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ABSTRACT

Milk is an essential source for the ingredients needed for infant growth and adult health. Healthy milk production is important for
consumer safety. The aim of the present review article was to highlight on the incidence and control of the infectious bacteria in bovine
milk. Raw bovine milk is considered as a vehicle for many infectious bacterial diseases such as Bovine Tuberculosis, Brucellosis,
Leptospirosis and Mycoplasma infection. The main microorganisms which isolated from bovine milk in cows with mastitis were
Escherichia coli, Staphylococcus aureus, Streptococcus spp., Streptococcus agalactiae, Pasteurella spp., Klebsiella spp., Pseudomonas
spp. and Streptococcus dysgalactiae. Early and accurate diagnosis is necessary for achieving successful control programs against
the infectious bacteria in bovine milk. For successful control of the infectious bacterial diseases in bovine milk, it is
mandatory to follow preventive measures such as proper hygienic procedures regarding animal husbandry and handling,
providing the cows with balanced nutrition, following vaccination programs against bacterial diseases, reporting of the notifiable
diseases to the health authorities, meticulous inspection of the consistency and color of milk and pasteurization of milk.
Vaccination programs provide protection of dairy farm animals by preventing or reducing bacterial infections which in turn can
help safeguard dairy industry. The main treatment protocol of bacterial diseases in dairy cows is by using suitable antibiotics, so it is
necessary to carry out drug sensitivity test before choosing the proper antibiotic. However, multidrug resistance (MDR) has
become a growing threat regards the management of infectious bacterial diseases. Therefore, the introduction of alternative
antimicrobial agents such as herbal treatment, probiotics, nanoparticles, and stem cells therapy is of absolute necessity to
guard against bacterial multidrug resistance. Also, animal vaccinations are important tools for protection against many

infectious bacterial diseases affecting bovine milk.
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INTRODUCTION

