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ABSTRACT

Bovine mastitis is a major setback in the dairy industry causing huge economic loss to the
dairy farmers. This disease is mainly the inflammation of mammary gland which may be
acute and chronic. Mastitis can be either clinical (showing prominent symptoms) or sub-
clinical (no visible symptoms found). The milk yield is reduced drastically after the cow
suffers from mastitis. Besides the low milk yield, reproductive performance is also affected
with infertility and abortions occurring in the affected animals. Antibiotics therapy is the
existing therapy so far which has many drawbacks. The antibiotic residue come through
the milk and enters the human food chain, besides the antibiotic resistance developed by
the microorganisms. Some alternative therapies like phage therapy, nano-particle based
therapy, bio-therapeutics have come into existence which need further research. Proper
management of the disease and the animals with prompt treatment can reduce the loss
rendered by the dairy farmers in future.
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1. INTRODUCTION

Bovine mastitis (mammary gland inflammation) is a disease of the mammary gland causing
severe loss in the dairy industry as there is drastic reduction in the milk yield and rarely the
affected cow regains its lactogenic potential (Supa-Amornkulet al,. 2019; Liang et al., 2017;
Vigueir et al., 2009; Wall et al., 2005).1t is called the most expensive disease for the dairy
farmers throughout the World (Zandkarimi et al., 2018). The financial loss is found to the
tune of approximately 35 billion US Dollars per year (Hertl et al., 2010). The biological and
environmental agents are responsible for this disease and the affected cattle show changes in
their body physiology and behavior. The cows show low pregnancy rates, abnormalities in
estrous cycle, and early embryonic death (Jamali et al., 2018).

Many microbial agents are responsible for this disease. Bacterial, fungal, and algal
agents are responsible for the mastitis and it is found 90 % of the mastitic cases are caused
due to environmental bacteria (Kalinska et al., 2017). Staphylococcus aureus is found to be
the most common microorganism in mastitis. This microbe can reside in the mammary gland
for long time causing chronic disease, and showing least response to the treatment (Sender et
al., 2017; Misra et al., 2018). Besides, subclinical mastitis poses serious concern as the
symptoms are not visible although the cows suffer from the infections. Antibiotics are used
rampantly for the mastitis treatment and now time has come to take a break and think
alternate strategies to tackle the issue. Antibiotics therapy has led to emergence of antibiotic
resistance, carryover of antibiotic residues in milk and many other health problems. Proper
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management of animals and early diagnosis of the disease can help prompt treatment of the
disease and cause minimal loss to the farmers.

Causative microorganisms

BesidesStaphylococcus aureus, Streptococcus agalacteae, Streptococcus uberis, Escherichia
coli, Serratia marcesens, Serratia liquefaciens are also responsible for this disease. E. coli is
found to have very important role in the clinical mastitis of dairy cattle (Shpigel et al. 2008).
Recently, a study by Filioussis et al. (2020) revealed the existence of multi-drug resistant E.
coli which is mcr-1 positive (colistin resistant) and also produces beta lactamase (extended -
spectrum beta lactamase producing E. coli), isolated from bovine mastitic sample. This
clearly shows the growing resistance developed by the microorganisms against the antibiotics
therapy. Another microorganism Serratia marcesens and Serratia liquefaciens are also found
affecting the mammary gland and complicating the mastitis disease (Schukken et al.,2012).
Besides, their availability in the mastitic sample, they were also isolated from environment
such as milking parlour, cow dung, animal beddings etc. They have the ability to produce
heat resistant enzymes, enabling them to spoil the milk during processing (Friman et al.,
2019). Although the Serratia species cause mastitis, the S. liquefaciens sub species has
beneficial effects in milk products processing due to their proteolytic activity which aids
ripening of raw milk cheese products (Morales et al., 2003).The other causative
microorganisms are Pseudomonas spp., Corynebacterium, Mycoplasma, Mycobacterium
tuberculosis (Kulkarni and Kaliwal, 2013). The microorganisms are generally found on the
udder or surface of the teats and infection generally occurs during milking. Besides, the
pathogens are also found in the saw dusts and beddings of the cows, manure, and the soil.
The environmental microorganisms which cause the mastitis are generally opportunistic in
nature and infect the animals when their immune system is compromised (Schukken et al.,
2005). Mastitis caused by Pseudomonas aeruginosa is found to be contaminated through
water as endotoxaemia occurs as in the coliform mastitis. Another species such as Nocardia
asteroides contaminates through soil (Kulkarni and Kaliwal, 2013). Bovine mastitis can also
happen by microorganisms like Bacillus cereus, Streptococcus pyogenes, and Streptococcus
pneumoniae which infect less frequently.

