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Abstract

Mastitis is one of the most costly devastating diseases in the dairy industry.
Bovine mastitis can be classified as clinical or subclinical based on clinical
features of the disease. Subclinical mastitis occurrence is more prominent
compared to clinical form and its prevalence is more than 20 to 50% of cows in
given herds. Both forms cause substantial financial losses due to reduced milk
yield, degraded milk quality, drug costs and veterinary expenses, early culling
of cows and increased labour costs for the farmers. The chief causal organisms
of mastitis are cell-walled bacteria, even though mycoplasma, algae and yeast
have also been identified to cause mastitis. Numerous influencing factors like
physiological, pathological, environmental or genetic factors may contribute to
the occurrence of mastitis in dairy cattle. Presently, different types of antibiotics
are prescribed for the treatment of mastitis. However, therapeutic success
rate of mastitis is generally poor because of pathological changes in the udder
parenchyma, mastitogenic bacterial and related factors, indiscriminate use of
antibiotics and poor animal husbandry practices. These evidences focus the
necessity for discovering completely newer strategies for treatment of mastitis.
This review will highlight the key etiological agents and factors affecting the
manifestation of mastitis, and the recent advancement of therapeutic strategies
including application of antibiotic-based therapies by doing antibiotic sensitivity
test as a prospective approach to prevent and control mastitis in dairy herds.
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Abbreviations

MIC: Minimum Inhibitory Concentration; SCC: Somatic Cell
Count; CMT: California Mastitis Test; kPa: Kilo Pascal; NAGase:
N-acetyl-B-D-glucosaminidase; LDH: Lactate Dehydrogenase
Activity; EC: Electric Conductivity; MBC: Minimum Bactericidal
Concentration, IL: Interleukins; TNF-a: Tumor Necrosis Factor alpha

Introduction

Mastitis is one of the important devastating diseases in cattle
striking the greatest challenge to the dairy industry [1,2]. Mastitis
remains the most economically destructive and zoonotic imminent
disease for consumers irrespective of many years of research
worldwide with different levels of economic losses identified by
different countries [2-6]. Milk production is reduced considerably
in the affected animals and estimated loss of milk yield may range
from 100 to 500 kg per cow per lactation [7]. The predictable loss
causing clinical mastitis in cows is nearly 700kg in first lactation and
1,200kg in the second lactation [8]. In United States, expenses related
to mastitis on dairy farms are around U$ 200 per cow per year and
an estimated annual loss of 2 billion dollars for dairy industry [9].
Australian dairy industry is losing more than $130 million every year
because of poor udder health causing reduced milk production that is
mainly associated with mastitis [10]. In India, annual economic loss
suffered by dairy industry owing to udder infections is estimated to be
more than $120 million [2,11]. Economic consequences of mastitis,
clinical or sub-clinical, include reduced milk yield, poorer quality
milk, increased culling rate, increased cost of veterinary services and

medicine and increase labor cost for the farmers [12-15]. Bacterial
contaminated milk from mastitis infected cows can impede with
food manufacturing process or can cause food poisoning; may render
unsuited for human consumption, and in some circumstances may
have the possibility to transmit disease to humans [16].

Medical therapy involving antibiotics is a key tool in the scheme
of mastitis treatment and control. For successful antibacterial
mastitis therapy, the active medicine must achieve and conserve
concentrations above the minimum inhibitory concentration (MIC)
at the center of infection for long enough to breakdown the production
and toxin-producing phase of the causal pathogen [17-18]. This may
be prohibited by several factors that include pathological changes in
the udder parenchyma, mastitogenic bacterial and related factors,
poor selection and indiscriminate use of antibiotics, and is also
influenced by the route of administration [16]. Enormous economic
losses by mastitis are also experienced due to unmarketable milk or
milk-products adulterated with antibiotic residues originating from
treatment in the developing nations along with usage of antibiotics
as growth promoters predominantly in dairy feedlots in the advanced
world [20-21]. The long time use of antibiotics in the treatment of
mastitis has directed further problem of occurrence of antibiotic
resistant strains, therefore there is continual worry about treatment
failure and the resistant strains entering the food chain [22-24].
Treatment failures also lead to longer periods of infectivity, which
increase the numbers of infected cows moving in the farm and thus
expose the whole herd to the risk of contracting a resistant strain of
infection. Continual attention has given by the researchers to discover
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Table 1: Pathogens responsible for bovine mastitis in dairy herds.

Environmental pathogens Contagious pathogens

Others References

Escherichia coli Staphylococcus aureus

Coagulase-negative

Streptococcus spp. Streptococcus agalactiae

staphylococci (CNS)

Streptococcus uberis Streptococcus dysgalactiae

Pseudomonas spp. Corynebacteriumspp.

Klebsiella pneumonia Mycoplasma spp.

Serratiamarcescens

Citrobacterspp.

[31], [32], [33],
[34], [35], [43], [44], [45], [46]

Enterococcus faecalis

Enterococcus faecium

Proteus spp.

