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Abstract: Antimicrobial susceptibility in raw milk is a major public health concern that adversely affects the
dairy industry and safety of milk for human consumption. In addition to its economic impact there is a danger
that the bacterial contamination of milk from affected cows may render it unsuitable for human consumption
by causing food poisoning or in rare cases provide a mechanism of spread of disease to humans.
Staphylococcus aureus is a contagious, opportunistic pathogen that cause clinical or subclinical mastitis in
dairy cattle. The bovine mammary gland can be a significant reservoir of entero toxigenic strains of S. aureus.
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INTRODUCTION causing food poisoning or in rare cases provide a

Ethiopia has a largest livestock population of any and streptococcal sore throat may be spread in this way
African country. Cows represent the largest population of [2]. Antibiotic residues following treatment of mastitis can
cattle production of the country [1]. However, compared be a potentialhazard to humans in allergic reaction and
to other countries in Africa, Ethiopians consume less possible transfer of resistance to other organisms [14].
dairy products. Moreover, the quality and quantity of milk
in the country deteriorates because of various causes. The objective of this paper is:
Mastitis is an inflammation of the mammary gland and
commonly associated with intra-mammary bacterial To review on epidemiology and public health
infection. It is considered as one of the most important importance of bovine mastitis.
disease among diseases of the dairy animals [2].

Mastitis can be defined as clinical (grossly evident Etiology: Mastitis is a multi-etiological complex disease.
changes to milk, the gland or the whole animal) or as The cow udder is ideal environment for microbial growth
subclinical (diagnosed using ancillary tests such as the and under optimum udder conditions, such as
somatic cell count). Mastitis is a multifactorial disease, temperature, nutrition and freedom from outside influence,
requiring exposure to a combination  of  environmental pathogenic organisms multiply astronomically and it is
and pathogenic factors and with variable responses this factor that causes udder damage and triggers the
between animals. Many risk factors have been identified response that is recognized as mastitis [15].
for clinical and subclinical mastitis in dairy animals such Previously, the mastitis researchers associated the
as breed, age, parity, stage of lactation [3-5]. The disease mastitis with physical factors like cold and mechanical
has been reported by several authors indifferentparts of injuries. Frank in the year 1876 transmitted the diseases by
the country [6-12]. inoculating inflammatory secretions from diseased

Despite many years of research, mastitis remains the quarters into the canals of health quarters. He thus,
most economically damaging disease for dairy industry proved the infectious nature of this disease and put
worldwide [13]. forward an entirely new concept in the investigation of

In addition to its economic impact there is a danger mastitis etiology. An association between mastitis and
that  the bacterial contamination of milk from affected pathogenic micro-organisms was established in 1887.
cows may render it unsuitable for human consumption by Most major pathogens were identified by the 1940s [16].

mechanism of spread of disease to humans. Tuberculosis
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Table 1: Different infectious agent which causes bovine mastitis
Bacteria Staplococcus aureus, Streptococcus agalactiae, Escherichia coli, Streptococcus dysgalactiae, Streptococcus uberis,

Streptococcus faecalis, Streptococcus pyogenes, Corynebacterium pyogenes, Pseudomonas aeruginosa, Mycoplasma bovis,
M. canadensis, M. californicum, Campylobacter jejuni, Haemophilussomnus, Mycobacterium bovis, M. tuberculosis

Facultative bacteria Peptococcusindolocus, Eubacteriumcombesii, Clostridium sporogene, C. perfringens type A and Fusobacteriumnecropherum.
Fungi or Yeast Aspergilus fumigates, Trochosporoncutaneum, Geotrichumcandium, Nocardia asteroids, N. farcinica, Candida krusei
Algae Protothecalzopfii, P. trispora, P. wickerhamii
Viruses Adeno virus, Herpes virus, Rota virus, Reo virus, Pseudocowpox virus, Parainfluenza virus.
Source: Adapted from Neelesh et al., 2012

