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Abstract 

This study was conducted to examine the clinical mastitis, to isolate and identify 

the bacteria causing the disease and to determine the sensitivity pattern of isolated 

bacteria to commonly used antibiotic in Eldamazine locality - Blue Nile State, 

Sudan from June to November 2020. A total of 45 milk samples were collected 

from dairy cows clinically infected with mastitis and transported to Microbiology 

Laboratory in Eldamazine town for bacteriological examination. All samples were 

cultured in blood agar, MacConkey agar and purified in Nutrient agar. Gram stain 

was used for identification of morphological characteristics of bacteria. Antibiotics 

sensitivity test to gentamycin, ampicillin, vancomycin, ciprofloxacin, oflaxacin, 

tetracycline and erythromycin. Biochemical tests were done to all isolates. Three 

types of inflammation were detected: acute mastitis with high prevalence (62.2%) 

followed by chronic mastitis (35.6%) and gangrenous mastitis (2.2%). The isolates 

were: 73.4 % Staphylococcus spp, 4.4% Streptococcus spp, 8.9% Bacillus spp , 

4.4% Pseudomonas spp and 8.9% Escherichia spp.  The results revealed that the 

most sensitive antibiotics on isolated bacteria were gentamycin, vancomycin, 

ciprofloxacin, oflaxacin and tetracycline, while resistance was ampicillin and 

erythromycin.  Pseudomonas spp was resistant to all antibiotics used. In conclusion 

mastitis is associated with huge economic loss in the study area. 
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Introduction 

Mastitis is a global problem as it adversely affects animal health, quality of 

milk and the economics of milk production, affecting every country, 

including developed ones and causes huge financial losses (Biffa et al., 

2005; Suzan et al., 2016). Mastitis is the most costly disease of dairy cattle 

due to economic losses from reduced milk production, treatment costs, 

increased labor, milk withheld following treatment, death, and premature 

culling (Kaneene and Hurd, 1990; Miller et al., 1993).  Due to the heavy 

financial implications involved and inevitable existence of latent infection, it 

is obvious that mastitis is an important factor limiting dairy production. 

Additional economic incentives to control mastitis include consumers’ 

acceptance and product shelf- life factors. Although all of these factors result 

in considerable economic losses, decreased milk production is the single 

most important economic consideration and this requires the development of 

methodologies of control program under prevailing husbandry system (Gera 

and Guha, 2011).  

Mastitis is often  the  end  result  of  the  interaction of  several  factors such 

as man , cow , environment ,  microorganisms  and management  (Blood et 

al., 1989; Berhanu, 1997; Awale et al., 2012). Mastitis is a difficult problem 

to comprehend because, it is a disease caused by many factors, both in large 

and in small herds. Micro-organisms are responsible for the infection, but for 

them to enter the mammary gland and establish themselves to the point that 

they cause an infection, a multitude of factors may be involved. Mastitis 

maybe infectious caused by microbial organisms or non infectious resulting 

from physical injury to the gland (Campus, 2007). The  infectious  etiology  

is the most  important  and  caused  by one  or  more  types of  pathogens , 
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such as  bacteria , virus , Mycoplasma ,  yeast  and  algae (Welleberg et al., 

2002; Malinosuki et al., 2006; Chanetonl et al., 2008 ; Osumi et al., 2008).   

Mastitis is the most common disease of dairy cows and the most common 

reason that cows are treated with antibiotics (Saini et al., 2012). The most 

important changes in the milk are discoloration and presence of clot (Blood 

et al., 1983). So for the continuous complain of the owners in the study area 

about bovine mastitis, more efforts will be prevent . 

Objectives 

1- To identify the types of clinical mastitis among dairy cows in study area. 

2- To isolate and identify the species of bacteria that causes clinical mastitis. 

3- To determine the sensitivity pattern of isolated bacteria to commonly 

used antibiotic in study area. 

 

 

 

  

 

 

 

 

 



 
 

3 
 

CHAPTER ONE 

LITERATURE REVIEW 

 1.1. Mastitis in general  

Mastitis means breast inflammation. Mastitis is defined as inflammation 

of the mammary gland, infectious or non-infectious etiology 

(Bradley, 2002). It is characterized by physical, chemical and usually 

bacteriological changes in milk and pathological changes in glandular 

tissues of the udder that affects the quality and quantity of milk 

(Radostits et al., 2000; Sharma et al., 2012). It is also defined as 

inflammation of mammary gland parenchyma which is caused by 

microorganisms, usually bacteria, that invade the udder, multiply and 

produce toxins, which are harmful to the mammary gland (Sharma et 

al., 2006; Osman et al., 2009).  

Inflammation of the affected mammary tissue is characterized by gross 

abnormalities in the udder (swelling, heat, redness, pain). Persisting 

inflammation leads to tissue damage and replacement of the secretory tissues 

with non-productive connective tissues.  There are changes in composition 

and appearance of milk. Abnormalities in milk may include flakes, clots or a 

watery appearance (Hillerton, 1999). 

Mastitis must have been one of the first observed diseases of farm 

animals when cattle were domesticated over 5000 years ago. It is one of 

the costly diseases in dairy animals and causing severe losses to the dairy 

industry. The losses due to mastitis are not only economic but issues like 

animal health and welfare, quality of milk, antibiotic usage and the image of 

the dairy sector are also important reasons to focus on mastitis control 

https://scialert.net/fulltext/?doi=ajava.2012.454.476#746135_ja
https://scialert.net/fulltext/?doi=ajava.2012.454.476#5051_b
https://scialert.net/fulltext/?doi=ajava.2012.454.476#83976_b
https://scialert.net/fulltext/?doi=ajava.2012.454.476#134797_ja
https://scialert.net/fulltext/?doi=ajava.2012.454.476#134797_ja
https://scialert.net/fulltext/?doi=ajava.2012.454.476#83976_b
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programme. Mastitis causes a great deal of loss or reduction of productivity 

to influence the quality and quantity of milk and to culling of animals at 

annual acceptable age (Singh and Singh, 1994).  

1.2. Etiology 

Mastitis may be caused by wide variety of microorganisms including 

bacteria, fungi, yeast and mycoplasma. However, bacteria are the most 

frequent pathogens of these diseases (Lim et al., 2007). The causative 

bacteria can be classed as major or minor pathogens (Harmon, 1994). 

Herd mastitis can be caused by both environmental and contagious 

pathogens (Bodman and Rice, 2003). In addition to origin-based 

classification of mastitis -causing agents, they can be divided into major and 

minor pathogens according to their prevalence and the severity of symptoms 

(Heikkilä et al., 2018 and Saidani et al., 2018). Yeasts are also responsible 

for causing mastitis. Overuse of antibiotics and poor sanitation contribute to 

yeast mastitis (Ganguly, 2018). Mastitis can be caused by physical injury 

such as cuts or bruises or by chemical agents or infectious agent but in most 

cases it is caused by several bacterial pathogens (Shawgi, 2003). 

1.2.1. Causative agents 

 Various infectious agents numbering more than twenty different groups 

including bacteria, viruses,  yeast, fungi and rickettsia, being the major 

cause. One hundred and thirty seven infectious causes of bovine mastitis are 

known to date; and in large animals, the commonest pathogens are 

Staphylococcus aureus, Streptococcus agalactiae, other Streptococcus 

species and Coliforms. It may be also associated with many other organisms 

including Actinomyce spyogenes, Pseudomonas aeruginosa, Nocardia 
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asteroi , Clostridium perfringens and others like Mycobacterium, 

Mycoplasma, Pastuerella and Prototheca species and yeasts (Lidet et al., 

2013). Mastitis can be caused by a series of pathogens, differentiated into 

two broad categories: those causing contagious mastitis such as 

Staphylococcus aureus (S. aureus), Streptococcus agalactiae (St. 

agalactiae), Corynebacterium bovis, Mycoplasma species, which are wide 

spread from the infected quarters, primarily during milking (man hands, 

milking machines), and those causing environmental mastitis such as 

Streptococcus uberis, Streptococcus dysgalactiae, Streptococcus bovis, 

Klebsiella oxytoca, Klebsiella pneumonia, Enterobacter aerogenes, Serratia 

species, Escherichia coli (E.coli) which are present in the environment 

(bedding, flooring, droppings) and generally transmitted in any time of 

cow’s life during milking, between milking and during the dry period, 

especially at first calving in heifers. S. aureus (25.8%) followed by E.coli 

(18.7 %) and Streptococcus agalactiae (11.8 %) (Sayed et al., 2015). 