Arcanobacteriumpyogenes

Yeast spp.

the proper antibiotic to treat and control mastitis doing antibiotic
sensitivity test. Therefore, this review will summarize the key
etiological agents and factors affecting the manifestation of mastitis,
and the recent status of therapeutic strategy including antibiotic-
based therapies by doing antibiotic sensitivity test as a prospective
approach to prevent and control mastitis in dairy herds.

Mastitis Pathogens

Huge quantities of microorganisms have been known to cause
bovine mastitis. The major causal microorganisms are bacteria,
but mycoplasma, fungi and algae have also been reported to cause
mastitis problems in some herds or regions [25-28]. It is very much
interesting, about 137 species and subspecies of possible pathogens
can be accompanying with infection of the mammary gland [29].
The proportionate importance of the pathogens has varied between
countries, regions and farms, mostly owing to differences in
management and housing systems [30]. Conversely, mastitis in dairy
herds is commonly of two types, these are environmental mastitis and
contagious mastitis (Table 1).

The primary source of environmental mastitis pathogens is the
habitat of the cow like soil, plant material, manure, bedding, and
contaminated water or potential pathogens usually in the digestive
tract [31,32]. Interaction to environmental pathogens ensues
primarily between milking. These microorganisms usually proliferate
nearly 1,000,000 or more cells per gram of bedding. This issue
increases the possibility of mammary glands infection leading to
clinical mastitis [33,34]. There is a progressive association among the
number of coliforms existing in the bedding material and the bacterial
load on the teat ends along with the incidence rates of clinical mastitis
[35]. Primary environmental pathogens include two types of bacteria:
coliform bacteria and species of streptococci other than Strep.
Agalactiae. Coliforms bacteria chiefly Escherichia coli, Enterobacter
aerogenes, Klebsiella pneumonia and Serratia marcescens, and a
Streptococcus sp, Streptococcus Uberis are the chief organisms found
as the of source environmental mastitis [31,36,37]. Coliform bacteria
mostly cause clinical form of mastitis. Environmental mastitis has
formerly founded less than 10% of total mastitis cases, but there
has been an increase in the occurrence of environmental mastitis
more recently [38-40] mostly related with S. Uberis infection. This

pathogen is most frequently linked with chronic mastitis, which does
not respond to antibiotic treatment [31].

Contagious mastitis is commenced by bacterial pathogens that
grow well on the udder skin and lesions of teat. They cannot persist
for long times in the environment and are usually spread from one
cow to another at milking time through the hands of milkers, the
milking machine, milk-contaminated fomites or the sponge [41,42].
The pathogens typically interrelated with contagious mastitis are
Staphylococcus aureus and Streptococcus agalactiae [43-45]. Though
Streptococcus dysgalactiaeis considered as an environmental pathogen,
there is indication of its spread from cow to cow as a contagious
pathogen triggering mastitis [43]. These bacteria are common causes
of both clinical and sub clinical mastitis. Mycoplasma species are also
another source of contagious mastitis. Mycoplasma mastitis may be
accessed to the herd by newly purchased animals and can be transmit
during milking. Mycoplasma bovis is the chief species occasionally
leading to severe complications like abrupt onset, decrease in milk
yield, quick transmission and lack of response to treatment [41,46].
Conversely, the most predictable pathogen in the majority of clinical
and subclinical mastitis cases in most countries is Staphylococcus
Aureus [47-51]. These bacteria are of enormous importance as they
are responsible for more than 25% of intra-mammary infections and
undesirably distressing the quality of milk in enormous number of
clinical cases [52,53]. They are also supposed to be the most emerging
pathogens leading bovine mastitis as they are commonly isolated as
the topmost bacterial pathogens [51,54].

Risk Factors of Bovine Mastitis

There are plenty of predisposing factors that can influence
emergence of mastitis at individual and herd level in dairy cattle. The
factors may be physiological, genetic, pathological or environmental
[55] which are given below:

Age of cows has significant affects in occurring mastitis. It has
been shown that manifestation of mastitis in infected quarters
increases with advancement of age in cows [41,56-59], the highest
occurrence are being observed in cows of more than 7 years of
age [60]. This may be due to more dilated teat canals in older age,
permanent udder tissue damage resulting from the primary infection
or due to an increased cellular response to intra mammary infection
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Figure 1: Graphical abstract of bovine mastitis.

Schematic presentation of causes of bovine mastitis and therapeutic
strategies to prevent and control of the disease. Environmental and contagious
pathogens and various risk factors causes mastitis occurrence in dairy herds.
Clinical cause’s pain and swelling of udder and subclinical mastitis reduce
the milk production and increase SCC. Mastitis can be diagnosed on farm
and by laboratory examination. Various conventional treatment procedure
including antibiotics, NSAIDs and new advanced therapeutic strategies like
nanoparticles, vaccines, antibiotic susceptibility testing specific antibiotics are
used to prevent and control bovine mastitis.

[61,62]. Another reason may be effective innate host defense
mechanism that makes the younger animals less susceptible to
infection [63]. Moreover, cow’s parity has significant influence of on
prevalence of mastitis in farms. Cows in parity number more than 3
have considerably higher mastitis prevalence than those of parity 2-3
and primiparous one [64]. Primiparous cows have stronger defense
mechanism than multiparous cows that make them less susceptible
to mastitis.