Dairy cattle caught to be maintained in ideal physical condition in a commercial
milking environment in order to sustain a high level of milk production. Thus, the
possibility of developing infections in modern dairy farms has increased. Low
milk production has been linked to the disease control in dairy cattle;
furthermore, mastitis is recognized as the most important cause for economic
losses on dairy farms in many countries in the world (Petroviski et al., 2006).
Milk and other dairy products are often infected with S. aureus. Milk of infected
animals is the main source of enterotoxigenic Staphylococcus aureus of animal
origin. Some of the strains of S. aureus produce heat-resistant enterotoxins
(toxins cannot be destroyed by heating or drying), which cause nausea, vomiting
and abdominal cramps when ingested by humans and are responsible for
outbreaks of food poisoning caused by S. aureus (Gilmour and Harvey, 1997).
Mastitis has been ranked as the first disease of dairy animals as recorded by many
field surveys which performed to investigate the major livestock diseases.
Mastitis causes severe economic losses in dairy farms and consequently
influencing the dairy industry (Ismail, 2017). Ameliorating udder health, with the
aim of decreasing the incidence of udder infection and inflammation in dairy
herds, will eventually lead to increasing milk production. Treatment periods,
culling of cows and death of clinically infected cattle resulted in massive loss of
milk production in dairy farms. Reduction of mastitis occurrence by application
of the different control programs, using different methods in dairy farming as
animal husbandry, feeding and general hygienic methods, will help in decreasing
the incidence of udder infections. Implementing of good farming practices
together with the using of antimicrobials for treating of infection could possibly
aid in the decreasing or abolishing of the incidence of mastitis in dairy farms
(Petroviski et al., 2006). The somatic cell count (SCC) is the key indicator for
evaluation of the quality of the milk. White blood cells constitute the majority of
SCC (75%), while epithelia represent 25%. The number of SCC increases with
the increase of immune response as in cases of infection with pathogenic bacteria
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(Harmon, 1994). The somatic cell count in normal milk is usually less than
100,000 cells /ml. Meanwhile in case of bacterial infections, the SCC will
increase to reach levels greater than 100,000 cells/ ml (Bytyqi et al., 2010). The
most predominant bacteria identified in bovine milk from mastitic cow were
Streptococci (48 %), S. aureus (29 %), E. coli (36 %) and coagulase- negative
staphylococci (11 %) (Hussein et al., 2018). Mastitis mostly arises from udder
injury and subsequent invasion of bacteria. Moreover, rapid and prompt
treatment will significantly decrease the chances of developing mastitis in
case of accidental udder injury as bacteria invade through injury (Kumar et
al., 2010). Many publications have recommended the administration of
antibiotic therapy during the dry period for controlling of intramammary
infections and prevention of mastitis (Janosi and Huszenicza, 2001; Kashif et
al., 2016). It has been showed that administration of therapy during the dry
period can eradicate up to 70% of the environmental streptococcal infections. The
basic methods for controlling of mastitis are either by reducing the teat exposure
to potential pathogens or by enhancing the dairy animal’s resistance to infection.
Multidrug resistance (MDR) has become an arising threat in the treatment of
infectious bacterial diseases; this problem is assigned to the hazard use of broad-
spectrum antibiotics (Saini et al., 2012; Hakim et al., 2017), which results in
massive economic losses in dairy farming. Therefore, it is crucial to create novel
antimicrobial agents such as nanoparticles which provide means to overcome
MDR. Medicinal plants have many advantages as they are natural, safe, effective
and economical alternative treatment for mastitis (Schmidt Lebuhn, 2008).
Many reports showed that the drug sensitivity patterns may vary greatly
according to geographical regions and animal species. The use of two nisins viz.
Ambicin (nisin A) have germicidal activities against S. aureus, S. agalactiae, S.
uberis, K. pneumoniae and E. coli, and nisin Z are widely accepted. It has been
showed that the new bacteriocin, which is produced by Lactococcus lactis spp.
lactis DPC3147, is effective against a wide range of Gram positive bacteria.
Furthermore, lactin NK34 (partially purified from lacticin NK34) has in vivo
preventive and therapeutic effects against mastitis pathogens (Espeche et al.,
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2009; Bogni et al., 2011). Prenafeta et al. (2010) reported that the immunization
of twelve gestating dairy cows with a vaccine consists of extracellular component
from S. aureus leads to a marked decrease in S. aureus growth in the mammary
gland. There are many diseases prevented by pasteurization including
tuberculosis, brucellosis, Salmonella, Listeria, Yersinia, Campylobacter, S.
aureus, Q fever and E. coli 0O157:H7.21,22. On the other hand, Ultra
pasteurization is a food processing method that aims to sterilize milk by heating it
above 135 °C for one to two seconds which is necessary to destroy spores
(LeJeune and Schultz, 2009). The management of mastaitis depends mainly on
meticulous regular monitoring with routine physical examination of the udder
and checking the milk quality. Furthermore, by regular using of disinfectants and
vaccines in endemic areas. There are some vaccines in the trial guarding against
bovine mastitis including inactivated highly encapsulated S. aureus cells; a crude
extract of S. aureus exopolysaccharides; S. aureus CP5 whole cell vaccine;
inactivated and unencapsulated S. aureus as well as Streptococcus spp. cells
based vaccine developed for controlling of bovine mastitis (Calzolari et al.,
1997; Camussone et al., 2013); recombinant staphylococcal enterotoxin type C
mutant vaccine (Chang et al., 2008); recombinant Streptococcus uberis GapC or
a chimeric Christie Atkins Munch-Petersen (CAMP) antigen; pauA,; live Strep.
uberis 0140J stain and bacterial surface extract (Finch et al., 1997; Fontaine et
al., 2002); DNA vaccine containing clumping factor A of S. aureus and bovine
IL 18 (Yin et al., 2009) and DNA- Protein vaccine against S. aureus (Shkreta et
al., 2004). There are many available conventional and modern techniques used
for the diagnosis of infectious bacteria in bovine milk. For successful control
of the infectious bacterial diseases in bovine milk, it is mandatory to
follow preventive measures, following vaccination program and treatment of
diseased animals. A variety of treatment and prevention protocols have
been developed over the years with variable successive rates to the
problem. Therefore, the purpose of the present study is to investigate the
incidence and control of the infectious bacteria in bovine milk.

Incidence of infectious bacteria in bovine milk in Egypt
Incidence of Mycobacterium tuberculosis

The incidence of cases with Mycobacterium tuberculosis in 46 suspected cattle
kept in a private farm at Egypt was estimated. Examination of Mycobacterial
culture revealed that 4.35% of the collected bovine milk samples were positive
for Mycobacterium bovis isolation (Hassanain et al., 2009). In a study at Giza
province, Mycobacterium bovis was isolated from milk samples of 19 out of 50
examined dairy cattle (38.0%), which exposed to bovine tuberculosis outbreak,
using Lowenstein-Jensen medium (Ghazy et al, 2007b). In another study, a total
number of 1850 of cattle from different farms in Egypt were examined for bovine
tuberculosis by tuberculin intradermal test using mammalian purified protein
derivative. A total of 36/1850 (1.90%) were positive reactors by single cervical
test (Mosaad et al., 2012).

Incidence of Mycoplasma

The incidence of Mycoplasma in raw milk of different lactating animal species
was estimated. A total of 240 random raw milk samples were collected from
cows, buffaloes, sheep and goats in Assiut and Qena cities, Egypt. Fifteen strains
of Mycoplasma were isolated and identified from raw milk (Saad and
AbdelHameed, 2012). In another study, a total of 80 milk samples were
collected from Mycoplasma infected bovine farm which tested by conventional
cultural method and indirect Enzyme Linked Immunosorbant Assay (ELISA).
Twenty four milk samples revealed positive culture (30%), while 33 (41.25%) of
the milk samples revealed positive by ELISA titer to Mycoplasma bovis
(Abdelhafez et al., 2009). Milk samples from 625 cows and buffaloes suffering
from clinical and subclinical mastitis in two Egyptian provinces (Fayoum and
Dakahlia provinces) were examined. Mycoplasma infection was reported to be
higher in cows than buffaloes in both governorates in the clinical mastitic cases.
While in subclinical mastitic cases, the infection were 30.19% and 38.3% in
Dakahlia Governorate and 20.6% and 12% in Fayoum Governorate for cows and
buffaloes, respectively (Eissa et al., 2012).