B. abortus was isolated more frequently from milk samples than from 

mammary tissues. Organisms were often demonstrated 

immunohistochemically and by culture in tissues showing moderate to 

severe histological changes (Xavier et al., 2009). Bacteria replicate to high 

numbers in the gravid uterus and also infect the udder and lymph nodes. The 

udder  and supra mammary lymph node are the most common sites for 

localization. Infected mammae intermittently or continuously excrete 

brucellae into the milk throughout lactation. Clinical findings are typically 

limited to decrease milk production and increased numbers of leukocytes in 

the milk (Meador et al., 1989). 
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     1.2.2.   The important agents of bovine mastitis  

According to Sharif et al. (2009) the most contagious pathogens causing 

intramammary inflammation are Staphylococcus aureus, Streptococcus 

agalactiae, and Streptococcus uberis.  

1.2.2.1. Staphylococcus spp 

Staphylococci are gram positive cocci, catalase positive and ferment 

glucose. They are classified according to the coagulation of human or rabbit 

plasma coagulase positive Staphylococci (CPS), represented by 

Staphylococcus aureus, and coagulase negative Staphylococci (CNS) such as 

Staphylococcus epidermidis (Baird- Parker, 1962). Staphylococci were 

found to be the most frequent causative agents of mastitis among cattle 

(Cargil and Bootas, 1970; Kapur and Singh, 1978). Coagulase negative 

Staphylococci were identified as primary caustive agent of cattle mastitis 

during first lactation (Derieze and Keyser, 1980; Timms and Schultz, 1987). 

Recently, eleven Staphylococcal species have been sequenced: S. aureus, 

S.epidermidis, S. saprophyticus, S. haemolyticus, S. hominis, S. cohnii, 

S.auricularis, S. capitis, S. simulans, S. warneri and S. lugdunensis 

(Uranchimeg, 2006). 

1.2.2.1.1. Staphylococcus aureus 

It is known to cause per acute, sub-acute and chronic mastitis in addition to 

gangrenous mastitis (Radostitis et al., 1994). Khan and Khan (2006) stated 

that infections caused by S. aureus remained the largest mastitis problem in 

dairy cattle because the cure rate using antibiotics is very low during 

lactation, and, in many cases, the infection  become chronic, making culling 

of the affected animal frequently necessary. Mastitis caused by this pathogen 

is only successfully controlled through preventing new infections and the 
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culling of affected animals. Similar to other contagious pathogens, it spreads 

via milking machine components, the hands of milking personnel, and 

through wash cloths (Petersson et al., 2010). 

1.2.2.2. Streptococus spp   

 Streptococci are the second most common pathogens isolated from cows' 

milk (Sharma and Pasker, 1970; Ahmed et al., 1991). They are classified 

according to precipitation reaction of specific carbohydrate antigens into 12 

groups (Merchant and Packer, 1967). 

       1.2.2.2.1. Streptococcus agalactiae 

Streptococcus agalactiae represent the major Streptococcus species that 

cause mastitis in cattle (Costa et al., 1998). This organism causes mainly 

contagious subclinical mastitis, which is usually spread by milking leading 

to considerable losses of milk quality and yield. The prevalence of  

Streptococcus agalactiae  demonstrates that this bacterium is a significant 

cause of mastitis, especially in herds that are not well managed and have 

poor hygiene (Tolla, 1996; Sharif et al., 2009; Kassa et al., 2014). 

1.2.2.2.2 .Streptococcus dysgalactiae  

Streptococcus dysgalactiae (S. dysgalactiae) has the unique characteristic of   

being considered both a contagious and an environmental pathogen. These 

organisms can spread from cow to cow at milking time and are also 

commonly found in the cow’s environment. Infections most likely occur in 

early lactation are at increased risk for new infections due to the increased 

stress and immune suppression associated with the postpartum period. Also, 

following milk cessation, cows do not experience the daily flushing of the 

gland and are at an increased risk for mastitis in the early dry period. Cows 
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with high milk production are not at greater risk than cows with low milk 

production (Christina et al., 2012). 

Streptococcus dysagalactiae infection with injured teat and improper 

milking hygiene promote the spread of the organisms within the herd. The 

presence of this pathogen in dairy herds is serious because the inflammation 

caused by this agent is usually acute (Rantamäki and Müller, 1995) .They 

can be controlled with proper sanitation and are moderately susceptible to 

antibiotics (Watts, 1988). 

1.2.2.3. Coliforms 

Bovine mortality survey carried out in 1992, identified Coliform mastitis as 

the single most important cause of death in dairy cows (Menzies et al., 

1992).  

One of the most important pathogens that cause environmental mastitis 

is Escherichia coli. It was defined as the most common Gram- negative 

bacilli associated with clinical and sub clinical mastitis (Elliot et al., 1976; 

Jha et al; 1994) and causes sudden sharp drop in production of milk 

(Mustafa et al., 1977). Escherichia coli were isolated from udders of cattle at 

calving and during dry period (Timms and Schultz, 1987), it usually attacks 

the mammary gland during early lactation, occasionally resulting in lethal 

consequences if left untreated (Burvenich et al., 2003). Escherichia coli may 

cause acute and per acute form of clinical mastitis (Radostitis et al., 1994). 

Hyper acute E. coli mastitis is considered the most common cause of fatal 

cases( Menzies et al.,1992) The clinical outcome of  E. coli mastitis depends 

upon the severity of infection (Lehtolainen, 2004), energy balance 
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(Suriyasathaporn et al., 2000), stage of lactation and vaccination status ( 

Burvenich et al., 2003). 

When E. coli occurs in the mild form, cows show only local signs in the 

udder and milk, and the duration of symptoms is short. In other more acute 

cases, it can have very severe or even lethal consequences (Lehtolainen, 

2004). 

Klebsiella is the second most common Gram- negative Bacillus isolated 

from cattle milk infected with mastitis (Howell, 1972; McDonald et al., 

1977). Enterobacter spp were found to cause bovine mastitis (Park, 1979; 

Haghour and Ibrahim, 1980). Coliform mastitis is common during the 

puerperal period and symptoms are often acute to per acute as a consequence 

of endotoxin production (Sandra, 2013). 

1.2.2.4. Pseudomonas spp  

1.2.2.4 .1.  Pseudomonas aeruginosa  

Environmental mastitis-causing pathogens that is Gram-negative and similar 

in structure to other coliform mastitis pathogens. Pseudomonas spp. has 

been isolated from milking parlor drop hoses and is known to cause mastitis 

through the use of water during milking. When grown on blood agar, 

Pseudomonas aeruginosa has been found to smell like grapes. Pseudomonas 

aeruginosa. can also be found in wet bedding, cooling ponds, pools of 

standing water, muddy lots or corrals, marshy areas, and manure and urine. 

New infections can occur at any time during lactation. Cows in early 

lactation are at greater risk for new infections due to the increased stress and 

immune suppression associated with the postpartum period (Turner et al., 

2016).  
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 1.3.  Classification of mastitis  

 1.3.1. According to mode of transmission of pathogen 

       1.3.1.1. Contagious mastitis 

 Also called cow-to-cow transmission, cows with mastitis are the main          

source of infection. Spread of the bacteria that cause the infection primarily    

happens during milking, e.g. via the cow udder, milkers hands and clothes, 

or milking machines. Use of milking gloves and individual towels will help 

to prevent this. 

With contagious diseases, the mammary glands and teat skin serve as the 

primary reservoirs of infections with colonies establishing at the teat end and 

slowly growing through the teat canal over one to three days. Among the 

contagious organisms, Staphylococcus aureus, Streptococcus agalactiae and 

Streptococcus dysgalactiae have been identified as the major causes of 

bovine mastitis. Contagious mastitis can be further classified into three 

major groups based on the symptoms associated with infection; clinical, sub-

clinical and chronic mastitis (Basdew and Laing, 2011). 

1.3.1.2. Environmental mastitis 

Environmental bacteria, as the name implies, come from the cow’s 

environment (bedding, soil, manure, etc.) and thus are highly influenced by 

management practices. It is therefore impossible to completely eliminate 

them, as they are endemic to where the animals live, and can only be 

controlled by improving cleanliness of both the cows and their surroundings. 