Several genetic traits may also have substantial effect upon
susceptibility to mastitis in bovine. These genetic traits are natural
resistance of cows, comparative distance between teats, teat shape and
conformation, position of udders and milk yield and fat content of
milk. High yielding dairy cows with high fat contents are reported
to be more vulnerable to mastitis [65-67]. Udder conformation
and shape of the teat are significant genetic traits that may also
affect susceptibility to mastitis. Cows with extended teats are more
susceptible to mastitis infection compared to cows with reversed teat
ends [68,69]. An additional important influencing factor for mastitis
is super numerous teats, which may be responsible for extra reservoirs
for potential pathogens leading to manifestation of mastitis.

Lactation has a highly significant consequence on prevalence
of mastitis. In bovine, there is possibility of increased oxidative
stress and reduced antioxidant defense mechanisms immediately

after parturition, early lactation and during the dry period and the
incidence of mastitis is reported to be higher during these times [70].
Somatic cell counts (SCC) mainly neutrophils which is the cow’s
natural first line of defense to prepare the onset of the new lactation,
seems to be increased immediately after parturition, which remains
high for a few weeks regardless of the presence or absence of infection
[71-73]. Recent studies have shown that higher amount SCC count
in later stage of lactation in cows [74]; possibly signifying increased
subclinical infection leading to a decrease in milk production.

Herd management and milk hygiene are also considered
significant risk factors for mastitis [64,75]. The occurrence of bovine
mastitis is remarkably higher in less clean udder in contrast to clean
one. The farms that have followed pre and post teat dipping practice
for milking have been less affected by mastitis infection. Several
studies have found that left front quarter (LFQ) are more affected by
mastitis than the other quarters and may be due to contaminations
from the operators left hands without proper washing and
disinfection [76,77]. In farms where milking machines are used for
milking, it is essential to conserve ideal pressure like 50kPa for most
machines, because extra pressure may lead to incomplete milking and
tissue damage in the teat [78]. These may cause increased risk of both
contagious and environmental mastitis. Therefore, it is better to use
those milking machines that can achieve complete milking as well as
fewer incidences of teat injuries [79].

The incidence of mastitis is obviously influenced by the weather
and climatic conditions. A greater percentage of mastitis has been
observed to arise mostly during summer and rainy months [80-83].
Bacterial propagation as well as the load of pathogens increases as heat
and humidity increases in the environment [84]. On the contrary,
another study has reported a greater occurrence of coliform mastitis
during the cold months when the temperature was recorded to be less
than 21°C [85,86] in the environment.

Plan of nutrition is another important factor that influences
clinical manifestation of mastitis in heifers and cows [87]. Vitamin E
hasbeen described to boost the immune response of cows by enhancing
the phagocytic properties of neutrophils after parturition [88,89].
Vitamin E combined with selenium acts as an anti-oxidant substance
by preventing oxidative stress [90,91]. Numerous investigations have
proved that neutrophils of selenium fed cows are more active at killing
mastitis triggering microorganisms than those not complemented
with selenium [92-94]. Beta-carotene and Vitamin A have also been
recognized to be active in inhibiting the manifestation of mastitis,
most possibly owing to their antioxidant and immune-enhancing
properties to influence mucosal surface reliability of the mammary
gland [95,96]. Dairy feed supplemented with Zinc and copper
contribute in mammary gland health by promoting cellular repair,
wound healing and reduction in SCC [95,97,98] assisted by rises in
metallothionein synthesis with antioxidant potential.