Incidence of Brucella

Brucella species were detected by real-time PCR in bovine milk and milk
products collected from apparently healthy animals in Egypt. Antibodies against
Brucella spp. were reported in 34 samples (16%); while Brucella spp. was
recorded in 17 milk samples (7.9%) using RT-PCR amplified Brucella-specific
DNA. Species-specific 1IS711 RT-PCR revealed that 16 samples from the RT-
PCR-positive samples were identified as B. melitensis; meanwhile one RT-PCR-
positive sample was identified as B. abortus (Wareth et al., 2014). A total
number of 84 female dairy buffaloes at Giza province, Egypt were examined for
brucellosis. Serological examination revealed prevalence level of 11.9% using
Rose Bengal Plate Test. Brucella melitensis biovar-3 was isolated from tissue
samples obtained from brucella positive seroreactive buffaloes during obligatory
slaughtering (Ghazy et al., 2007b).

Incidence of other infectious bacteria in bovine milk

Differences in bacterial mastitic infections prevalence rates between farms are
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reported. About 95% of all infections are caused by Streptococcus agalactiae,
Staphylococcus aureus, Streptococcus dysgalactiae, Streptococcus uberis and E.
coli (Gilmour and Harvey, 1997). The common pathogenic microorganisms that
detected in mastitic cows from different farms at Ismailia province were
Staphylococcus aureus (32.3%), Streptococcus uberis (13%), Staphylococcus
epidermidis (12%), E. coli (10.2%), Streptococcus dysgalactiae (10%),
Streptococcus bovis (6.2%), Klebsiella pneumoniae (3.4%), Enterococcus fecalis
(3.1%), Enterococcus faecium (1.5%) and Proteus vulgaris (1.4%) (Enany et
al., 2007). Nine small-scale dairy farms include 982 animals

(565 Friesian cows and 417 buffaloes) at Kaluobia and Menofia provinces were
clinically inspected for detection of udder and/or milk abnormalities.
Mycoplasma is occupied a considerable level of the isolates from the clinically
mastitic cases (19.70 %), and it is occupied the second grade (28.57 %) following
Staphylococcus aureus (42.86 %) as etiologic agent responsible for incurable
mastitis of cows (AbdelHameed and Sharaf, 2009).

Ghazy et al. (2007a) reported that out of 360 female dairy buffaloes examined in
Lower Egypt, 5.8% were positive to mastitis. The incidence of mastitis in a
private dairy herd in Beni-suef province was also estimated. Two hundreds and
seventy two bacteria were isolated; the most predominant infectious bacteria
were coagulase negative Staphylococcus (37%), Staphylococcus aureus (25%)
and E.coli (18%). Other bacterial isolates incorporated were Streptcoccus
agalactiae (11 %), Klebsiella pneumonae (3%) and Streptococcus uberis (2%)
(Elbably et al., 2013). The prevalence of the cases with clinical mastitis,
subclinical mastitis and apparently healthy dairy cows recorded 34.5%, 24.7%
and 40.8%, respectively. The most important pathogens which detected from the
examined milk samples were Escherichia coli (22.16%), S. aureus (20.19%),
Streptococcus spp. (13.3%), Streptococcus agalactiae (12.8%), Pasteurella spp.
(2.45%), Klebsiella spp. (1.47%), Pseudomonas spp. (0.45%) and Streptococcus
dysgalactiae (0.5%) (Zeedan et al., 2014). One hundred and twelve bovine milk
samples were examined by California mastitis test (CMT) and Somatic cells
count (SCC). 56.3% was the percentage of subclinical mastitis and 13.3% was
the percentage of clinical mastitis. Bacteriological culture of bacterial agents
causing mastitis on different types of media revealed that the causative agents
were E. coli (25.5%), Staphylococcus aureus (14.8%), Coagulase negative
Staphylococcus (12.7%), Streptococcus agalactiae (12.7%), Streptococcus
pyogens (10.6%), Klebsiella pneumoniae (8.5%), Salmonella species (4.2%),
Proteus species (4.2%) and Pseudomonas aerguinosa (4.2%) (Sayed et al.,
2014).