The most common environmental bacteria are the coliforms, E.coli, 

 Klebsiella spp K. Pneumonia , and  Enterobacter , whose main origin is 
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manure and soil, and the environmental Streptococcus uberis and 

Streptococcus agalactiae that come from the environment but also from 

infected udders. The fact that this last group is also present in the udder 

increases the likelihood of them being also contagious. Environmental 

bacteria thrive under wet conditions in the presence of the adequate substrate 

(manure). When the cow lies on soiled bedding, wades through mud, or even 

when contaminated water is splashed on the udder water pools, footbaths, 

etc. these bacteria can colonize the udder skin and eventually enter through 

the teat canal at milking time (Alvaro, 2004). 

1.3.2. According to the clinical symptoms 

Radostitis et al. (1994) classified mastitis into two forms, clinical and 

subclinical mastitis. Clinical mastitis is characterized by apparent changes of 

both milk and mammary gland and sub clinical mastitis in which there are 

no apparent changes. 

1.3.2.1. Clinical mastitis  

 Clinical mastitis refers  to inflammation  of mammary  gland  with  grossly 

visible  changes on  the  udder  and  milk. It is characterized by 

abnormalities such as discoloration of milk, redness, increased temperature, 

pain, and disturbance of function of the udder (Bishi, 1998). The detection of 

clinical mastitis depends upon the examination of the mammary gland and 

its secretion. The affected gland may show swelling, heat, pain and hardness. 

The secretion may be clotted, serous or occasionally blood stained (Andrews 

et al., 2004) 
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1.3.2.1.1.  per acute mastitis  

It is characterized by gross inflammation, reduction milk yield and changes 

in milk composition .This form of mastitis is fairy uncommon and includes 

depression, raised pulse and respiratory rates, loss of muscle coordination, 

cold extremities, reduced papillary reflex, dehydration and diarrhea (Philpot 

and Nickerson, 2000.  

1.3.2.1.2. Acute mastitis 

 Similar to per acute mastitis, but with lesser systemic signs like fever and 

mild depression (A wale et al., 2012). 

1.3.2.1.3.    Sub-acute mastitis 

 It is characterized by only minor alteration in the milk and affected quarter 

such as clots, flakes or discolored secretions. The quarter may also be 

slightly swollen and tender (Philpot and Nickerson, 2000). 

1.3.2.1.4.   Chronic mastitis 

The chronic form may begin as any clinical form or as sub- clinical mastitis 

and may be evidenced by intermittent signs of clinical mastitis. There is 

usually a progressive development of scar tissue and a change in size and 

shape of the affected gland, accompanied by reduced milk yield (Philpot and 

Nickerson, 2000). 

     1.3.2.2. Sub clinical mastitis  

Refers to inflammation of mammary gland in the absence of visible changes 

in the udder but presence of pathogenic organisms in the milk and can only 

be diagnosed with indirect screening tests or laboratory culturing (Suttie, 

2003). 
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Sub clinical mastitis is the multimedia logical complex disease which 

consists of infectious and noninfectious agent as potential risk factors. It 

cannot be detected by visual observation though it can be identified by 

conducting tests to detect the presence of infecting microorganism or the 

product of inflammation such as somatic cell count (Philpot and Nickerson, 

2000). 

1.4. Signs of mastitis  

Michel (2000) described the signs of mastitis according to the mastitis form. 

In clinical mastitis, the infected quarter often becomes swollen, sometimes 

painful to touch and the milk is visibly altered by the presence of clots, 

flakes or discolored serum and sometimes blood. In severe cases (acute 

mastitis), the cow shows signs of generalized reaction, fever, rapid pulse, 

loss of appetite and sharp decline in milk production. In contrast, subclinical 

mastitis is subtle and more difficult to detect. The cow appears healthy, the 

udder does not show any signs of inflammation and the milk seems normal. 

However, microorganisms and white blood cells (somatic cells) that fight 

infections are found in elevated numbers in the milk. Schroeder (1997) 

characterized subclinical mastitis by lack of consistent, visible and elevation 

of somatic cells count of the milk. Bacteriological culturing of milk will 

detect bacteria in milk and this form causes the greatest loss in dairy farms 

through lowered milk production. 

1.5. Pathogenesis   

Mastitis in dairy animals occurs when the udder becomes inflamed and 

bacteria invade the teat canal and mammary glands. These bacteria multiply 

and produce toxins that cause injury to the milk secreting tissue, besides, 

physical trauma and chemical irritants. These cause increase in the number 
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of leukocytes, or somatic cells in the milk, reducing its quantity and 

adversely affecting the quality of milk and milk by products. The teat end 

serves as the first line of defense against infection. From outside, a sphincter 

of smooth muscles surrounds the teat canal which functions to keep the teat 

canal closed. It also prevents milk from escaping, and bacteria from entering 

into the teat. From inside, the teat canal is lined with keratin derived from 

stratified squamous epithelium. Damage to keratin has been reported to 

cause increased susceptibility of teat canal to bacterial invasion and 

colonization. The keratin is a waxy material composed of fatty acids and 

fibrous proteins in the teat. The fatty acids are both esterified and non-

esterified, representing myristic acid, palmitoleic acid and linolinic acid 

which are bacteriostatic (Khan and Khan, 2006).  The fibrous proteins of 

keratin in the teat canal bind electrostatically to mastitis pathogens, which 

alter the bacterial cell wall, rendering it more susceptible to osmotic 

pressure. Inability to maintain osmotic pressure causes lyses and death of 

invading pathogens. The keratin structure thus enables trapping of invading 

bacteria and prevents their migration into the gland cistern. During milking, 

bacteria present near the opening of the teat find opportunity to enter the teat 

canal, causing trauma and damage to the keratin or mucous membranes 

lining the teat sinus. The canal of a teat may remain partially open for one to 

two hour after milking and during this period the pathogens may freely enter 

into the teat canal. Bacterial pathogens which are able to traverse the 

opening of teat end by escaping antibacterial activities establish the disease 

process in the mammary gland which is the second line of defense of the 

host. In dairy animals, the mammary gland has a simple system consisting of 

teats and udder, where the bacteria multiply and produce toxins, enzymes 

and cell-wall components which stimulate the production of inflammatory 
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mediators attracting phagocytes. The severity of inflammatory response, 

however, is dependent upon both the host and pathogen factors. The 

pathogen factors include the species, virulence, strain and the size of 

inoculums of bacteria, whereas the host factors include parity, the stage of 

lactation, age and immune status of the animal, as well as the somatic cell 

count. Neutrophils are the predominant cells found in the mammary tissue 

and mammary secretions during early stage of mastitis and constitute > 90% 

of the total leukocytes. The phagocytes move from the bone marrow toward 

the invading bacteria in large numbers attracted by chemical messengers or 

chemotactic agents such as cytokines, complement and prostaglandins 

released by damaged tissues. The neutrophils exert their bactericidal effect 

through a respiratory burst and produce hydroxyl and oxygen radicals that 

kill the bacteria. During phagocytosis, bacteria are also exposed to several 

oxygen independent reactants such as peroxides, lysozymes, hydrolytic 

enzymes and lactoferrin. In addition to their phagocytic activities, 

neutrophils are a source of antibacterial peptides called defenses, killing a 

variety of pathogens that cause mastitis (Khan and Khan, 2006). Masses of 

neutrophils pass between the milk producing cells into the lumen of the 

alveoli, thus increasing the somatic cell counts and also damaging the 

secretary cells. Increased number of leukocytes in milk causes increase in 

the number of somatic cells. Clots are formed by aggregation of leukocytes 

and blood clotting factors which may block the ducts and prevent complete 

milk removal, resulting in scar formation with proliferation of connective 

tissue elements. This results in a permanent loss of function of that portion 

of the gland. The milk ducts remain clogged, secretary cells revert to non-

producing state, and alveoli begin to shrink and are replaced by scar tissue. 

This helps in formation of small pockets making difficult for antibiotics to 
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reach there and also prevents complete removal of milk. Macrophages are 

the predominant cells found in milk and tissue of healthy involutes and 

lactating mammary glands. Macrophages ingest bacteria, cellular debris and 

accumulated milk components. The phagocytes activity of macrophages can 

be increased in the presence of opsonic antibody for specific pathogens. 

Because of indiscriminate ingestion of fat, casein and milk components, the 

mammary gland macrophages are less effective at phagocytosis than are 

blood leukocytes. Macrophages also play a role in antigen processing and 

presentation. Conditions which contribute to trauma of mammary gland 

include: incorrect use of udder washes, wet teats and failure to use teat dips, 

failure to prepare milking animals or pre-milking stimulation for milk 

ejection, over milking, insertion of mastitis tubes or teat canulae, injury 

caused by infectious agents and their toxins and physical trauma (Khan and 

Khan, 2006). 