Mastitis Diagnostic Approaches

Udder health performance observation is difficult without any
reliable and reasonable diagnostic techniques. Hence, there is a
continuous necessity for development ofadvanced diagnostic methods
which are readily available, cost effective and more accurate. The key
diagnostic tools that are used in detecting mastitis are somatic cell
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count (SCC) and bacteriological culturing of milk [33,99]. Presently,
techniques such as California Mastitis Test (CMT), modified white
side test, somatic cell count (SCC), trypsin inhibition test, milk pH,
N-acetyl-B-D-glucosaminidase (NAGase), quantification of lactate
dehydrogenase activity (LDH), electric conductivity (EC) are less
frequently practiced [100]. Diagnosis of mastitis begins with visual
distress of the udder and of the milk via fore stripping [101]. If there
is any palpable change in quarter or any visible defect in the milk,
the affected quarter is defined as clinical mastitis. It is essential not
to overlook clinical signs. A rapid, easy and cheap on farm mastitis
diagnostic tool is California Mastitis Test. This test can be more
readily used by farmers and veterinarians to diagnose and treat
the early stages of mastitis and thus devising the ability to stop the
magnitude of disease in dairy herds. Increasing the body temperature
is one of the significant sign associated with mastitis. Assessment of
the intensities of inflammation-linked enzymes might also be used
for the recognition of mastitis as these display proper association with
SCCs. Additional enzymatic tests comprise the revealing of an esterase
secreted by somatic cells using an enzymatic assay on a dipstick is
another method of diagnosis. Another assay called bioluminescence-
determination, built on assessment of the ATP concentrations in
somatic cells or the response of somatic cell DNA by fluorescent
staining, may also be able for trust worthy determination of higher
SCC levels and consequently the apparent occurrence of mastitis
[102]. Determination of pathogens initiating mastitis is significant for
control of disease and epidemiological studies. Bacterial culture can
be performed at herd, along with cow and quarter level, each with its
individual definite goal. Probable identification of the species is done
interpreting cultural, biochemical and serological examination. The
usage of molecular diagnostic tools in pathogen finding has advanced
over the last years. PCR-based techniques have been defined for a
number of mastitis pathogens [103]. Newly, multiplex PCR devices
have been developed to detect quite a lot of pathogens at the same
time [104]. Moreover, real-time PCR analyses are being advanced for
identification and quantification of mastitis pathogens in milk. Two-
dimensional gel electrophoresis and mass spectroscopy of relevant
proteomics techniques have also directed for identification of several
new proteins involved in mastitis expressed by invading pathogens.
This signal can be useful not only to discover new therapeutic goals but
also to search new diagnostic biomarkers. The effective application of
these novel biomarker devices are still remains a challenge for clinical
mastitis diagnosis. Recent progresses in micro fluidics and so-called
‘Biochips” have the capability to modernize diagnostic procedure
in early diagnosis of mastitis and to discover and develop specific
therapeutic strategy [105] (Figure 1).

Principles of Bovine Mastitis Therapy

Therapeutic success of mastitis depends mainly on accurate
diagnosis, severity of udder pathology, drug selection, and relevance
of route of administration, supportive treatment, and elimination of
predisposing factors [106]. Actually, there is no standard treatment
regime yet developed for mastitis; however, it is encouraged to treat
clinical forms of mastitis according to the severity of the udder
inflammation. Once cows are infected with mastitis, the aim is to
diminish the length of infection by treatment of infected cows or
culling of cows from the farm. Effective and appropriate treatment of
mastitis used all over the season called lactation therapy or dry cow

therapy at the end of the season is vital [107].

Before starting antibiotic treatment it should be ensure that the
gland is milked out as completely as possible. This will eliminate
millions of bacteria, milk clots and debris that can delay the
magnitude of antibiotic treatment [106,108]. Some bacteria can also
release toxins along with mastitis in infected cows that can make
them very sick. In that case, milking out will also remove these toxins.
It is recommended milking cows more frequently to remove the
infective bacteria and toxins as much as possible. Oxytocin influences
contraction of muscle cells that can squeeze milk from the glands and
into the udder. The drug helps relief the cow milk out completely if
the animal is being exposed out in between regular milking [108].

Bovine mastitis is generally treated by intra-mammary infusion
of drugs [109,110]. This route is drug of choice in subclinical, mild
or moderately severe form of mastitis, and is practiced as an aid to
parenteral administration in severe cases. Some clinicians choose
only intra-mammary administration even in severe disease [111]. Itis
noteworthy, intra-mammary drugs should be dispensed throughout
the udder and be quickly immersed into the general blood circulation
for effective functions. In severe case, spreading of drugs through the
udder may be decreased by inflammation or blockage of milk ducts
by debris. In that case, parenteral administration may over whelm
these complications, even though it is common to administer agents
simultaneously by the intramammary route [112]. Acutely inflamed
udders should be milked out repeatedly, with the support of oxytocin
if needed. Combined systemic and intramammary treatment with
well-suited antibiotics, supplemented with supportive therapy like
cold application and anti-inflammatory drug is reccommended in per-
acute or acute clinical mastitis cases with systemic clinical signs [110].

It is commonly desired to treat infectious mastitis consistent
with the antimicrobial drug sensitivity outline of the pathogens
and clinical experiences [111]. The fundamental rule in selecting
the drug is to select as narrow a spectrum as possible against a
specific pathogen and shorten side-effects. Initially, broad-spectrum
antibiotics must be given on the basis of pharmacokinetic properties
and formulation of the drugs [109,113,114]. Response to treatment of
disease rises with persistence of the antibiotic in the udder. Therefore,
the concentration of the drug must exceed the minimum inhibitory
concentration (MIC) value for the pathogen, if possible also the
minimum bactericidal concentration (MBC) value in the udder [106].
In case of bacteriostatic drugs, high concentrations in the target organ
should be maintained.