Biofilm production

Biofilms are the clusters of bacterial cells grown in an enclosed matrix produced by the
bacteria themselves. Biofilms are produced due to genetic and physiological changes in the
bacteria and in this mode of growth the bacteria become less sensitive to antibiotics therapy
and also show tolerance to opsonophagocytosis (Stewart and Costerton 2001). Additionally,
the biofilm induces the release of lysozymes enzymes by host tissue phagocytes and
production of reactive oxygen and nitrogen species (Hermeyer et al., 2011). As the biofilms
existing in the mammary gland show less response to antibiotics therapy, it becomes difficult
to eradicate the disease and causing economic loss to the farmers. It is observed sub optimal
dose of antibiotics induces the biofilm production (Costa et al., 2012). Additionally, biofilm
production is influenced by milk composition, and it was found decrease of pH induces
biofilm production (Atulya et al., 2014). The microorganisms which have shown ability to
produce biofilms in clinical mastitis and subclinical mastitis are S. aureus, E. coli, E. faecalis,
S. uberis, S. dysgalactiae, and S. agalactiae (Gomes et al., 2016).

Drawbacks of antibiotics therapy

Antibiotics therapy is the main therapy at present (Petitclerc et al., 2007), but it has many
drawbacks like gradual increase in antibiotics resistance, and residues of antibiotics secreted
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through milk (Gomes and Henriques, 2016). The antibiotics residues are entering the human
food chain in this way. It is high time now to think some alternatives to the antibiotics.
Random use of antibiotics has prompted the microorganisms to develop biofilms. Antibiotics
therapy should be followed with sensitivity tests after microorganism isolation and then
administration of the particular antibiotics. It is recorded that mastitis is the major reason of
antibiotics use in dairy industry (Moon et al., 2006). Severe losses occur in terms of milk
quality, health of animals, reproductive failure of animals, and affects human health as well.

Alternative Strategies to Antibiotics Therapy
a) Therapy using Nanoparticles

The nanoparticles derived from metal oxide are found to be effective antibacterial agents.
Silver and Copper nano particles are found to be very effective against bacterial infection
(Castellano et al., 2007). Silver nano particles show the bactericidal and fungicidal action and
can cause damage to the cell membranes through formation of silver ions in the
microenvironment of the cell, denature the proteins and reactive oxygen species are formed
(Kalinska et al. 2017). Zinc oxide nanoparticles (ZnO-NP) are widely used in biological field
and experiments showed they are very much safe to be used in animals and humans (Fu et al.
2005). Study of Hozyen et al. (2019) showed that the potential of ZnO-NPs can be increased
to make them suitable against the microorganisms causing mastitis. Different synthesizing
method was followed in this aspect and capping agents used which influenced the
agglomeration, size of the particles, and morphology. Sonochemical method was followed for
particle synthesis and capping was done with starch which prevented the nanoparticles from
agglomeration. This approach increased the antibacterial activity against S. aureus, E. coli,
and Klebsiella pneumoniae isolated from milk of cows suffering from clinical mastitis
(Hozyen et al., 2019).