1.6. Diagnosis of mastitis  

Early diagnosis of mastitis is essential because changes in the udder tissue 

take place much earlier than they become apparent the California mastitis 

test can easily be detected by inspection of udder and or systemic sign of 

inflammation whereas diagnosis of subclinical mastitis is more problematic 

since the milk appears normal but usually has an elevated somatic cell count 

the California mastitis test applied for the detection of mastitis based on 

alteration of pH of milk (Kelly, 1984). Other type of test is white side test 

which is simple and rapid test to evaluation of nonspecific bacterial genital 

infection of repeat breeding cattle. But the diagnosis of clinical mastitis 

based on the appearance of abnormally appearing milk /milk may be off 

color /watery /bloody or have the appearance of serum. Abnormal milk may 

also contain varying amount of pus and clots, the amount of swelling 
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severity of pain and the overall appearance of the cow will indicate the 

severity of infection and serve as a guide for the course of treatment 

(Muhammed et al., 2011). Diagnosis of clinical mastitis can be achieved by 

visual examination of both milk and mammary gland where the abnormality 

could be detected easily (Blood et al., 1989) .Confirmation of diagnosis is 

usually done by the isolation of causative agent. 

1.6.1. Physical examination 

1.6.1.1. Visual examination  

 According to Kelly (1984), clinical mastitis may be detected by 

examination of the udder for warm, swollen quarters, which are indicative of 

acute mastitis. Misshapen, hard atrophied and fibrotic quarters indicating 

chronic mastitis. In gangrenous mastitis the gland reveals initially the 

presence of swelling and blue color of the udder. 

1.6.1.2. Palpation of the udder 

According to Kelly (1984), in acute mastitis palpation reveals increased 

local temperature, pain, abnormal texture and increased size of supra 

mammary lymph nodes. In chronic mastitis palpation reveals abnormal 

texture, no pain, normal local temperature and increase in size of supra 

mammary lymph nodes. In gangrenous mastitis palpation on reveals 

decrease of local temperature abnormal texture and increased size of supra 

mammary lymph nodes, in late stage of gangrenous mastitis then is 

desquamation of the udder from the body with smelling of offensive odour. 
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 1.6.2. Chemical examination 

 1.6.2.1. California Mastitis test 

 The California Mastitis test (CMT) which is called Rapid Mastitis Test is 

commonly used for detection of mastitis and has proved to be highly 

efficient (Blood et al., 1983).  Two ml of fore milk were squeezed from each 

quarter into the cup of the paddle where equal volume of California mastitis 

test reagent (Alvetera rapid mastitis test kit - Alvetera Gmbh-Germany) was 

added. The milk and reagent were mixed together and the reaction between 

them was interpreted (Schalm and Noorlander, 1957). It is direct test that 

grossly measures the amount of DNA, primarily function of the number of 

nucleated white blood cells in the milk (Quinn et al., 1994). 

1.6.2.2. Modified white side test 

The test is performed by adding one to two drops of Sodium hydroxide 

solution (0.4%) to five drops of cold milk on glass on black back ground and 

then stirring the mixture vigorously for 20 second. In positive reaction the 

milk was separate to water and shreds or flakes but in negative the mixture 

remains uniformly opaque (Kelly, 1984). 

1.6.2.3. PH indication papers 

The test strips detect the more alkaline pH in quarters with mastitis. Normal 

milk has a pH of approximately 6.5 to 6.7 where as mastitis milk often 

approaches plasma pH of 7.4 (William, 1995). 
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1.6.2.4. Somatic cells count 

 Somatic cells are defined as epithelial cells or neutrophils derived from the 

blood (Schalm and lasmanis, 1968). The somatic cell counts have become 

the most widely used index of the level of the infection within individual 

cows and herds (Bartelett et al., 1992). 

Somatic cell count consists primarily of leukocytes that are present in the 

udder in response to infection and to repair damaged tissue, somatic cell also 

include epithelial cells which make up the internal lining of the mammary 

gland tissue and are normally replaced during the early stage of lactation 

(Harmon and Langlois , 1986).  

When the udder or teat is severely injured there are large increase in somatic 

cell counts (De Graaf and Dwinger, 1996). The direct microscopic somatic 

cell count (DMSCC) is the procedure of evenly spreading a measured 

volume of milk over a calibrated area of a microscope slide, staining the film 

and counting somatic cell within specified area of the film (Packard et 

al.,1992).  

1.6.2.5. Culturing  

 Bacteriological culture of milk samples is required to determine the 

etiological agents involved (Anon, 1987). 

1.7. Treatment of mastitis 

 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 

(Du Preez., 2000). A program for mastitis treatment starts with clinical cases 
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and teats in earliest stage. In sub clinical mastitis quarters are identified 

using survey or representative sampling during a routine check.  

Treatment of mastitis should be based on bacteriological diagnosis and take 

national and international guidelines on prudent use of antimicrobials into 

account. In acute mastitis, where bacteriological diagnosis is not available, 

treatment should be initiated based on herd data and personal experience. 

Rapid bacteriological diagnosis would facilitate the proper selection of the 

antimicrobial. Treating subclinical mastitis with antimicrobials during 

lactation is seldom economical, because of high treatment costs and 

generally poor efficacy. The treatment of mastitis is mostly based on hit and 

trial, it makes condition beyond repairable. Major use of antibiotics in dairy 

cattle is towards the treatment and prevention of mastitis. Involvement of 

multiple etiological agents makes it necessary to perform antibiotic drug 

sensitivity prior to select the final line of treatment (Kumar et al., 2010). 

The lack of appropriate mastitis therapy results in the development of 

resistant organisms to antibiotics (Linhart and Weiskopf, 1989). Especially 

in improper treated cows (Rabinson et al., 1988). Moreover use, misuse and 

often abuse of antimicrobial agents have encouraged the evolution of 

bacteria towards resistance resulting into therapeutic failure (Straut et al., 

1995). 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 (Du Preez,1989) .  The use of intramammary antibiotics at dry off is 

common in US dairy herds. Dry cow therapy (DCT) is typically 

administered as a treatment for existing subclinical mastitis infections and 

for prevention during the no lactating period (McEwen and Fedorka-Cray, 

2002; Aarestrup, 2004).  

https://www.sciencedirect.com/science/article/pii/S0022030207726267#bib18
https://www.sciencedirect.com/science/article/pii/S0022030207726267#bib18
https://www.sciencedirect.com/science/article/pii/S0022030207726267#bib1
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1.7.1. Intramammary infusion 

Most farmers treat clinical mastitis based on symptoms and without 

microbiological analysis, thus treatments are often given regardless of 

etiology (Hoe and Ruegg, 2006). 

In the Sudan study conducted by Abdel Basit (2003) found that using of 

Neomastipra intramammary infusion in treatment of clinical mastitis was 

effective against Streptococcal, Staphylococcal and coliform mastitis. It was 

found to be ineffective against nocardial infection. Mastitis caused by 

Nocardia spp is prevalent (14.3%) and  Nocardia was proven experimentally 

to be highly virulent and difficult to treat. 

Study conducted by Khadiga (2008) revealed that treatment of mastitis with 

antibiotics penicillin and oxytetracycline intramammary for five consecutive 

days resulted in inhibition of the bacterial growth ten days post-treatment. 

This indicating the good response to these products. Some researchers have 

reported no difference in bacteriological cure rates for untreated cows 

compared with cows treated for mastitis caused by gram-negative pathogens, 

and the majority of antimicrobials labeled to treat mastitis have limited 

activity against these organisms ( Pyörälä et al., 1994; Suojala et al.,  2013). 

      1.7.2. Intramuscular treatment 

Intramuscular treatment of dairy cows with systemic drugs, including 

Oxytetracycline and penicillin maintained minimal inhibitory concentrations 

during lactation and dry period.  Thus systemic treatment of mastitis has 

been evaluated, intramuscular treatment is as effective as intramammary 

treatment in eliminated mastitis in dry cows.  

A combination of intramuscular and intramammary treatment increased cure 

rates and maintained greater concentration of antibiotics in the mammary 

tissue (Lents et al., 2002). 

https://www.sciencedirect.com/science/article/pii/S0022030214004639#bib0045
https://www.sciencedirect.com/science/article/pii/S0022030214004639#bib0115
https://www.sciencedirect.com/science/article/pii/S0022030214004639#bib0175
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1.8. Mastitis in the Sudan  

In the Sudan mastitis has become one of the major problems in recent years, 

given the fact that many herd owners shifted to increase milk productivity by 

selecting local or foreign breeds. Mastitis was first reported in the Sudan in 

1953(Annual Report of the Sudan veterinary service, 1953).Since that it was 

described as being common (Annual Report of the Sudan veterinary service, 

1953-1955 and Annual Report of the Department of Animal production, 

1956-1957).Later, prevalence of mastitis in dairy herds in the Sudan was 

investigated by Wakeem and ElTayeb (1962). The investigation was carried 

out to determine the incidence, prevalence rate of infection, the causative 

agents and the response to control efforts, which include treatment. 