Success rate of intravenous or intramuscular therapy in case of
mastitis is governed by rate of dispense of drugs from blood to reach
into foci of infection. The dispense rate is mainly regulated by degree
of ionization, lipid solubility, and the amount of protein-binding of
the drug with plasma [115-117] as drugs can cross the blood-milk
barrier by passive diffusion passageway [118]. Conversely, a cow
that is producing 20kg of milk per day, blood can circulate through
her udder approximately 7-10 I/min [119]. Reasonably selected
antibacterial can thus be used for systemic administration as a single
treatment in acute mastitis. For parenteral mastitis therapy, an
model antibiotic should have a low MIC against most of the udder
pathogens, abundant bioavailability, acceptable lipid solubility,
a low grade of serum protein binding, a long half-life in the body,
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no distribution to the gastrointestinal tract and similar clearance
from organs, tissues and blood [111,114,120]. Immediately after
diagnosis, acute mastitis therapy should begin using a remarkably bio
available antibiotic, with required supportive drugs [107,121,122].
Treatment duration will depend on disease anamnesis, clinical
signs, and microbiological diagnosis. It is not worthy that prolonged
treatment means a long milk withdrawal period, which makes the
treatment expensive, so treatment duration should not be so long.
Chronic mastitis that cannot be cured throughout lactation, culling
is the apparent solution. Dairy cows that have had clinical mastitis
throughout lactation should be prescribed drying off therapy.

Specific Therapy for Various Forms of
Mastitis

Per acute mastitis

Suitable parenteral antibiotic with identical or synergistic action
are usually preferred for 3-5 days, depending on clinical cure and
special care must be taken to prevent shock. The intravenous route
must be chosen to accomplish highest parenchymal diffusion
[109,110]. While the response to antibiotic and other supportive
therapy is unsatisfactory, extra measures may be necessary to avoid
death or to treat a severely affected quarter. When the infected
quarter is severely damaged or gangrenous, intra-mammary infusion
is unproductive, and if it is economically reasonable teat amputation
may support drainage. In severe cases tying off the mammary veins
has also been encouraged to decrease the uptake of toxins into the
circulation [123].

Acute clinical mastitis

In acute mastitis, recurrent failure of intramammary antimicrobial
therapy is due to poor or irregular dissemination of the drug in the
acutely swollen udder parenchyma. Parenteral and local antibiotic
therapy may be chosen applying either the same antibiotic, or well-
suited antibiotics with identical or synergistic action for 3-5 days,
depending on clinical medication. However, intravenous route is the
best to achieve extreme parenchymal diffusion [109,110]. Primarily,
intramammary antibiotic preparation should be infused in double
dose into the exaggerated quarters and a single infusion is suggested
into each of the healthy quarters to inhibit new intramammary
infection. After the preliminary infusion, intramammary antibiotic
preparations should be infused 12-hourly and continued for 3-5 days
as recommended by the manufacturer. For enhanced bioavailability
of the drug, a great volume should be injected intramuscularly at
two sites [114,123-125]. Mastitis caused by Gram-positive bacteria is
potentially best treated using macrolide antibiotics and gentamicin,
or polymyxin B for Gram-negative infections. Penicillin G is the drug
of choice for mastitis infection caused by Clostridium perfringens and
Bacillus cereus organism [124,126]. Mastitis caused by penicillin-
sensitive coagulase-negative staphylococci, S. agalactia and S.
dysgalactiaeis usually treated by penicillin for 2-3 days [126]. The
organism S. Uberis may be more challenging and treatment should
be continued for 3-5 days. The intracellular bacteria Staphylococcus
aureus has been identified as therapy-resistant and treatment for 5
days has made better results [126].

In case of mild clinical mastitis, bacteriocidal drugs can be used
as intramammary therapy to act only against Gram-positive bacteria.
Application frequency of intramammary preparations depends on

the pharmacokinetics of the selected drug. Procaine penicillin that are
absorbed slowly is sufficient to apply once daily; drugs for example
cephalexin, erythromycin that are quickly absorbed must be given
twice a day [122]. Frequent intramammary administration of slow-
release formulations is more dynamic than using fast-released osage
forms [111]. There are very limited antimicrobial drugs appropriate
for treating coliform mastitis. Some drugs for example tetracycline,
novobiocin-penicillin, chloramphenicol and streptomycin with high
concentrations have been found to suppress phagocytosis in the
udder. This consequence is boosted if corticosteroids are integrated
with the drugs.

Sub-acute clinical mastitis

It is most predominant form of clinical mastitis in dairy herds
where the duration of treatment is based on the causal organism
and clinical progress [127,128]. Intra-mammary drugs are rapidly
absorbed and usually administered and thus can usually be
prescribed for 3 days at 12 hours intervals supplemented by repeated
hand stripping to eliminate secretion and debris [111]. After the
disappearance of clinical signs [128] treatment should be continued
for at least another 24 hours to eliminate the bacterial contamination.
In high-yielding dairy cows, 2 syringes of intra-mammary antibiotic
preparation may be infused initially into the affected quarter. The
introduction of cefoperazone for intra-mammary administration
with single-dose treatment is a significant advance to treat sub-acute
form of mastitis [129].

Chronic mastitis

In chronic form of mastitis, parenteral and intramammary
antibiotic treatment may be used for 3-5 days in combination with
anti-inflammatory products, but the prospects remains disappointing.
Infusion of a 5% or 10% dextrose solution in combined with
antibiotics for 2-3 days at 12 hours intervals has been suggested to
which the microbes are sensitive into the affected quarter [123,130]
but the prognosis also remains poor. Therefore, it is usually necessary
to cull the cow or to destroy the affected quarter by means of infusing
concentrated ether to eliminate an important potential source of
bacterial infection for healthy quarters [131,132].