More than 200 infectious causes of bovine mastitis has been shown to be 3.4 times more likely to be affected
are known to date and in large animals the commonest by clinical and sub clinical mastitis than the Tanzanian
pathogens are S. aureus, S. agalactiae, other shorthorn zebu breed [25]. Increased risk of clinical
Streptococcus and coli forms [17-20]. S. dysgalactiae is mastitis in Friesian compared with Jersey and Ayrshire
major (50%) organism isolated from the cases of heifers [5]. In southern Ethiopia, Holstein-Friesian cows
subclinical mastitis in cows followed by S. aureus and are affected at a higher rate (56.5%) compared with local
other [21]. It may also be associated with many other zebu (30.9%) and Jersey cows (28.9%) [26]. Also that
organisms including A. pyogenes, P. aeruginoas, Holstein-Jersey cross breed cows is at higher risk
Nocardiaasteroids, C. perfringens and others like (94.54%) for mastitis than local zebu (31.25%) [22].
Mycobacterium, Mycoplasma, Pastuerella and Prototheca Incidence of infected quarters  increases  with  the  age
species and yeasts. The majority of the cases are caused [27, 28]. Older cows (>10years) are at more risk (44.6%),
by only a few common bacterial pathogens, namely, particularly for sub-clinical mastitis (38.6%), than younger
Staphylococcus species, Streptococcus species, coliforms cows (23.6%) in which clinical mastitis was predominant
and A. pyogenes [22]. Table 1 show different infectious [26]. The highest number of clinical mastitis cases occurs
agents which causes bovine mastitis. during the first week of lactation and that the lactating

Epidemiology first three months of lactation than remainder of the
Occurrence:  It  is  reported in different part of our lactating period [29]. The first month of lactation
country like, in central highlands of the Ethiopia the displayed  the  highest  incidence  of mastitis (62.7%),
prevalence  of  clinical  mastitis andsubclinical mastitis to while the late stage of lactation showed the lowest
be 1.2% and 38.9% respectively [23]. Additionally [22] incidence [30]. Dry period a short term of approximately
reported prevalence of clinical and subclinical mastitis as two months, takes place during involution of old tissue
5.3% and 19% respectively, in the central regions of and remodeling of new tissue in mammary gland. A study
Ethiopia. suggests that a longer dry period (>40 days) increased the

Transmission: Infection of each mammary gland occurs not constant across the dry period but is elevated during
via the teat canal, the infection originating from either an the two weeks following drying off and the two weeks
infected udder or the environment; in dairy cattle the prior to calving [32]. Some studies said that the intra
infection originating from infected udders is transmitted mammary infection (IMI) rate is 2 to 12 times higher
to the teat skin of other cows by milking machine liners, during the dry period than at any other time during the
bilkers’ hands, wash cloths and any other material that lactation cycle of the cow [33]. Although, the length of
can act as an inert carrier [2] time classified as transition period has been defined

Risk Factors of Bovine Mastitis period as last 4 weeks before parturition to first 4 weeks
Host Risk Factors: As demand of milk and milk products after parturition [16]. Dairy cows are more susceptible
increased, the most of developing countries are focusing during  this  period because of compromised host,
on the development of high producing new breeds of defense mechanisms which may be directly owing to
dairy cows especially Holstein to fulfill the need. Holstein numerous physiological stresses associated with rapid
breed of cattle is the most wide spread dairy cattle breed, differentiation of secretory parenchyma; intense mammary
found in 128 countries worldwide [24]. gland  growth and the onset of copious milk synthesis

The Borana breed which is recognized for its and secretion are accompanied by a high energy and an
relatively high milk yield compared to other cross breeds, increased oxygen requirement [34].