Bagadi, (1970) investigated both clinically and bacteriologically the etiology 

of bovine mastitis in seven herds of cattle in three areas in Sudan. He found 

that Staphylococcus aureus was the most common causative agent 

representing 92.2% of the isolated bacteria from clinical cases and44.2% 

from subclinical cases. Adlan et al. (1980) isolated Streptococcus 

agalactiae, Bacillus cereus and Staphylococcus epidermidis from bovine 

mastitic milk. Staphylococcus aureus was isolated from bovine clinical 

mastitis by Mamoun and Bakheit (1992). Corynebacterium spp was isolated 

by Jha et al. (1994) from clinical mastitis. Costa et al. (1998) isolated 

Corynebacterium bovis from clinical and subclinical cases of bovine 

mastitis. Ibrahim et al. (1997) isolated Actinomyces pyogenes (9.8%) from 

173 mastitic milk. Elsayed (2000) isolated Staphylococcus aureus from 

mastitic milk of some domestic animal. AbdAlbasit (2003) found that 

mastitis caused by Nocardia spp prevalent (14.3%). Nocardia was proven 

experimentally to be highly Virulent and difficult to treat. Sohiela (2002) 

isolated from CMT positive samples and clinical mastitis samples in Kafory 
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and Azaheer dairy farms. Gram-positive bacteria represented 72.5% of the 

isolates while Gram negative-bacteria accounted for 27.5%of the isolates. 

From the isolated Gram-positive bacteria 32% were streptococci and 2.7% 

enterococci. About 87.5% of the isolated streptococci were from cases of 

sub clinical mastitis while 12.5% were from clinical cases. The incidence of 

Streptococcus spp in sub clinical mastitis was high compared with clinical 

mastitis. A Study conducted at Khartoum State (Eltebna, Falasteen, 

Shambat, Hilat Kuku, Elhalfaia, Elsamrab and University of Khartoum 

farms) by Reem and Basit (2012) showed that mastitic cows were found in 

all investigated farms. The percentages of acute mastitis caused by 

Staphylococcus aureus and Staphylococcus hyicus amounted to 24% and 

the percentage of chronic mastitis caused by Staphylococcus aureus was 

44% and that caused by Staphylococcus hyicus was 8%. Afaf (2012) 

isolated 48% Staphylococcus aureus ,8%  Staphylococcus hyicus , 28% 

Streptococcus agalactiae, 4% Streptococcus dysgalactiae  and 12% proteus 

spp  from 50 mastitic  milk sample in Hilat Kuku.  

1.9. Economic impact of mastitis 

1.9.1. Milk production losses and change in milk quality 

1.9.2. Drugs 

Drugs necessary to treat infected animals are a direct cause of economic 

damage, owing to their costs. The costs of drugs vary between countries, 

Depending on the legislation and the infrastructure of the country (Halasa et 

al., 2007). 

1.9.3. Veterinary services 

 Besides delivering drugs (in many countries), the veterinarian might have to 

spend time on diagnosis of a (clinical) mastitis case. Veterinary services may 
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be mandatory for each (clinical) mastitis case, if required by national 

legislation, or is only provided upon request by the farmer. Diagnostics costs 

that are relevant to mastitis must be included in the calculations, for instance 

costs of technicians and bacterial cultures (Halasa et al., 2007). 

1.9.4. Labour 

 Costs of labour are difficult to interpret. Opportunity costs of labour may 

differ from farm to farm. If the labour is external, then the cost of labour for 

the time that has been used to prevent mastitis is quite easy to calculate 

(hours x hourly wage). If the labour comes from the farmer's free time, the 

Opportunity costs are zero. However, if because of mastitis the farmer 

spends less time on other management tasks, the opportunity costs are the 

decrease in income due to skipping these tasks (Halasa et al., 2007). 

1.9.5. Culling 

 Culling is a difficult factor to estimate since it is a result of other effects 

(except in the case of death from causes other than culling). Culling is a 

decision of the dairy farmer. A cow is culled when replacement is the 

optimal decision. Cows with mastitis have a higher risk of being culled and 

the cost of premature replacement of animals due to mastitis is probably one 

of the largest areas of economic loss. However, it is very difficult to 

calculate precisely. When a cow is culled, there are direct costs that are the 

costs of rearing or buying a replacement animal (mostly heifers). Indirect 

costs are a decreased efficiency of milk production by the replacement 

animal, since the milk yield of multiparous cows is higher than that of 

primiparous cows (Halasa et al., 2007). 
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      1.10. Prevention and Control of mastitis 

Prevention of mastitis primarily depend on good hygiene (before, during and 

after milking) practices and effective animal management which include 

treatment of clinical cases as they occur, use of udder disinfectants, pre-

milking strip cup, post milking teat dipping and cow therapy (Radositis et 

al., 1996).  

1.10.1 Nutrition  

Deficiencies of selenium and vitamin E in the diet have been associated with 

an increased rate of new mammary infection. Proper nutrition will reduce 

the risk of environmental mastitis, adequate levels of vitamin E and 

selenium reduce the incidence of environmental mastitis (Awale et al., 

2012). 

 1.10.2. Vaccines 

Mastitis vaccine research dates back at least three decades. Throughout this 

time, several vaccines have become commercially available. In the United 

States, there are 40 vaccines that guard against S. aureus and E. coli, but 

none are currently available that afford protection against any Streptococcus 

species .The purpose of a vaccine is to enhance the immune response. 

However, an improved immune response correlates to an increased somatic 

cell count (SCC), so this can be a difficult situation for dairy producers. 

Whenever vaccines are used as part of a mastitis control program, it is 

imperative that they are handled properly, used before the expiration date 

,Tomita and coworkers looked at the efficacy of two different vaccines 

against E. coli- JVac® and J5 bacterin®. All cows were vaccinated at drying 

off and at two weeks before their anticipated calving date. This timing was 
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based on the Periods of greatest risk for acquiring coliform mastitis, which 

has been shown to be during the early dry period, late dry period, and at 

calving. Cows vaccinated with J5 bacterin® received a third dose at calving, 

whereas cows vaccinated with JVac® did not. Immunization by either of 

these vaccines did not affect the severity of clinical coliform mastitis 

(Rebecca, 2014). 

      1.10.3 Control of contagious mastitis  

Contagious mastitis can be effectively controlled through air grouse program 

of teat dipping and dry cow antibiotic treatment. Teat must be dipped in 

germicide after each milking (this decrease incidence of the disease).Each 

quarter must be treated with dry cow antibiotics at end of lactation (this 

decrease prevalence of the disease). Cows with contagious mastitis should 

be milked last or a separate milking claw used for the infected cows. 

Milking cows should be flushed with hot water or germicide after milking 

infected cows (Called back flushing). Individual cloth /paper towels should 

be used to wash /dry teats. Milked should have clean hands and wear latex 

gloves. New addition to the herd should be cultured and persistently infected 

cows should be culled. Teat lesions should be minimized (from chapping, 

bite, stepped on teats, lacerations, or machine damage). Heifers can be given 

dry cow antibiotic treatment during gestation if Staphylococcus aureus is a 

problem in the heifers (Awale et al., 2012).  

1.10.4. Control of environmental mastitis  

Environmental pathogens are more difficult to control than the contagious 

pathogens, many of these organisms are resistant to germicides in teat dip 

and antibiotics in dry cow therapy. Identification of the source and removal 
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(bedding, ponds, and mud) is the key to control. Udder can be clipped to 

minimize the amount of manure clinging to the glands, only clean dry teats 

should be milked. Teat should be pre-dipped with germicide before milking 

Cow should be kept standing after milking (offer them feed). Sterile single 

dose infusion products should be used and sterile infusion techniques 

(alcohol swab) should be used. The milking parlor should be kept clean. The 

teat dipper should be kept clean; organisms survive in many germicide. 

Pipelines /water heater may need to be replaced in cases of Pseudomonas 

contamination (Awale et al., 2012). 