Subclinical mastitis

To make a note worthy impact reducing the occurrence of
mastitis, it is obligatory to treat subclinical as well as clinical cases.
There is usually being 15-40 subclinical cases for every clinic alone.
Treatment of infected cows at drying-off with a dry-cow antibiotic
preparation is useful and economical. Subclinical mastitis treatment
in lactation time is not usually recommended, unless large number of
infection rate threatens the selling of milk [120]. The cost of treatment
and milk rejection at the time of withdrawal period exceedingly
decreases the advantage of the therapy. The microbe that can be treated
mainly during lactation is Streptococcus agalactiae, with success rate
of medication is usually in the range of 90-95% [128]. The therapeutic
success rate for environmental streptococci and other staphylococci
may be approximately 10% and will seldom exceed 40-50 %. It is best
to treat these cases at drying-off. Generally, antibiotic preparations
in the form of intramammary infusion are recommended for 3 days
at 12-hourly interval. Remarkably, parenteral antibiotic therapy can
be advised when highly infectious bacteria or very valuable dairy
cows are affected [123,133]. It is only cost effective to treat subclinical
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Table 2: Antibiotic sensitivity of different microbial pathogens to different groups of antibiotics causes mastitis in cows.

Percentage of sensitivity to pathogens
Antibiotics References
S.aureus | CNSstaph. | S. agalactiae S.dysagalactiae S.uberis E.coli K. pneumoniae

Penicillin 86.84% 87.14% 100% 92% 100% 4% 0% [165], [170], [171]
Ampicillin 8.33% - 20% 100 71.4 - 44% [165], [166], [170], [172]
Amoxicillin 78.95% 87.14% 100% 71.4% 100% 18% - [165], [170]
Tetracycline 70.4% 80% 60% 40% 57.1% 40% - [172]
Gentamicin 97.8% 42% 40% 42% - 94.4% 98.7 [163], [164], [171]
Ciprofloxacin 64% 70% 75% 73% - 66% 50% [163]
Neomycin 28% 29% 0% 50% - 41% 0% [163]
Amoxicillin + clavulanat 94.74% 98.57% 100% 100% 100% 94% 62.6% [165], [171]
Cloxacillin 92.11% 97.14% 100% 94.5% 80% 2% 0% [165], [171]
Streptomycin 71.05% 85.71 66.67% 0% 33.33% 84% 0% [163], [165], [172]
Enrofloxacin 97.37% 97.14% 100% 75% 100% 100% 33% [163], [165]
Erythromycin 51.8% 60% 80% 60% 20% 20% 0% [163], [172]
Ceftifour 94.74% 97.14% 100% 100% 100% 100% - [165], [170]
Sulfamethoxazole 99.3% 88% 98.6% 96.2% 96.9% 88.9% 95.9% [171], [172]

mastitis when the influencing factors are very limited [134,135,136].
In chronic infections, proven by earlier clinical incidents and
persistent high SCC, may not respond to dry-cow therapy and should
be culled from the dairy herd [128].

Dry cow therapy

Dry cow therapy with antibiotics has been recommended as
one of the choices to control intra-mammary infections and inhibit
progress of mastitis [137,138]. The cow is at the maximum danger
of obtaining new intra-mammary infections with both contagious
and environmental pathogens during the dry period [139,140]. It has
been shown that about 61% of new infections are achieved during this
period [140]. Therapy with antibiotics during dry period is beneficial
as there is no need to remove milk from treated quarters. Antibiotics
are applied near the end of lactation [141] and may persist in the
udder in high concentrations to destroy pathogenic bacteria for 20-
70 days. The applied antibiotic has enhanced penetration capacity
because of long time contact and curing intramammary infections
unless resistance to novel antibiotics is developed by the entering
pathogen [142]. Dry cow therapy has been described to remove
nearly 100% of mastitis caused by S. agalactiae [139,143]. Conversely,
dry cow therapy is less effective to inhibit S. aureus mastitis compared
to streptococcal mastitis [138]. The treatment success rate of dry
cow therapy against S. aureus mastitis is about 50% and vaccination
against this pathogen throughout the dry season may improve the
antibiotic efficiency [140]. Dry cow treatment for a duration of two
weeks exhibited substantial decrease in the number of clinical mastitis
cases owing to infection with S. dysgalactiae and S. uberis [144].

New Therapeutic Strategies for Mastitis

Nanotechnology

Wide ranges of antibiotics have been used for past 40 years in
control of bovine mastitis. However, antibiotic resistance develops
mainly due to their overuse and for other possible causes and creates
the cure rate very poor. Nanotechnology has endowed researchers
to produce nanosized particles less than 100nm in size, apply them

in a wide range of sectors, mostly in drug delivery system. The
nanoparticles may be revealed prospective delivery methods in the
treatment of bovine mastitis from when they are used by phagocytes.
For example, silver nanoparticles exhibited inhibitory activity against
S. aureus isolated from subclinical mastitis [145] and to be perfect
for a wonderfully economical antimicrobial solution. Furthermore,
nowadays antibiotics are incorporated in most of the nanoparticles
delivery system to combat against microorganisms. Amoxicillin
incorporated into nanoparticles exhibited biologically dynamic
against S. aureus, E. coli, and S. agalactiae [146]. The key challenge
seems to be obtaining an abundant antibiotic loading inside these
delivery systems.