The incidence of E. coli in cows and buffaloes were studied. E.coli was higher in
cows (31 isolates, 21.1%) than in buffaloes (8 isolates, 18.3%). Serological
typing of E. coli showed that O55 was 30%, followed by 0111 and 0124 (15%),
0119, 0114 and 0157 (10%), 026 and 044 (5%). The results revealed that most
serotypes causing mastitis were 055, 0111 and 0124 (Mahmoud et al., 2015).
In some dairy farms in Beni-Suef province, a total of 20 and 78 bovine milk
samples were collected from animals showing signs of clinical and subclinical
mastitis, respectively. The isolated microorganisms were Staphylococcus species
(n=79; 80.61%), Enterococcus spp. (n=28; 28.57%), Pseudomonas aeruginosa
(n=7; 7.14%), E. coli (n=3; 3.06%) and Proteus vulgaris (n=1; 1.02%) (Hassan
et al., 2016). Examinations of 270 milk samples from cows in Dakahlia, Sharkia
and Damieta provinces revealed that 200 were mastitic cows and 70 were
apparently healthy. Bacteriological examination revealed high percentage of
Pseudomonas aeruginosa isolates in Damietta province (8.1%), followed by
Sharkia province (7.6%) and Dakhlia province (6.9 %) (Ammar et al., 2016).
The prevalence of Clostridium perfringens in the bovine milk of the clinical and
subclinical mastitic cows was studied. Four isolates of C. perfringens were
recovered from the cows (3.92%) in the subclinical mastitis. While twelve
isolates of C. perfringens (4.7%) were isolated from clinically affected quarters
(Osman et al., 2009).

Control of infectious bacteria in bovine milk General control and preventive
measures

The cornerstone of controlling infectious bacterial diseases in bovine is by
following proper hygienic procedures regarding animal husbandry and
handling which will decrease the spread of bacterial pathogenic agents.
Also, the application of disinfectants in sheds and paddocks regularly can
decrease the chance of infection. Mastitis mostly arises from udder injury
and subsequent invasion of microbes, so preventing udder lesions is
important. Moreover, rapid and prompt treatment will significantly
decrease the chances of developing mastitis in case of accidental udder
injury (Kumar et al., 2010). Proper hygienic measures include cleaning of
the sheds regularly, application of antiseptics on the teats after milking;
thus reducing the chances of microbial invasion, enhancement of the
hygiene of milking process, monitoring milking equipments regularly,
prevention of galactophagia (inter-sucking) between young ones,
implementation of milking order and using bedding material that doesn’t
favor bacterial growth (OldeRiekerink et al., 2012). Monitoring milk and
milk samples on regular basis will decrease the number of infected animals.
Meticulous inspection of the consistency and color of milk will increase
the chances of early diagnosis. Balanced nutrition plays key role in
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prevention of infectious diseases in bovine. Vitamin E enhances the
immune response of cows as it improves the neutrophils phagocytic
capacity following parturition (Hogan et al., 1992a; Spears and Weiss,
2008). Previous studies showed that supplementation with selenium and
vitamin E resulted in elevated resistance to bovine mastitis (Erskine et al.,
1989; Underwood and Suttle, 1999). Also, selenium has anti-oxidant
properties resulting in improving of the immune status and elevating the
lymphocyte and phagocyte activities (Chamberlain and Wilkenson, 1996;
Abou-Zeina et al., 2013).

Pasteurization is defined as a process in which milk is treated with mild heat less
than100 °C to eliminate micro-organisms and increases the shelf-life time of
milk. The process is aimed to eliminate vegetative bacteria, but it doesn’t destroy
bacterial spores (Pearce et al., 2012). Pasteurization aims to log reduction of the
number of viable bacteria so that they are unable to cause disease. There are
many diseases can be prevented by pasteurization including tuberculosis,
brucellosis, Salmonella, Listeria, Yersinia, Campylobacter, Staphylococcus
aureus, Q fever and Escherichia coli 0157:H7.21,22. On the other hand, Ultra
pasteurization is a food processing technology that involves heating of milk
above 135 °C for 1-2 seconds rendering it sterilized (LeJeune and Schultz,
2009). Today, pasteurization is used broadly within the dairy industry.

Bovine tuberculosis is a notifiable disease, the government officials and
veterinarians must cooperate with each others to set up a plan to eradicate the
disease among the herd. Using milk replacer and colostrum supplements will
eliminate the hazards of disease transmission which is an essential step in
execution of any prevention and control strategy (Cousins, 2001). There is no
effective treatment for brucellosis, so following control measures is fundamental
step. These measures include proper diagnosis, quarantine, exclusion of the
diseased cow from the herd, slaughtering and proper discarding of seropositive
cows to reduce the incidence of infection in healthy animals, vaccination of calf,
and utilization of semen from an examined bull free from Brucella (Bhanu
Rekha et al., 2013). Hygienic practices would contribute to spread of the disease
in/from endemic regions (Khan and Zahoor, 2018). Mycoplasma bovis mastitis
requires very long period of time for treatment and this does not always result in
disease cure. Diseased cows should be culled as early as possible out of the dairy
herd to avoid the lateral transmissions of infection to the neighboring unaffected
animals, and to avoid the transmission of infection to neonates and calves.
Mycoplasmal examination, in the infected farm, should be performed regularly in
parallel with routine detection of mastitis until elimination by segregation or cull
of the infected cases (AbdelHameed and Sharaf, 2009).