The national mastitis council developed a five point mastitis control program 

in 1969 to control the incidence rate of mastitis. This five point mastitis 

control program includes: Dipping teats in an antiseptic solution before and 

after milking, Proper cleaning and maintenance of milking equipment, Early 

detection and treatment of infected animals, Dry cow therapy with long 

acting antibiotics to reduce duration of existing infection and to prevent new 

intramammary infection and Culling chronically infected animals (Neave et 

al., 1969; Blowey, 2010). 
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CHAPTER TWO 

MATERIAL and METHODS 

2.1. Study area 

This study was conducted in Eldamazine locality, Blue Nile State, Sudan.  

2.2. Collection of milk samples 

A total of 45 mastitic cross breed cows (two to four years) were examinated 

clinically. This was done during the period extending from June to 

November 2020. Forty five milk samples were taken (five ml) under aseptic 

condition as possible for bacteriological examination in sterile disposable 

bottles after cleaning the outer surface of the udders and teats with cotton 

wool soaked in 70% Alcohol, after stripped off the fore milk.  All samples 

collected were immediately placed on ice in a thermo flask after collection 

and transported to the Microbiology Laboratory in Eldamazine town. 

2.3. Sterilization 

All steps of sterilization were done according to Barrow and Feltham (2003). 

2.3.1. Autoclaving 

Culture media, Solutions, Bijou and universal bottles were sterilized in the 

autoclave at 15 pound pressure for 15 minutes at 121°C.  

      2.3.2. Hot air oven Sterilization 

Petri dishes, graduated pipettes, swabs, glass rods, flasks and test tubes were 

sterilized in hot air oven at 160°C for one hour and half.  

 



 
 

29 
 

2.3.3. Flame Sterilization 

Sterilization by flame was used for sterilization of the metal wire and loops, 

which were used in the laboratory to transfer of bacterial colonies or 

spreading them on glass slides. Forceps were sterilized by flaming after 

dipping in spirit. 

2.3.4. Disinfection 

Laboratory benches were cleaned and disinfected by ethyl alcohol solution 

(96%). This step was done by cotton before, during and after each work in 

the laboratory. Ultraviolet irradiation (UV) was also used for 15 min to 

sterilize media pouring room and safety cabinet before and after use. Hands 

were washed with soap and alcohol.  

2.4. Preparation of culture media 

Preparation of media was used according to Oxoid (2006) as instructed by 

the manufacturer. 

      2.4.1. Nutrient agar 

It is prepared by Suspending 28.0 grams from HIMEDIA (M001-500G) in 

1000 ml purified/ distilled water. Heating of the mixture to dissolving the 

medium completely and sterilized by autoclaving at 121 °C for 15 minutes 

then cooled to 45 -50 °C in water bath before dispended into sterile Petri 

plates. 

2.4.2. Blood agar 

 This medium was prepared using 40.0 grams from HIMEDIA (M073-500G) 

in 1000 ml purified/ distilled water. Dissolving of the medium completely by 
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heat and sterilized by autoclaving at 121 °C for 15 minutes then cooled to 

45- 50 °C in water bath and aseptically added 5% de -fibrinated sheep blood, 

then mixed well and poured into sterile Petri plates 

2.4.3.   MacConkey’s agar 

The medium was prepared by suspending 51.53 grams from HIMEDIA (   

M001-500G) in 1000 ml purified/ distilled water. Boiling of the medium and 

sterilized by autoclaving at 121 °C for 15 minutes then cooled to 45 -50 °C 

in water bath before dispended into sterile Petri plates. 

2.4.4. Peptone water 

Fifty grams of peptone water powder (Oxoid, CM9- CM10) were added to 

one liter of distilled water, mixed well, distributed in three ml amount into 

clean test tubes and sterilized by autoclaving at 121°C for 15 minutes. 

2.4.5. Sugar test media 

4.5grams of sugar dissolved with 45 ml of peptone water and phenol red o.5 

ml in 100 ml distilled water and transferred to conical flasks, and dispensed 

into test tubes. Insertion of Durham tubes into all tubes. Steaming in 65 °C 

for 30 minutes for sterilization.  

 2.4.6. Motility media (semi-solid medium) 

It was prepared by Suspending 20.0 grams from HIMEDIA (M 260- 500G) 

in 1000 ml purified/ distilled water. Heating and boiling to dissolving the 

medium completely. Dispense in tubes and sterilized by autoclaving at 15 

Ibs pressure 121 °C for 15 minutes, allowed the tubes to cool in an upright 

position.  
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2.4.7. Urea Agar Base (Christensen) 

The medium was prepared by suspending 24.51 grams from HIMEDIA (   

M112S-500G) in 950 ml distilled water. Boiling of the medium and 

sterilized by autoclaving at 15 Ibs pressure in 121 °C for 15 minutes then 

cooled to 50 °C and aseptically added 50 ml  of sterile 40% Urea 

Solution(FD048) and mixed well . Dispended into sterile tubes and allowed 

to set in the slanting position. 

2.4.8. Simmons Citrate Agar 

The medium was prepared by suspending 24.28 grams from HIMEDIA (   

M099-500G) in 1000 ml distilled water. Boiling of the medium and 

dispended in tubes sterilized by autoclaving at 15 Ibs pressure in 121 °C for 

15 minutes.  

2.4.9 Hugh and Lifson’s O-F Medium 

 Preparing  by adding two grams of peptone, five grams of sodium 

chloride,1.5 grams potassium phosphate and three grams of agar to 1000 ml 

distilled water. Dissolving by heating and added 15 ml of bromthymol blue 

0.2 % sterilized by autoclaving at 115 °C for 20 minutes. Added glucose 

solution to give final concentration of 1%, and dispensed in ten ml in test 

tubes (Cowan and Steel, 1974). 

 2.4.10 Mueller Hinton sensitivity testing agar 

This medium was prepared using   38.0 grams from HIMEDIA (M173-

500G) in 1000 ml distilled water. Heating and boiling to dissolve the 

medium completely.  Sterilization by autoclaving at 15 Ibs pressure 121 °C 

for 15 minutes. Then mixed well and poured into sterile Petri dishes. 
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2.4.10.1 Preparation of turbidity standard 

Preparing of 1% v/v solution of sulphuric acid by adding one ml of 

concentrated sulphuric acid to 99 ml of water. The ingredients were mixed 

well, the preparation of (1% w/v) solution of barium chloride by dissolving 

0.5 g of dihydrate barium chloride in 50 ml of distilled water, added 0.6ml of 

the barium chloride solution to 99.4 ml of the sulphuric acid solution, and 

mixed and transferred small volume of the turbid solution to a capped tube 

of the same type as used for preparing the test Cheesbrough (2005). 

      2.5. Culturing and purification of culture 

 The bacteriological culture was performed following the standard 

microbiological technique (Quinn et al., 1994). A swab of each milk 

samples was streaked on the two media: blood agar and MacConkey’s agar. 

After culturing of the samples then the plates were incubated for 24 to 48 

hours at 37 °C, the plates were examined for growth, morphologic features 

of the colonies and hemolytic characteristic. Purification was achieved by 

culturing on nutrient agar and incubated at 37 °C for 24 hours.  

Presumptive identification of the isolated bacteria was done on the basis of 

colony morphology, heamolytic characteristics. 

2.6. Gram’s stain technique  

Films were made from purified cultures with a sterile loop, emulsified in a 

drop of normal saline on clean microscopic slides then dried and fixed by 

flame. The stages of the method were crystal violet (1 min), lugol’s iodine (1 

min), decolorized by alcohol 95% (20seconds), and then stained with dilute 

carbol fuchsin (15 sec). All slides were washed after each step by water. 

Examination of the slides under the microscope in oil immersion lens. 



 
 

33 
 

Positive organisms identified by blue coloration, negative organisms showed 

red coloration and also the shape of the bacteria was seen (Barrow and 

Feltham, 2003).  

2.7. Biochemical tests 

Biochemical reactions were done according to standard (Barrow and 

Feltham, 2003). 

2.7.1. Motility test 

 Motility medium (semi-solid medium) inoculated with a straight wire, made 

single stab down the center of the tube to about half the depth of the 

medium. Then incubated at 37 °C for 24 hour. Motile organism grew 

migrating beyond the stab line (Turbid) while the growth of non-motile 

organisms was confined to the stab line. 

2.7.2. Oxidase test   

The fresh culture of the tested organism was smeared by oxidase strips and 

those were done in a filter paper impregnated with 1% Tetra methyl – p- 

phenylene diamine dihydrochloride (oxidase reagent), positive result was 

shown by the development of dark purple color within five to ten seconds. 