Mastitis vaccines

Mastitis vaccines have been in use with the expectation of
decreasing the occurrence mastitis in dairy farming and upholding
the profit of industry. The practice of killed whole cell vaccines to
handle infective organism on-farm in dairy cattle is common like
other disease vaccine. A lot of studies have been prepared to produce
vaccine against mastitis, but very few have claimed acceptable results.
It is important to discover a vaccine capable of protective against an
extensive range of strains as multiple strains can be existent within
a herd and within a single cow [147]. It is defined that only one
vaccine will not prevent mastitis affected by the diverse numbers of
pathogens and their different strategies of pathogenesis. Coliform
vaccines can decrease the prevalence, severity and length of infections
in both milking cows and heifers [148]. Vaccines against S.aureus can
decline the occurrence of new intra-mammary contamination as well
as increase the impulsive remedy, and should be practiced in herds
where this kind of organism is a main issue [149,150]. Conversely, it
should be noticed that there are lots of chance of vaccine failure if the
farms are not immunized against similar type organism and it will
make extra burden for diary industry.

Bacteriophage therapy for mastitis

Bacteriophage therapy is one of the alternate treatments for
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mastitis which practices pathogen specific bacteriophages in the cure
of a bacterial infection. Bacteriophages are viruses capable to invade
and destroy bacteria [151]. Phages are proved to be determinants as
new antimicrobial agents for veterinary applications. Certain studies
specify that phage therapy could create advantageous effect against
E.coli and S.aureus influenced mastitis infection [148]. Still, further
research is necessary to discover the therapeutic prospective of
bacteriophages to treat mastitis associated bacterial infections.

Cytokines

In mammary gland, the roles of the various immune system
mechanisms against infection are not successful. Conversely, cytokine
generation and leukocyte populations carry out significant roles in
host defense system and pathophysiological devices throughout
the bacterial infection [148]. Numerous cytokines like complement
component, interleukins (IL) and tumor necrosis factor alpha
(TNF-a) have been recognized as key actors during the acute-phase
reaction. They play chemotactic action liable for leukocyte enrollment
and motivation and they can also advance the bactericidal action of
phagocytes. Numerous experimental works point out that use of
cytokines with or without antibiotics significantly improved the cure
rate in S. aureus infected mastitis. Cytokines therapy appears to be
a promising method; however, advanced research has to be done to
accept therapeutic attention.

Antibiotics therapy doing Antibiotic sensitivity test

Antibiotics have extensively reduced the hazard simulated by
mastitis pathogens since their discovery in the 20™ century. In the
dairy industry, antibiotic treatment is the key strategy for bovine
mastitis treatment. On the contrary, beyond the expenses of its usage,
the occurrence of resistance and the non-responsiveness of cattle to
antibiotics have developed a serious issue. The random and misuse of
antibiotics in bovine mastitis may represent intent difficulties linked
with the development of antibiotic resistance and the appearance of
resistant bacteria in food chain [153]. Furthermore, bacteria, which
are accomplished to exist within the cell and mammary gland, and
to form abscesses, are further challenging to combat because of the
restriction of their interaction with antibiotics. This is the example of
S. aureus where the ratio of remedy by presently permitted antibiotics
like pirlimycin is approximately 10-30 % [153]. Bannerman and
Wall [154] determined that treatment accessible for the treatment of
mastitis formed by S. aureus keep at suboptimal and therefore proven
ineffective [148,155]. Therefore, there is an urgent need to find
effective tool to apply specific antibiotic which can effectively prevent
and control bovine mastitis. Currently, Antibiotic susceptibility
testing against microbes is considering as one of the choosing
methods to treat bovine mastitis in dairy herds (Table 2).

The practice of these drugs joined with improvements in housing,
sanitation, nutrition and the introduction of extensive vaccination
programs for key environmental pathogens, has managed to infinite
fall in occurrence of mastitis that was previously prevalent and
frequently fatal. These advances are now a days extremely threatened
by emergence and spread of new microbes those are resistant to
economical and effective first-line drugs. Beta-lactamase producing
bacteria S. aureus and B. fragilis candiminish the activity of penicillin.
Various mastitogenic strains of B. fragilis are unaffected to ampicillin,
amoxicillin and cephalotine [134,156], and certain strains yield

cephalosporinase, which diminishes them resistant to cephalosporin
[157]. The microbe P. aeruginosa is not susceptible to ampicillin,
cefoxitin, cephalothin, cefamandole oroxacillin [157]. Thus mastitis
caused antibiotic resistant microbes fail to respond to treatment,
ensuing constant illness and more threat of cull or death. Presently,
there is also evidence of multiple drug resistance in the common
bacterial agents liable for mastitis in bovines. Treatment failure also
result increase number of infected cows affecting the farm and thus
express the whole herd to the danger of contracting a resistant strain
of infection [158,159]. Significant concern has been stretched over the
last few years regarding the regulation of antibiotic use, due to the
worrying rise of bacterial resistance. Antibiotic sensitivity testing is
regarded as method of choice to treat the mastitis infected cows in
dairy herds.