Treatment of diseased animals
Antibiotic treatment

Infectious bacteria treatment relies fundamentally on trial and error. Many
microorganisms contribute to development of infectious diseases in cows,
so it is necessary to carry out drug sensitivity test before choosing the
proper antibiotic. Researchers pointed out that drug sensitivity reports vary
greatly in different animal species and geographical region (Verma et al.,
2018). It is recommended to give treatments during lactation in case of
clinical mastitis; on the other hand, it is not recommended to treat
subclinical mastitis during lactation due to low cure rate and high cost of
treatment (Halasa et al., 2007). The combination of parenteral and local
intramammary antibiotic injections yields high cure rates. However, the
administration of systemic therapy may be recommended when the udder
parenchyma is severely congested, as the inflammatory secretion and
cellular debris may obstruct the milk duct system, thus preventing the
injected intramammary drug from proper distribution throughout the udder
(Grueta et al., 2001). The main drugs which has been approved by the Food and
Drug Administration for Veterinary Medicine (FDA, 2011) for the
treatment of bovine mastitis were pirlimycin, methicillin, cloxacillin,
amoxicillin, novobiocin, penicillin G, dihydrostreptomycin, cephapirin and
erythromycin. Intramammary treatment with penicillin and novobiocin was
more effective against S. aureus (Owens et al., 1997). The administration
of systemic danofloxacin for the treatment of induced acute Escherichia
coli in bovine mastitis enhanced the cure rates of mastitic cows (Poutrel et
al., 2008). Corynebacterium pyogenes showed 100% resistance to Penicillin G.
Meanwhile, it showed high sensitivity (100%) to Cephalexin and Gentamicin
(Madut and Gadir, 2011). Treatment regimes of bovine tuberculosis with
Isoniazid require daily dosing for up to 2 or 3 months. Therefore, Isoniazid
cannot be regarded as a mean of eradicating of the disease (Huchzermyer et al.,
1994; Cousins, 2001). The cure rate of S. aureus mastitis ranges from 0% to
80%, and the antibiotic resistance is attributed to many factors as the production
of resistant biofilm (Grueta et al., 2001; Babra et al., 2013). The severity of the
infection is indicated by SCC. Bovine animals with SCC less than 1000000
revealed the greatest success of antibiotic therapy, on the other hand, animals
with higher SCC revealed a limited response (Timms, 2001). Unfortunately,
some antibiotics administrated for the treatment of mastitis such as penicillin,
oxytetracycline, lincomycin and neomycin may compromise the phagocytic
capacity of polymorphonuclear leukocytes (PMN) by changing the oxidative
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burst character of PMN resulting in a recurrence of infections (Paape et al.,
2003).

Antibiograms (Antibiotic sensitivity tests)

Antibiotic sensitivity tests are specific guide for treatment that estimates the
susceptibility and resistance of the obtained bacterial isolates to certain
antibiotics to be applied during therapy. The drug of choice should have the
biggest inhibition zone around inserted disc. Their main disadvantages are being
not effective against resistant strain (Quinn et al., 2013). Multidrug resistance
bacteria were isolated from bovine mastitic cases as follows; Enterobacter
cloacae (7.1%), K. pneumoniae (6.3%), K. oxytoca (6.3%), E. coli (4.5%), and
Citrobacter freundii (2.7%). The most commonly observed resistance phenotypes
were against ampicillin (97.0%), streptomycin (94.1%), tetracycline (91.2%),
trimethoprim—  sulfamethoxazole (88.2%), nalidixic acid (85.3%), and
chloramphenicol (76.5%) (Ahmed and Shimamoto, 2011).

Dry cow therapy

Many publications recommended the administration of antibiotic therapy during
the dry period for controlling intramammary infection and prevention of mastitis
(Janosi and Huszenicza, 2001; Kashif et al., 2016). Cows are susceptible to
acquire new infections with both Gram-positive and Gram-negative bacteria
during the dry period (Berry and Hillerton, 2002). The main advantage of the
dry cow therapy is that it enables the treatment of bacteria and it eliminates the
need of discarding the milk. Moreover, the antibiotics which remain in the udder
up to 20-70 days at high concentration sufficient to kill infectious bacteria, and
this depends on the type of antibiotic formulations used. Also, the prolonged
exposure time to antibiotics hastens the curing rates of intramammary bacterial
diseases. However, this can be hindered in case of biofilm formation by the
invading pathogens (Babra et al., 2013). The treatment during dry period showed
a great success with significant elimination of S. agalactiae and mastitis (Kashif
et al., 2016). Application of dry cow therapy for 2 weeks revealed marked
decrease in the number of cases of clinical mastitis caused by S. dysgalactiae and
S. uberis (Hassan et al., 1999).