2.7. 3. Oxidation Fermentation test (O.F) 

Two tubes of O.F. medium (Hugh and lifson’s media) were stabbed by the 

organism under test with straight loop. To one of the tubes, a layer of 

paraffin oil was added. The two tubes were incubated at 37°C for48 hrs, 

with inoculated tubes as a control. Development of yellowish color in the 

two inoculated tubes indicated fermentation, where as oxidation reaction 

was indicated by the development of yellow color in the open tube 
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Changes of the color of the medium in both tubes = fermentative= (F) 

Changes of the color of the medium in the open tube = oxidative = (O) 

No changes of the color of the medium in both tubes = negative = (-) 

2.7.4. Catalase test   

A drop of 3% hydrogen peroxide (H2O2) was placed on a clean microscopic 

slide. Sterile Pasteur pipette was used to transfer a portion of a bacterial 

colony to be tested from solid media to the drop of hydrogen peroxide and 

mixed together. Immediate production of gas bubbles was considered a 

positive test. 

2.7. 5. Coagulase test   

 All colonies of the sample s were inoculated in peptone water. A drop of the 

bacteria from fresh culture was placed on a Tube Coagulase Test 

approximately one ml of coagulase reagent (human plasma) in a labeled test 

tube and incubated at 37 °C for 24 hours. The development of clumping 

indicates a positive test (clot formation). 

2.7.6. Fermentation of sugars test  

Carbohydrate media were inoculated with the tested organism. Changing of 

the color to pink was regarded as appositive result. The cultures were 

monitored for seven days before they were discarded. 

 2.7.7. Urease test   

The slope of Christensen’s medium agar was streaked with the isolate under 

test, incubated at 37 °C and examined after 24 hours and daily for seven 
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days. Urea hydrolysis was indicated by the changes of the medium from 

yellow to pink color. 

2.7.8. Citrate utilization test   

A single well isolated colony of the tested organism was streaked over the 

surface of the slope of Simmon’s citrate medium, incubated at 30 °C and 

examined daily for seven days. The change of the medium color from green 

to blue indicates utilization of citrate (Positive test). 

     2.7.9. Indole test   

Peptone water was inoculated with tested bacteria and inoculated at 35 °C 

for 24 hours. After incubation 0.2 - 0.3 ml Kovac´s reagent was added and 

the tube was well shaken and examined after one minute. Appositive 

reaction was indicated by the red color in the reagent layer and yellow color 

means negative. 

2.7.10. Anti microbial sensitivity test   

Using a sterile wire loop, three to five well isolated colonies of the same 

type from the culture plate were taken and emulsify in three to four ml of 

sterile physiological saline, the turbidity was checked by suspension to 

turbidity of the chemical standard. Using a sterile swab the inoculated plate 

of Mueller Hinton agar, removing of excess fluid by pressing and rotating 

the swab against the side of the tube, swabbing the surface of the sensitivity 

testing agar and ensure even distribution, using sterile forceps placing 

antimicrobial discs on the inoculated plate, pressed down to ensure its 

contact with the agar, within 30 minutes of applying the disk and incubated 

aerobically at 35°C over night and measuring the zone of inhibition in mm 
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Cheesbrough (2005). The sensitivity of isolates was examined by using the 

following antibiotics: 

Ampicillin  (AS) 20mcg,  Oflaxacin (OF)5mcg, Gentamycin (GN)10 mcg, 

Vancomycin  (VA) 30mcg , Tetracycline (TE) 30mcg, Ciprofloxacin (CIP) 

5mcg and Erythromycin (E)15 mcg. 

2.8. Statistical analysis 

The data of sensitivity to antibiotics was analyzed using SPSS (Version 

17.0) computer soft ware program. The method used was one way ANOVA  

and the statistical significance was set at P- value of ≤ 0.05. 
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CHAPTER THREE 

RESULTS 

3.1. Clinical status of mastitis 

 The result showed high incidence of acute mastitis (62.2%) followed by 

chronic mastitis (35.6%) and gangrenous mastitis (2.2%) as shown in Fig 

(1). 

3.2. Identification of bacteria isolates   

3.2.1. Reaction to Gram Stain 

Microorganisms isolated in this study were 86.7% Gram positive bacteria, 

while Gram negative bacteria were 13.3 % as shown in Fig (2). 

3.2.2. Identification of bacteria genera 

The bacteria isolated from milk samples included Gram positive cocci and 

rods and Gram negative rods. The bacteria isolated were Staphylococcus spp 

(73.4%), Bacillus spp (8.9%), Streptococcus spp (4.4%), Escherichia spp 

(8.9%) and   Pseudomonas spp (4.4 %) as shown in Fig (3). 

3.3. Biochemical tests 

Table one showed the biochemical tests done for the identification of 

Staphylococcus spp, table two showed biochemical tests were done for 

identification of  Streptococcus spp and table three showed biochemical tests 

were done for identification of Bacillus spp. whereas table four showed 

biochemical tests were done for identification of Pseudomonas spp and table 

five showed biochemical tests were done for identification of Escherichia 

spp. 
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 3.4. Isolated bacteria and type of inflammation and number of affected 

quarters 

The different types of inflammation that affected different number of 

quarters, Staphylococcus spp was found to infected one or two quarter 

causing chronic mastitis, and acute mastitis, but sometimes gangrenous 

mastitis. Streptococcus spp was infected one or two quarter causing acute 

mastitis. Pseudomonas spp infected one quarter causing acute mastitis, but 

Bacillus spp was infected two or three quarters causing acute mastitis. While 

Escherichia spp involved the four quarters causing mainly acute mastitis. 

3.5 Antibiotic sensitivity test 

All of isolates were subjected to the antibiotic sensitivity test. The results 

showed high susceptibility to antibiotics ciprofloxacin, gentamycin, 

tetracycline then vancomycin, oflaxacin, the resistances were to ampicillin 

and erythromycin (Table 6). 

 

 

 

 

 

 

 



 
 

39 
 

Fig (1): Types of mastitis in mastitic cows (n=45) in Eldamazine locality- 

Blue Nile State 
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Fig (2): Number of the Gram positive and Gram negative bacteria isolated 

from milk samples of mastitic cows (n=45) in Eldamazine locality- Blue Nile 

State 
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Fig (3): Types of Bacterial Genera isolated from milk samples of mastitic cows 

(n=45) in Eldamazine locality- Blue Nile State 
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Table (1): Biochemical tests for identification of Staphylococcus spp from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Biochemical test Staphylococcus spp 

1 2 3 

Gram stain + + + 

Cocci/ Bacilli Cocci Cocci Cocci 

Haemolysis in blood agar + - - 

Growth motility - - - 

Catalase + + + 

Co agulase + - - 

Oxidase - - - 

O.F + F + F + F 

Glucose + +   + 

Lactose + +   + 

Sucrose + +   + 

Maltose + +   - 

Fructose + +   + 

Trehalose + -   + 

Xylose - -   - 

Urease + +   + 

Indole - -   - 

Mannitol + -   - 

Key: 

F        :   Fermentative 

1, 2, 3 : Staphylococcus spp ( three species). 
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Table (2): Biochemical tests for identification of Streptococcus spp from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Biochemical test Streptococcus spp 

Gram stain + 

Cocci/ Bacilli Cocci 

Haemolysis in blood agar + 

Growth motility - 

Catalase - 

Co agulase - 

Oxidase - 

O.F Fermentative 

Glucose + 

Lactose + 

Sucrose + 

Maltose + 

Fructose + 

Trehalose + 

Xylose - 

Urease - 

Indole - 

Mannitol - 

                 

 



 
 

44 
 

Table (3): Biochemical tests for identification of Bacillus spp from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Biochemical test Bacillus spp 

Gram stain + 

Cocci/ Bacilli Bacilli 

Haemolysis in blood agar + 

Growth motility + 

Catalase + 

Co agulase - 

Oxidase - 

O.F Fermentative 

Glucose + 

Lactose - 

Sucrose + 

Maltose + 

Fructose + 

Trehalose + 

Xylose - 

Urease + 

Indole - 

Mannitol - 
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Table (4): Biochemical tests for identification of Pseudomonas spp from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Biochemical test Pseudomonas spp 

Gram stain - 

Cocci / Bacilli Bacilli 

Growth in MacConkey agar + 

Motility + 

Oxidase + 

Catalase + 

Co agulase - 

O.F +Oxidative 

Glucose + 

Lactose - 

Sucrose - 

Fructose + 

Mannose - 

Maltose - 

Trehalose + 

Xylose + 

Manitol + 

 Simmon’s citrate  + 

Urease  - 

Indole - 
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Table (5): Biochemical tests for identification of Escherichia spp from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Biochemical test Escherichia spp 

Gram stain - 

Cocci / Bacilli Bacilli 

Growth in MacConkey agar                         + 

Motility + 

Oxidase - 

Catalase + 

Co agulase - 

O.F +Fermentative 

Glucose - 

Lactose - 

Sucrose + 

Fructose - 

Mannose + 

Maltose + 

Trehalose + 

Xylose + 

Manitol + 

 Simmon’s citrate  - 

Urease  - 

Indole + 
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Table (6): Degree of antibiotics susceptibility on isolated bacteria from milk 

samples of mastitic cows (n=45) in Eldamazine locality-Blue Nile State 

Isolated 

bacteria AS OF GN VA TE CIP E 

Staph spp 

(1) 

5.73±3.