cow is more likely to develop clinical mastitis during the

risk of clinical mastitis [31]. The rate of new infection is

earlier by different authors but recently defined this
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Udder has physical and anatomical barriers to [41]. Corynebacterium bovis is a commensal of teat canal.
prevent entry of infectious organisms in the teat canal; The milking procedure is one of the most important risk
these  barriers  include  teat skin, teat sphincter, keratin factors for both clinical mastitis and high SCC [42].
and etc. In addition, the teat canal produces antimicrobial
substances, to act against any bacteria that enter the Pathogenesis: A comprehensive understanding of the
duct. Humoral and cellular factors inhibiting bacterial pathogenicity ofmastitis is a key for the development of
growth are in normal milk and in greater concentration in appropriate detection techniques. The primary cause of
mastitic milk [35]. Cell free normal milk possesses a mastitis is a wide spectrum of bacterial strains; however,
variable degree of growth inhibitor activity for incidences of viral, algae and fungal-related mastitis were
streptococci, staphylococci and coliform organisms [36]. also reported [43]. Normally, the teat canal is tightly

Pathogenic Risk Factors: Important pathogenic risk pathogens. It is lined withkeratin, a waxy material derived
factors include presence of number of organisms on teat from stratified squamousepithelium that obstructs the
skin and their virulence factors, presence of minor migration of bacteria andcontains antimicrobial agents,
pathogens and blind treatment. The incidence of mastitis such  as long-chain fattyacids, that assist in combating
seems be related to the number of organisms on the teat the infection. However, the efficiency of keratin is
skin and teat end [37]. Streptococci and Staphylococci restricted [44, 45]. Fluid accumulateswithin the mammary
are in high numbers on teat skin; hence, they the cause of gland as parturitionapproaches, resulting in increased
most intra-mammary infections. The various reports intra-mammary pressure [46] and mammary gland
indicated that the quarters that harbor minor pathogens vulnerability caused by thedilation of the teat canal and
are  less susceptible to new infections by major leakage of mammary secretions [47].
pathogens than uninfected quarters, a phenomenon that
is  possibly related to protective effect of the cell Diagnosis: Somatic cells are composed of white blood
response triggered by the minor pathogens. Several cells (WBC) and occasionally sloughed epithelial cells.
studies have reported that infection by the minor Cells found in normal cattle milk from uninfectedglands
pathogens Corynebacterium bovis and coagulase include neutrophils (1.1%), macrophages (66.68%),
negative Staphylococci can prevent subsequent infection lymphocytes (10-27%) and epithelial cells (0-7%) [42].
with the major pathogens [38]. When bacteria invade and colonize mammary gland, the

Environmental Factors: There are various factors those response that attracts polymorph nuclear cells (PMN) in
play crucial role in the occurrence of mastitis and to  the  milk  to engulf and destroy bacteria. More than
development of new cases particularly environmental 90% of SCC in infected glands composed of neutrophils.
mastitis. These factors include housing system, climate, The cell can be counted by a direct microscopic method
season, heat stress, milking hygiene, udder hygiene, on stained milk smears [36].
milking machine, milking techniques etc. Housing has Monitoring under health status is an important
been previously identified as a risk factor for clinical principle of mastitis control. A regular quantitative
mastitis and is thought to be related to an increase in assessment  of  udder health status is available through
exposure to environmental pathogens [39]. Poorly the use of SCC data. The practical use of SCC data to
designed facilities can contribute to increased incidence determine cow infection status requires the selection of a
of environmental mastitis. Heat and humidity may increase threshold level [2].
the pathogen load in the environment (field or housing), The microbiological examination of both individual
resulting a greater incidence of mastitis in worm weather cow and bulk tank culture are elements of mastitis control.
[40]. Milking hygiene reduce the pathogenic organisms Most mastitis control programs include the use of
from inhabiting the immediate environment or skin of the individual cow cultures to determine which mastitis
animals and minimizing their spread during milking pathogens are present on the farm. Culturing can be used
process. Udder hygiene significantly associated the risk in atargeted fashion for specific control programs such as
of environmental pathogen intra-mammary infection in segregation plans for contagiousmastitis or for
cows [5]. The risk of new IMI by contagious as well as surveillance to detect the presence of new or emerging
environmental pathogens such as Streptococcus uberis pathogen. Culturing isalso used to evaluate treatment
is increased by machine-induced changes such as greater efficacy and to establish susceptibility patterns to aid in
degree of openness of the teat canal orifice after milking thedevelopment of rational treatment strategies [48].