b) Therapy using Lactococcus lactis

A different approach was attempted by Kitching et al. (2019) for treatment of bovine mastitis.
They optimized a formulation of Lactococcus lactis DPC3147, which produces 2-component
bacteriocin lacticin 3147, presented in the liquid form emulsion based on paraffin and termed
as live biotherapeutic compound. The efficacy of this compound was compared with the
antibiotics terrexine (contains combination of kanamycin and cephalexin), and it was found
that these biotherapeutics showed comparative efficacy as the antibiotics to treat the clinical
and subclinical mastitis. Additionally, the L. lactis bacteria remained viable in the emulsion
form for up to 5 weeks showing that a single dose can work for a long time and show its
therapeutic activity.

c) Bacteriophage Therapy

A recent concept of targeting the bacteria with bacteriophages has taken the upper hand
(Varela et al., 2018). Geng et al. (2019) studied in the mice model (mastitis induced by S.
aureus strain Sau-XJ-21), using two bacteriophage strains like vBSM-A1 and vBSP-A2, and
observed convincing results. The cocktail of these two strains gave better result (synergistic
effect) in reducing the population of S. aureus than the individual one.

Subclinical Mastitis

Very few symptoms are observed in this type of mastitis although infection persists in the
mammary gland. There is reduction in milk yield with high somatic cell count (SCC), poor
quality of the milk produced, and also affects the reproductive performance. Mostly S.
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aureus, S. agalacteae etc. affect the mammary gland in this disease. It is found that biofilm is
developed by S. agalacteae as observed in the isolates of milk from dairy cows affected with
subclinical mastitis (Bonsanglia et al., 2019). It is proposed that recurrent infections may
attribute to biofilm growth and enhance resistance to host defense system and antimicrobial
therapy. (Rosini and Margarit, 2015). Besides, S. uberis is also an important microorganism
causing both the clinical and subclinical mastitis in dairy animals (Calonzi et al., 2020). The
cost effective multiplex PCR assays have been developed by Calonzi et al. (2020) to detect
the virulence genes in these species and characterize the particular strain.A study in
Switzerland on the microorganism S. uberis found 153 strains isolated from mastitic milk and
the antibiotic susceptibility test was performed with 11 antibacterial agents including
penicillin (Kappelli et al., 2019). The researchers showed the importance of genetic
characterization and their eradication. The importance of milk and milk products have been
described thoroughly and stress is given on maintaining a disease-free health in human being
(Nagpal et al., 2012). Various beneficial effects of milk has been discussed in many research
findings and it is necessary to consume healthy milk for healthy life (Nagpal 2011; Nagpal et
al., 2010; Kumar et al., 2009; Agarwal et al., 2020; Vise et al., 2018).

Preventive and Control Measures

The mastitis incidences can be minimized by proper management of the dairy herd. The
measures to be taken are healthy rearing of animals, adopting sanitary practices, culling of the
infected animals suffering from chronic infection, isolation of the infected animals in separate
house etc. The somatic cell count (SCC) of the milk should be monitored at regular interval
as SCC above 2, 00000 indicates unhealthy mammary gland. The animals once found to be
diseased, should be promptly treated to cure from the disease. Personal hygiene should be
maintained by the workers during milking, and during care and management of the animals.
The animal houses should always be kept clean and dry. Strategies for clean milk production
should be followed. The milking equipments should be kept clean and if possible, should be
sterilized for subsequent use.

2. CONCLUSION

Mastitis has been the major concern in dairy industry due to the huge economic losses caused
to the dairy farmers. Antibiotics therapy is found to have many drawbacks besides the
development of resistance by the microorganisms. The antibiotic residues enter in human
food chain raising major concern on human health. Some alternative therapies are considered
at present which have potential to replace the antibiotic therapy. The therapies like
bacteriophage therapy, nanoparticle based therapy, biotherapies, can take the upper hand in
future for mastitis management. More research work is needed for early detection of the
subclinical mastitis and clinical mastitis which can promote prompt treatment of animals with
minimal loss to the farmers.
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