77 

16.62±2.

21 

18.62±1.

50 

15.04±2.

63 

13.81±2.

17 

18.85±1.

35 

7.00±2.6

7 

Staph spp 

(2) 

4.00±3.

37 

16.25±2.

22 

19.50±1.

29 

15.00±0.

82 

16.25±2.

06 

18.00±1.

63 

2.50±3.3

2 

Staph spp   

(3) 

4.00±3.

61 

15.33±1.

53 

19.33±1.

15 

13.67±1.

53 

16.33±2.

08 

18.67±2.

08 

8.67±2.5

2 

Streptococcus  

spp 

3.50±4.

95 

20.00±1.

41 

19.50±0.

71 

16.50±2.

12 

15.00±1.

41 

19.50±2.

12 

11.00±2.

83 

Pseudmonas 

spp 

0.00±0.

00 

1.50±2.1

2 

6.00±1.4

1 

0.00±0.0

0 

2.00±2.8

3 

6.00±1.4

1 

6.50±2.1

2 

Escherichia 

Spp 

7.00±2.

16 

7.25±2.6

3 

17.75±2.

22 

3.25±3.9

5 

14.00±3.

16 

21.00±1.

83 

11.75±2.

50 

Bacillus  

Spp 

0.50±1.

00 

16.00±1.

83 

19.25±0.

96 

11.25±3.

30 

17.50±1.

91 

15.50±1.

91 

13.00±1.

63 

Sig * ** ** ** ** ** ** 

Sig = Significance * = p≤ 0.05      ** = p ≥ 0.01           ns = not significant 

 Key:    AS  :   Ampicillin              OF    :  Oflaxacin      

            GN  :   Gentamycin           VA   :   Vancomycin                  

             TE  :   Tetracycline          CIP   :   Ciprofloxacin   

              E   :   Erythromycin  

           Staph spp (1), (2), (3):   Staphylococcus spp (three species)                                      
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CHAPTER FOUR 

Discussion 

 Mastitis among bovine is a common disease, several surveys conducted in 

Sudan showed that the prevalence of bovine mastitis is high (Mustafa et al., 

1977; Ibrahim and Habib alla, 1978). 

In this study Staphylococcus spp was high percentage (73.4%) might be 

attributed to the survival of the bacteria in the environment and high 

infectivity to the udder, this finding supports the previous finding of 

Radostitis et al. (1994) who mentioned that Staphylococcus aureus is the 

first microorganism increminted in bovine mastitis. Predominance of 

Staphylococcus aureus in mastitis in cows has been reported by Watts 

(1988). This result agreement with Bagadi (1970) and Adlan et al. (1980) 

who reported that Staphylococcus aureus was the most frequent cause of 

mastitis in British dairy cows. The same results obtained by Mamoun and 

Bakheit (1992) and Mwahib (2010) who reported that Staphylococcus 

aureus was the most frequently isolate udder pathogen, Reem (2008) 

revealed that the high incidence might be attributed to the increases in 

number of animals per farm and spread of strain resistance and agrees with 

Elsayed (2000) who isolated Staphylococcus hyicus as 8.85%. Also this 

result agrees with Mashaer (2017) who isolated Staphylococcus epidermidis 

(8%) from mastitic cows in Khartoum North.  

Isolation of Escherichia spp (8.9%) in this study agreement with Radostitis 

(2000) who reported that in contrast to contagious mastitis, environmental 

mastitis caused by coliform bacteria E.coli is primarily associated with 

clinical mastitis. 
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Isolation of Bacillus spp (8.9%) from mastitic milk samples could be 

attributed to failure of sanitary programmes which help in the elimination of 

the causative agents, this supported by Quinn et al. (1994) who mentioned 

that Bacillus spp was isolated from mastitic milk of bovine and this is agreed 

with Nail et al. (2003) and Reem (2008) who isolated Bacillus spp from 

mastitic cows in Khartoum State. The species Streptococcus (4.4%) was 

isolated in this study is similar to Afaf (2012) who isolated 28% 

Streptococcus agalactiae and 4% Streptococcus dysgalactiae, Ibtisam and 

Elowni (2006) isolated  Streptococcus spp as 1.08% from the air of studied 

farms suffering from bovine mastitis. Also, the isolation of Pseudomonas 

spp (4.4%) is similar to Madut et al. (2009) who isolated Pseudomonas spp 

from mastitic milk of bovine. 

Most of isolates tested revealed high percentage of susceptibility to 

antibiotics, this finding is agreed with Ibtisam etal. (2006)  who stated that in 

Sudan most of mastitis caused by bacteria, were highly susceptible to 

antimicrobial agents. In this study gentamycin, ciprofloxacin and 

tetracycline showed the best antimicrobial effects against the tested isolates. 

Tetracycline possesses antimicrobial activity by binding to the ribosomal 

subunit (30 S) of the susceptible organism that interfering with bacterial 

protein synthesis in growing or multiplying organisms (Gale and Folkes, 

1953; Suzuka et al., 1966). Because of this tetracycline group is inhibiting 

the growth of a wide variety of bacteria.  Followed by vancomycin and 

oflaxacin, the tricyclic glycopeptide vancomycin is active against gram 

positive cocci, enterococci and aerobic gram negative bacteria, but N-alkyl 

vancomycin is five times more active than vancomycin (Nagarajan et al., 

1989). However, aminopenicillins generally active against some 
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Enterobacteriaceae and gram positive (Adams, 2001). Also, ofloxacin is 

bactericidal that inhibiting bacterial DNA replication and transcription 

(Ferrero et al., 1995; Drlica and Zhao, 1997).  This drug activity against 

most of gram-negative and gram-positive bacteria. All isolates resistant to 

erythromycin except Bacillus spp and all isolates resistant to ampicillin. 

Escherichia spp resistant to vancomycin and oflaxacin and Pseudomonas 

spp resistant to all antibiotics used including gentamicin in contrast to 

finding of Adams (2001) who stated that this organism is sensitive to the 

therapy.  

CONCLUSION 

Mastitis in Eldamazine locality is common among herds, this indicates that 

mastitis is serious problem across herds in this area. Continuous monitoring 

of mastitis, and its management, is essential for the well-being of a dairy 

herd, which can be achieved through the detection of mastitis in its early 

stages and treatment of the mastitis infection. The major findings of the 

present study could be concluded in:  acute bovine mastitis is common with 

(62.2 %), chronic bovine mastitis (36.5 %) and gangrenous bovine mastitis 

(2.2 %) in Eldamazine locality, the  isolated  bacteria caused  mastitis from  

mastitic  cows were  Staphylococcus spp (73.4 %),  Streptococcus spp (4.4 

%),  Bacillus spp (8.9 %), Pseudomonas spp( 4.4 %) and Escherichia spp 

(8.9%). Staphylococcus spp were the most frequent isolated bacteria. The 

effective antibiotics used were gentamycin, vancomycin, ciprofloxacin, 

oflaxacin and tetracycline and ineffective antibiotics used were 

erythromycin and ampicillin with high resistant.  
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RECOMMENDATIONS 

1- Hygienic measures and practices procedure in dairy farm must be 

sustainable to prevent from mastitis. 

2- Examination of the udder and milk sampling from dairy cows should be 

taken for routine examination. 

3- The usage of antibiotics in dairy farms should be under supervision of  

veterinarian to avoid misuses which leading to the development of antibiotic 

resistant bacteria. 

4- Antimicrobial sensitivity testing should be practiced before treatment of       

mastitis with antibiotics. 

5- More epidemiological studies on the occurrence of mastitis and its 

association with environmental factors are needed to adopt the suitable 

control measures. 
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