A study was conducted among 106 dry cows periods for measuring the efficiency
of three different treatment protocols regarding the elimination and prevention of
S. aureus intramammary infection. At drying off, norfloxacin nicotinate was
given subcutaneously to 44 cows at 10 mg/kg, oxytetracycline Hcl was
administered intramuscularly to 18 cows at 20 mg/kg, 500 mg cephapirin
benzathine were infused into each udder quarter of 21 cows. Results suggested
that systemic dry cow therapy using norfloxacin nicotinate, which possesses large
distribution volume, long half-life and is highly active against the S. aureus, was
more effective than other treatments (Soback et al., 1990).

Probiotics

According to the WHO, the probiotics are defined as living microorganisms that
when used in sufficient amounts provides health benefit to the host. The most
commonly used organisms are the genera of Lactobacillus and Bifidobacterium
owing to their safe administration in dairy industry and their natural existence in
the human intestine .The use of two nisins for prevention or treatment of bovine
mastitis have been evaluated; the nisin A, origin Ambicin N which has
germicidal properties against pathogens of mastitis (S. aureus, S. agalactiae, S.
uberis, K. pneumoniae and E. coli), and the nisin Z, origin nisin Z Silver-
Elephant with germicidal activity against pathogens of mastitis (Bogni et al.,
2011). A new bacteriocin produced by Lactococcus lactis species proved high
effect against a variety of Gram positive bacteria (Klostermann et al., 2008),
that gives protection against infection with Streptococcus dysgalactiae and
Staphylococcus aureus during the dry period in cows (Ryan et al., 1999).
Furthermore, lactin NK34 (which is partially purified from lacticin NK34) has
shown in vivo preventive and therapeutic effects on mouse infection model
utilizing pathogens causing mastitis (Espeche et al., 2009; Bogni et al., 2011).

Herbal treatment

Medicinal plants have many advantages as they are natural, safe, effective and
economical alternative treatment for mastitis. Minthostachys verticillata is one of
the most commonly used plants in folk medicine. It is an aromatic and
autochthonous medicinal plant, native of Cordoba province, Argentina.
Minthostachys verticillata has numerous ethnobotanical therapeutic properties
(Schmidt Lebuhn, 2008). Montironi et al. (2016) reported that the essential oil
and limonene of Minthostachys verticillata inhibited the growth of Streptococcus
uberis, Escherichia coli and Enterococcus faecium which cause bovine mastitis.
Moreover, Cerioli et al. (2018) reported that the essential oil and limonene of
Minthostachys verticillata have antibacterial effect against the pathogens of
mastitis such as Staphylococcus aureus, and Coagulase-Negative Staphylococci
(CNS) using disk diffusion test. In Egypt, Zeedan et al. (2014) evaluated the
antibacterial activity of some Sinai medicinal plant extracts (Artemisia herb-alba
and Jasoniamontana) against bacteria isolated from bovine mastitis. They
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reported that the acetone extract of Jasoniamontana plant revealed high
antibacterial activity against S. agalactiae, E. coli, Staphylococcus aureus,
Klebsiella species and coagulase-negative Staphylococci. They added that J.
Montana and A. herb alba plants have antimicrobial effects compared with
conventional antibiotics which used in treatment of bovine mastitis.

Silver nano-particles treatment

The application of silver nanoparticles (AgNPs) have been widely practiced in a
variety of fields such as antibacterial agents, chemotherapy, biomarkers, cell
labels, and drug delivery systems for the treatment of different diseases, since
AgNPs act as carrier for many molecules (Gurunathan, 2015; Yah and Simate,
2015). Multi-drug resistance (MDR) has become an emerging threat in the
therapy of bacterial infections; this problem is assigned to the extensive use of
broad-spectrum antibiotics (Saini et al., 2012) which leads to massive economic
losses in dairy farms. Therefore, there is a critical need for the development of
alternative antimicrobial agents such as silver nanoparticles which provide means
to overcome MDR. Yuan et al. (2017) studied the effect of synthesized AgNPs
against two multidrug resistance pathogenic bacteria; P. aeruginosa and S.
aureus which were isolated from milk samples. The minimum inhibitory
concentrations (MICs) of AgNPs against P. aeruginosa and S. aureus were
recorded to be 1 and 2 pg/mL, respectively. They suggested that silver
nanoparticles have antimicrobial effects in a dose and time dependent manner.
They confirmed that the antimicrobial effect of silver nanoparticles is attributed
to many mechanisms as the production of reactive oxygen species,
malondialdehyde which would compromise the structure and morphology of the
bacterial cell. Also, AgNPs cause leakage of proteins and sugars from bacterial
cells which alter the osmotic pressure of the cells. They recorded that bacterial
treatment with AgNPs had significantly reduced the lactate dehydrogenase
activity and reduced adenosine triphosphate levels compared to the control non
treated bacteria. Additionally, silver nanoparticles-treated bacteria showed
decreased regulated expression of glutathione, up regulation of glutathione S-
transferase and down regulation of both superoxide dismutase and catalase.
Consequently, nanoparticles can be used as antimicrobial agents in the
Biotechnology and Bio-medical fields. Kaoud and Yosseif (2013) demonstrated
the efficacy of intramammary infusion of silver nanoparticles (AgNPs) in
treatment of mastitis in buffaloes caused by mixed infection with E. coli,
Staphylococcus aureus and Streptococcus agalactiae. They found that the cure
rate was 60% against these infectious bacteria.

