al., 2019, Vander et al., 2020; Titze et al., 2020). Lysogenic bacteriophage having lytic activity towards bacteria gives promising result during in-vivo and ex-vivo studies (Cho et al., 2025). Phages are host specific whereas use of a single phage is not much useful in contrast to that, administration of phage cocktail to cover a wide pathogen range is advocated (Imklin et al., 2024). The result of phage cocktail is promising in many researches for treatment of bovine mastitis. 

4.11 Bacteriocin
Current trend in mastitis research indicates the therapeutic application of bacteriocins against mastitis. Bacteriocin is an alternative to antibiotics for safe antimicrobial therapy against infectious diseases. Ribosomally synthesized polypeptides called bacteriocins (or bacteriocin-like substances) have a broader spectrum of activity and some are even active against Gram-negative species. Apart from bacteriocin, some microbial cell wall-derived immunomodulators are also found effective against bovine subclinical mastitis (Mukherjee et al., 2004, De and Mukherjee, 2013). To date, only the Lactococcal bacteriocin, nisin, has been developed and commercially available for the treatment of mastitis. Some workers evaluate the efficacy of bacteriocin (Raheel et al., 2023). The major advantage of such therapy is that it does not require any milk withdrawal period in mastitis as digestive enzymes easily destroy the peptides of bacteriocin (Mukherjee et al., 2010b: Godoy-Santos et al., 2019. Zaatout et al., 2020: El-Sayed and Kamel, 2021).

4.12 Nanotechnology
Recently, nanotechnology-based approaches provide promising results to prevent drug-resistant infections. A small number of studies have reported the use of nanoparticle (NP) coated surfaces as biofilm inhibiting agents. As regards mastitis, effects of silver nanoparticles-based alternative therapy have been reported against mastitis due to multiple drug-resistant strains of Staphylococcus aureus and Pseudomonas aeruginosa. Further, the synergistic effect of silver nanoparticles with neomycin or gentamicin antibiotics on mastitis-causing Staphylococcus aureus has been reported. Bovine mastitis due to E. coli is highly susceptible to ciprofloxacin when it combines with AgNPs (silver nanoparticles) (Hozyen et al., 2019, Kalinska et al., 2019, Yadav et al., 2020; El-Aziz et al., 2021).

4.13 Vaccines for mastitis
Vaccine for mastitis is needed, on top priority basis. Vaccination around calving and during dry period may provide much immunity, also at that time immunization power is high (Aqib et al., 2025). The first commercial vaccine against E. coli mastitis is J5 vaccines derived from whole antigens of a mutant strain of E. coli 0111:B4 (Hoganet al., 1992). It has some limitations such as lack of a long-term immune response, requires repeated boosters, and is very labour-intensive. Similarly, for immunization against Staphylococcus aureus mastitis, bacterin-based vaccines composed of a mixture of inactivated Staphylococcus aureus strains have been reported but, it confers a very strong short-term protection and limited capacity to prevent new infections. A killed Staphylococcus uberis vaccine is found to be effective in reducing bacterial load in milk from animals experimentally induced Staphylococcus uberis mastitis. However, these vaccines are not yet in common use because of some limitations. Another constraint is the multiple etiopathology; mastitis is not caused by a single etiology so It is not possible to develop a vaccine against each pathogen. At present, there are no commercial vaccines available against mastitis (Dosogne et al., 2002; Misra et al., 2018, Deb et al., 2013, Cote-Gravel and Malouin, 2019). 

[bookmark: _GoBack]5. conclusion

Mastitis, caused by multiple etiological agents, and is one of the costly diseases in milk-producing animals. Either in clinical form or in subclinical form; mastitis is creating problematic situation. From a long time the effective and fixed treatment option is not available. Due to mastitis the production and quality of milk are severely compromised even in highly productive animals. Although, antimicrobial therapy is the only option of mastitis treatment, however, use of excessive antimicrobials always raises a question about drug resistance, cleanliness, withdrawal period, and purity of milk. Extensive research on mastitis over a few decades indicates developments of many therapeutic strategies against mastitis alternatives to antibiotics; however, they suffer from some limitations also. Strategic approach is needed while combining different measure for treatment of mastitis in dairy animals. The clinical, management, and hygienic parts, all have to take under consideration so that pathogen could be quickly eliminated. Ultimate objectives of any strategy must be directed towards reduction in microbial load, decrease of residue level upto permissible limit, inhibition of antibiotic resistance, and safety of milk and milk products to human health.
Among the various therapies mentioned here, cytokines, bacteriocins and bacteriophages could be useful to prevent mastitis. Although the vaccine can serve the purpose, it suffers from some limitations such as multiple etiological factors and duration of immunity in hosts. Herbal therapy is also another area with good scopes; however, further research is needed on residual effects of plant metabolites in milk, safety, and toxicity on hosts. However, treatment is not only the ultimate solution to reduce the incidence and prevalence of mastitis; management strategy is also equally important in farm conditions. Therefore, it is firmly felt that diagnosis and treatment at right time with effective and safe drug, optimum management, and standard ration in-and-around parturition is the cornerstone for management of mastitis in any dairy farm. An integrated approach is needed to fight the problem of bovine mastitis.
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