closed by sphinctermuscles, preventing the entry of

macrophages respond by initiating the inflammatory
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The California Mastitis Test (CMT) remains the only outbreaks. Raw (unpasteurized) milk has been found to
reliable screening test for subclinicalmastitis that can be participate in spreading out of illnesses caused by
easily used at the cow side [36]. Listeria, Campylobacter, Yersinia, Salmonella,

Prevention and Control: Elimination of infection from mastitis,  abnormalities  of milk are easily observed and
infected quarters of cows within a herd can be achieved milk is discarded by the producer. Such milk normally
by the defense mechanisms of the udder eliminating the would not enter the food chain. But when milk of cows
pathogen  i.e.  spontaneous  cure, by treatment during with sub-clinical mastitis, i.e. with no visible changes, is
lactation, by treatment during the dry period, or by culling accidentally mixed into bulk milk, it enters food chain and
infected animals [49]. Therapy is more effective inthe dry can be dangerous to humans. Although pasteurization is
period  than during lactation and is more effective after likely to destroy all human pathogens, there is concern
the first clinicalepisode than after repeated episodes of when raw milk is consumed or when pasteurization is
infection, suggesting that younger cows respond better incomplete or faulty [56].
than older cows [50-52]. Subclinical infections are With mastitis there is the danger that the bacterial
commonly found in 50-70% of most herds. At the end of contamination of milk from affected cows may render it
lactation,  existing  infections  remain in the udder and, unsuitable forhuman consumption by causing food
after the subsequent calving; the subclinical level of poisoning, or interfere with manufacturing processes or,
mastitis may be significantly higher than during the in rare  cases,  provide a mechanism of spread of disease
previous lactation. Antibiotics can be used at two points to humans. Tuberculosis, streptococcal sore throat and
in this cycle of infection: To treat outbreaks of mastitis in brucellosis may be spread in this way. Raw
milking cows as soon as they occur and to reduce (unpasteurized) milk can be a source of food-borne
subclinical infection during the dry period and hence pathogens and consumption of raw milk can result in
increase the cow’s productive life [53]. Typically when sporadic disease outbreak [2].
clinical mastitis is detected, the cow is milked out and then Bovine tuberculosis (BTB) remains a disease of
given  an  intra-mammary infusion of antibiotic directly economic and public health importance in developing
into the infected gland. The most commonly used countries. In countries where bovine milk is not
antibiotics on conventional dairies were penicillin (86%), pasteurized before use, bovine tuberculosis has emerged
cephalosporin (78%) and tetracycline (41%) [54]. as the single major cause of extra-pulmonary human

The current methods of prevention and control of tuberculosis [57].
mastitis  include proper milking hygiene, reduced BTB is a zoonotic disease that causes respiratory
exposure to environmental pathogens, dry cow antibiotic disorder in both cattle and humans. Active animal
therapy, culling and therapy of clinical mastitis cases. tuberculosis outbreaks represent possible sources of
Mastitis  reduction  can  be  achieved   by  decreasing infection to both animal and human populations [58]. It is
teat-end exposure to pathogens or by increasing the estimated that the proportion of human cases in
resistance of cows to IMI  [55]. developing countries due to Mycobacterium bovis

Because of the diverse bacterial etiologies of the accounted is 3.1% for all forms of tuberculosis [59].
disease a variety of control methodsinvolving hygiene Most human tuberculosis cases due to M. bovis
prior to, during and after milking are used to minimize occur in young individuals and result from drinking or
exposure of cows tomastitis organisms. Despite these handling contaminated milk. As a result, cervical
procedures, new cases of mastitis invariably occur lymphadenopathy, intestinal lesions, chronic skin
andantimicrobial therapy plays a role in the control of tuberculosis (Lupusvulgaris) and other non pulmonary
bovine mastitis [13]. forms are particularly common [60].