Stem cells therapy

Stem cells are those cells that able to regenerate through the replication and
differentiating into specific lineages. Stem cells have been recently researched in
large scale. Epithelial and myoepithelial stem cells are considered as the major
stem cell types, so they have great therapeutic importance in mammary gland
tissue because they can help the development of a vascular network (endothelial
and smooth muscle cells) of the mammary gland (Bierla et al., 2012). Capuco et
al. (2009) studied the effect of intramammary infusion of xanthosine regarding
the population of mammary stem cells in bovine. They concluded that the in vivo
treatment with xanthosine can elevate the amount of mammary stem cells.
Sharma and Jeong (2009) reported that different kinds of stem cells can be
adjusted to reverse the post mastitis fibrosis in bovine udder and return the milk
production. They added that stem cells can potentially regenerate damaged
tissues by differentiation into epithelial, myoepithelial and or cuboidal/columnar
cells in the udder.

Animal vaccination

Animal vaccinations are important tools for protection against many
infectious bacterial diseases that affecting bovine milk.

Vaccination against Staphylococcus aureus and Streptococcus agalactiae

There are many types of vaccines prepared against Staphylococcus aureus
(Middleton, 2008; Middleton et al., 2009) such as whole microorganism
vaccines (Leitner et al., 2003a), DNA vaccine encoding clumping factor A
(Nour EI-Din et al., 2006), live attenuated aroA gene of S. aureus (Buzzola et
al., 2006), capsular polysaccharide (CPS) protein conjugate vaccines (Mamo et
al., 1994) and recombinant S. aureus mutated enterotoxin type C (Chang et al.,
2008). Somato-Staph/ Lysigin vaccine is a commercial vaccine which has been
used in the USA for 40 years (Ruegg, 2005). Somato-Staph/ Lysigin vaccine is a
polyvalent whole cell vaccine contains five phage types of cultures lysates. It
decreases the severity of bovine mastitis and the somatic cell count in bovine
milk, although it can’t protect cows from new infections (Nickerson, 1999).
Another vaccine against S. aureus is MASTIVAC-1 which is composed of three
various field S. aureus strains, it showed significant increase in serum
immunoglobulin, reduce milk SCC and also showed promising results in the field
trials (Leitner et al., 2003b). Meanwhile, it can’t protect cows from new
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infections. Another trivalent vaccine, consists of S. aureus serotype 5, 8 and 336
lysates, was recorded to enhance the 1gG1l and IgG2 release in the serum of
heifers (Lee et al., 2005). Nevertheless, the effectiveness of this vaccine against
intramammary infections caused by S. aureus was not studied. Nour EI-Din et
al. (2006) found that the DNA vaccine encoding clumping factor A of S. aureus
produced high antibody titer in vaccinated cows. Pellegrino et al. (2010)
evaluated the efficacy of avirulent mutant RC122 S. aureus strain in dairy heifers.
They recorded high significant levels of IgG in the milk and blood of the
vaccinated heifers. Prenafeta et al. (2010) reported that the immunization of
twelve gestating dairy cows with a vaccine consists of extracellular component
from S. aureus leads to a marked reduction on the growth of S. aureus in the
mammary gland. Xu et al. (2011) evaluated the efficiency of a recombinant
vaccine consisted of S. aureus clumping factor A and surface immunogenic
protein of S. agalactiae. The results showed significant increase in the serum
IgG1 antibody titre in experimentally immunized mice. Moreover, the vaccine
protected the mammary gland tissue against S. agalactiae and S. aureus infection.
Maira-Litran et al. (2012) studied the efficacy of a conjugate vaccine composed
of Staphylococcus aureus poly-N-acetyl-glucosamine and clumping factor A in a
murine bacteraemia model. They reported that it is a highly immunogenic
vaccine. Ghobrial et al. (2018) evaluated the efficacy of vaccine and antibiotic
for control of mastitis caused by S. aureus in dairy cattle in Egypt. They found
that the combination of S. aureus bacterin (Lysigin) with extended antibiotic
(Marbocyl 10%) was successfully effective in the elimination of 53.8% of bovine
mastitis caused by S. aureus.

Vaccination against coliform bacteria

Dosogne et al. (2002) developed a vaccine against coliform mastitis using E. coli
heterogeneous oligosaccharide antigens, where these vaccines were used during
the dry period in order to protect cows against mastitis in the following lactations.
They recorded that these vaccines decreased the clinical severity of the infection
in the beginning, however, their effect faded progressively. Mastiguard and J Vac
are commercially available vaccines against coliform mastitis. Startvac (Hipra) is
a novel vaccine which offers protection against coliforms, coagulase-negative
staphylococci and S. aureus (Ruegg, 2005; Bradley et al., 2015; Freick et al.,
2016). J-5 Bacterin is another vaccine available against coliform mastitis which is
composed of the J5 mutant strain of E. coli. This vaccine showed significant
decrease in the cases of clinical mastitis in the vaccinated cows under field
conditions. However, vaccination cannot protect against developing of recent
infections in the vaccinated cows (Gonzalez et al., 1989; Hogan et al., 1992 b;
Wilson et al., 2009).