Antibiotic susceptibility can be done using a series of identical
testing techniques [160]. Among them two most commonly used
procedures are agar disc diffusion (ADD) also known as the Kirby-
Bauer method and the broth microdilution method, called as
Sensititre system [161]. Both microdilution delivers a direct extent of
the minimum inhibitory concentration (MIC) that inhibits bacterial
progression beneath distinct in vitro environments [160]. Antibiotic
concentrations are usually diluted by 2-fold serial dilution in broth
microdilution technique. In contrast ADD results are specified
as inhibition of zone diameter growth measured in millimeters
[160]. Consequences of MIC testing are used in founding clinical
breakpoints for deciding susceptibility and are associated with ADD
procedures for microbial species [160]. Recently, Saini et al. [161]
reported that ADD and the “Sensititre” techniques has moderate
to high diagnostic accuracy in selecting antibiotics against udder
pathogen for mastitis treatment. Susceptibility testing is directed
when a clinician is unable to assume antimicrobial susceptibility
against a pathogen based on his clinical knowledge [160,162].
Alekish et al. [163], analyzed 205 mastitis cases and isolated 11
different pathogens of which S. aureus had the highest incidence and
all isolates were examined for antimicrobial susceptibility test. The
highest percentage of sensitivity was to enrofloxacinamongst all of
the pathogens, followed by ciprofloxacin, gentamycin and neomycin.
However, the highest rate of resistance among the isolates was found
against trimethoprim/sulfamethoxazole and penicillin. In another
study Chauhan et al. [164] identified antibiotic sensitivity by disc
diffusion technique by means of Mueller-Hinton agar, the basis of
zone of obstruction and revealed that the highest sensitivity was
found in gentamicin followed by Ceftriaxone and Enrofloxacin.
The cow was cured with intra-mammary and systemic injections of
gentamicin for 5 successive days and exhibited recovery within few
days. Moreover, a total of 390 milk samples were analyzed by Idriss
et al, [165] and found that highest sensitivity was found against
Streptococcus agalactiae and Streptococcusuberis by enrofloxacin,
followed by Escherichia coli, coagulase Negative Staphylococci
and Staphylococcus aureus using the combination therapy of
cefalexin and kanamycin and combination of amoxicillin and
clavulanate. Maximum resistance was observed against penicillin and
streptomycin. Ikiz et al., [166] revealed investigation to identify the
manifestation of contagious mastitis agents Streptococcus agalactiae
and Staphylococcus aureus in 270 bovine milk samples collected
from 132 dairy cows. Antibiotic susceptibilities of the isolates were
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examined by disk diffusion method and found that all of the S. aureus
isolates were resistant to ceftiofur and all of the S. agalactiae isolates
were resistant to streptomycin. The multiple drug resistance amongst
the cultures involved in mastitis has also been described by several
other investigators [33,148]. Most of the cultures exhibited resistance
to the third generation cephalosporins. This excessive advent of
resistance to cephalosporin’s is unpleasant owing to its extensive
usage against microbes as per adapted by most of the clinicians as the
first line of treatment in recent years. Therefore, the probable long-
term haphazard usage of these antibiotics has directed to the advent
of resistance in mastitogenic bacteria counter to third generation
cephalosporin [167,168]. Increase of resistance among bacteria
is a matter of noticeable alarm in the field of veterinary medicine
specifically when the organisms render an animal unproductive. It
is clinically thoughtful to practice susceptibility outcomes to guide
treatment results for some pathogens [169]. Thus, constant screening
of cultures for antibiotic susceptibility outline will be advantageous
for picking a suitable antibiotic and also to recognize the shifting drifts
of antibiotic resistance for evolving antibiotic usage strategy and for
controlling the indiscriminate practice of influential antibiotics like
cephalosporin as primary treatment.

Conclusions

Bovine mastitis is truly important production disease due to its
impact in the quality and quantity of milk production. The dairy
industry suffers from substantial financial losses due to mastitis all
over the world. Practice of hygienic methods during milking, milk
collection, lactation and dry cow therapy, dietary supplements and
culling are likely to reduce but not control the incidence of both
clinical and subclinical mastitis. The effects of mastitis on dairy cattle
health and milk production highlight an urgent need to develop
effective strategy of prevention and control. Antibiotic therapy is a
dynamic component in mastitis control programs. Therefore, it is
of fundamental significance to detect what type of disease causing
organism are predominant in each dairy farm and what type of
medicines can be used to prevent and control mastitis. Antibiotic
sensitivity test is thus playing a key role to treat the mastitis case more
effectively.
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