Public Health Importance foodborne pathogens of public healthsignificance have
Zoonotic Importance: Milk and milk products have the been isolated from bulk tank milk and are capable of
potential  to  transmit pathogenic organisms to humans. causing disease in humans, people continue to consume
All the nutritional components that make milk and milk raw milk. Many farm families consume raw milk
products an important part of the human diet also support simplybecause it is a traditional practice and it is less
the growth of pathogenic organisms. However, a variety expensive to take milk from the bulk tank than buying
of microorganisms still contribute to illnesses and disease pasteurized retail milk [61].

Staphylococci species and E. coli. With severe clinical

Although numerous studies have documented that
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Toxin Producing Bacteria in Milk: Milk and other dairy minimizing the risk of antibiotic residues to occur in milk
products are frequently infected with S. aureus. Milk of and meat which is the producers’ responsibility [56].
infected  animals  is  the   main  source  of  entero Antibiotic residues following treatment of mastitis can be
toxigenic  S. aureus  of  animal  origin  [62].   e.g.,  certain a potentialhazard to humans in allergic reaction and
S. aureusstrains produce heat-resistant enterotoxins, possible transfer of resistance to other organisms [14].
which cause nausea, vomiting and abdominal cramps Exposure of animals to antibiotics is an important factor
when ingested by humans and are responsible for contributing to development of resistant bacteriawhich is
staphylococcal food poisoning out breaks [63]. considered to be one of the major public health threats

The bovine mammary gland can be a significant [67].
reservoir of enterotoxigenic strains of S. aureus. Two
different types of toxin with super-antigen activity can be CONCLUSION AND RECOMMENDATIONS
produced: Enterotoxins and toxic shock syndrome toxin
(TSST-1). The staphylococcal enterotoxins (SEs) have Mastitis is multifactorialand life threating disease of
been divided into five serological types (SEA, SEB, SEC, cattle that has many causative agents and it is prevalent
SED and SEE) on the basis of their antigenic properties in  our  country.  It  is  transmitted  from infected cow
[64]. udder to healthy cow udder by using contaminated

Pasteurization reduces the number of viable milking machine, bilkers’ hand, washing cloths and etc.
microorganisms, but often does not negate the effects of The disease has a potential effect to humans in contact
toxins produced by mastitis pathogens. The transfer of with infected animals and to those who consume raw milk
heat  stable  toxins  produced by mastitis pathogens in and causes illness due to pathogenic organisms and
milk is a potential concern. Specifically, enterotoxin toxins produced by them. Antibiotic residue in milk is
produced by Staphylococcus aureus in milk of infected major public health concern that adversely affects the
cows  has  been  implicated  in cases of food poisoning. dairy industry and safety of milk for human consumption.
As Staphylococcus aureus continues to be a major cause From the above conclusion the following
of mastitis in many parts of the world, the frequency of recommendations are forwarded:
enterotoxin production among strains of this species
causing mastitis is a potential concern [65, 66]. During milking maximum hygienic measurement

Antibiotic Residues in Milk: The presence of residues Humans should avoid consumption of raw or
inmilk is a major public health concern that adversely unpasteurized milk.
affects the dairy industry, the practicing veterinarian and When drugs are administered for the treatment of
the perception the public health of the safety of milk mastitis consideration should be taken on the effect
forhuman consumption. The public perception of the of drug residue to public health.
safety of milk is crucial and veterinarians have a
responsibility to respond to these concerns through ACKNOWLEDGEMENTS
public education and quality control of milk production.
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