Vaccination against Mycoplasma bovis

There are no available commercial licensed vaccines for Mycoplasma bovis for
use in young dairy calves. There are several whole bacterin based vaccines
including autogenous preparations which are available only in USA (Nicholas et
al., 2009). A field study was conducted to detect the effect of a common
commercial Mycoplasma bovis vaccine which is used in USA for the prevention
of

Mycoplasma bovis-associated infection in calves (Maunsell et al., 2009). It was
reported that this vaccine was not effective for the prevention of Mycoplasma
bovis-associated infection in young dairy animals. Vaccines against M. bovis
have afforded partial protection from respiratory disease (Stott et al., 1987). A
vaccine prepared with formalin inactivated strains of Mycoplasma bovis and
Mannheimia haemolytica decreased both losses from pneumonia and the cost of
therapy in the recently introduced feedlot calves (Urbaneck et al., 2000). An
inactivated vaccine containing Saponin killed M. bovis was found to be
immunogenic, safe and protective against an experimental challenge with virulent
Mycoplasma bovis, but the time of protection with this type of vaccine is very
short (Nicholas et al., 2002). Balb/c mice were intramuscularly vaccinated with
the obtained fraction candidate from Mycoplasma bovis either alone or combined
with Freund's incomplete adjuvant (FIA). A significant level of specific anti-
Mycoplasma bovis 1gG antibody titers was found in the sera of vaccinated mice
with the fraction candidate alone or combined with Freund's incomplete adjuvant,
especially after the third vaccination (Ismael et al., 2016).

Vaccination against Mycobacterium tuberculosis

The attenuated Mycobacterium tuberculosis- bovis strain BCG vaccine has been
evaluated for use in cattle (Buddie et al., 1995), it was used in vaccination of
cattle in developing countries that don’t have fund for a test and slaughter
strategy. Vaccination has not generally been seriously considered in test and
slaughter programs because of the cross-reaction with tuberculin test that is used
for disease diagnosis (Cousins, 2001).

Vaccination against brucellosis

Vaccination is widely practiced strategy to avoid the spreading of infection with
brucellosis. The most commonly used vaccines in practice are B. abortus strain
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19 and RB 51 vaccines (Frolich et al., 2002, Martins et al., 2009), both are live
attenuated vaccines derived from B. abortus (Moriyon et al., 2004). S19 vaccine
was found to be superior to RB51 regarding long term immunity in young calves
(Dorneles et al., 2015; Miranda et al., 2015). RB51 vaccine does not interfere
with serological diagnosis and therefore help in differentiation between
vaccinated and infected animals (Sanz, et al., 2010; Barbosa et al., 2017).
Moreover, Godfroid et al. (2011) recommended the vaccination of young female
calves at age ranged from 3 to 12 months with S19 vaccine; on the other hand
this vaccine has limitations as it can induce abortion in pregnant cattle. Yang et
al. (2013) tested the efficacy of the DNA vaccines and concluded that they are
very promising compared with S19 and RB51 vaccines, nonetheless they need
boosters doses to obtain the desired immunity (Gomez et al., 2018). To sum up,
there is no currently available effective and relatively safe vaccine that can
protect against brucellosis for long term.

CONCLUSION

Control of bacterial infectious diseases in bovine milk is done through
application of preventive measures, animal vaccination and proper treatment of
diseased cows by using suitable antibiotics guided with antibiotic sensitivity
tests. In addition to, alternative treatments such as probiotics, herbal treatment,
silver nanoparticles and stem cell therapy which offer reliable and effective
methods to overcome multidrug resistance (MDR). Following proper hygienic
practices concerning animal husbandry and handling is the key role in bacterial
disease prevention. Promoting animal welfare through proper balanced animal
nutrition provides a great help for boosting the animals immune response against
bacterial infections. Following vaccination program provides protection of dairy
farm animals by preventing or reducing bacterial diseases which in turn
can helps safeguard dairy industry. Meticulous inspection of the
consistency and color of milk will increase the chances of early diagnosis.
Monitoring animal udder health on regular basis by using conventional field tests
since they provide great help for screening the health status of the herd in
intensive production dairy farms assigned to their low cost and convenience.
Implementing proper handling practices during milking is mandatory in order to
produce safe and suitable milk and milk products. Creating campaigns to increase
the public awareness of the risks of consuming raw milk, moreover it is necessary
to encourage the consumers to shift towards using pasteurized milk. Animal
vaccinations are important tools for protection against many infectious
bacterial diseases that affecting bovine milk.
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