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CHAPTER 1 

INTRODUCTION 

Pakistan is ranked at 3rd regarding the milk production (43.56 million tons) among the 

different milk producing countries in the world (Hussain et al. 2012). Approximately 8.43 

millions of people in Pakistan are engaged in raising cattle (33.0 million) and buffaloes (29.9 

million) which contribute to more than 95% of the entire milk production in the country (Hussain 

et al. 2012; Hussain et al. 2013). Massive efforts have been taken concerning the development in 

fields of animal nutrition, animal breeding and livestock management to meet the countless 

demand of milk and milk byproducts in the last few years (Tiwari et al. 2013).  

Mastitis, being the most significant disease of dairy animals, largely affects the farm 

economics by decreasing milk production and increasing the treatment costs (Mohammadian, 

2011). Microorganism, farm management and environment are interrelated in the development 

of intra mammary infections. Mastitogens enter through teat orifice, pass through teat canal to 

reach the mammary parenchyma, multiply in mammary tissue and results into udder 

inflammation (Steeneveld et al. 2008; Amritha and Kaliwa 2013; Ali et al. 2014).  

Mastitis in the early stage of lactation causes extensive production losses (Bachaya et al. 

2011; Nazifi et al. 2011). Mastitis incidence in dairy cows is considerably increasing and is 

resulting in a challenging situation for the field veterinarians and associated researchers (Awale 

et al. 2012). Comprehensive research oriented studies to determine the associated risk factors of 

mastitis such as udder microflora, host and surrounding environment as control measures have 

been conducted. Incidence of mastitis is largely affected by the farm management and 

environment related risk factors. Other factors associated with occurrence of mastitis are milk 

production potentials of dairy animals, type of housing, feeding system, milking methods, health 
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status and preventive measures in disease control (Hussain et al. 2013; Ali et al. 2014). Mastitis 

is markedly linked with udder shape, udder depth, greater teat canal diameter, low teat length, 

teat lesions and teat shapes (Bhutto et al. 2010; Hussain et al. 2013). Additionally, phenotypic 

and genetic based investigations are necessary tools in learning how to lower the disease 

incidence in farm animals. Various physical traits which affect the susceptibility of host for 

disease occurrence are udder shape, presnence of milk leakage, udder edema, affected udder 

quarter involved, pointed teats, higher somatic cells count and teat end to ground distance 

(Hussain et al. 2013; Ali et al. 2014). Inflammation of the mammary gland results in the release 

of different harmful toxins in the mammary parenchyma which leads to the increased milk 

somatic cell count and severe tissue damage (Yousaf et al. 2010). Somatic cells in milk comprise 

of mainly macrophages, lymphocytes, neutrophils and epithelial cells (Abera et al. 2010). Newly 

entered and tenant milk somatic cells in the mammary parenchyma at early stage of lactation 

play vital role in the development of udder infections and eventually results in tissue changes. 

The udder tissue lesions can vary from no, visible changes to increased vascular permeability, 

increased somatic cells count in milk and development of teat and udder fibrosis (Oviedo-Boyso 

et al. 2007).  

Subclinical mastitis can be diagnosed by measuring changes in biochemical parameters 

mainly including somatic cell counts, lactose  concentration in milk and levels of sodium, 

potassium, calcium and magnesium both in milk and blood (Kalorey et al. 2001; Yildiz and 

Kaygusuzoglu 2005). Significant variations have been described with decrease levels of 

potassium and an increase levels of sodium, iron and zinc in milk of infected cows with 

subclinical mastitis (Gera et al. 2011; Guha and Gera, 2012; Haron et al.2014). Moreover casein 

and lactose decreases while electrical conductivity increases during subclinical mastitis (Jones, 
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2009; Calderon-Rangel et al.2014). During intra-mammary infections, milk somatic cells release 

non-lysosomal and hydrolytic enzymes such as β-galactosidase and lactate dehydrogenase which 

impair the milk quality. Concentrations of milk protein, fat, lactose and several micro and macro 

minerals in milk are decreased as a result of mastitis in lactating animals (Hussain et al. 2012; 

Hamadani et al. 2013). Different enzymes in milk such as alkaline phosphatase and lactate 

dehydrogenase are cytoplasmic enzymes which originat from the disintegration of leukocytes, 

interstitial cells and the damaged epithelial cells of udder. During sub-clinical mastitis 

concentrations of these enzymes in milk and serum is increased in lactating animals and 

considered the best biomarker of udder health (Akerstedt et al. 2011; Yang et al. 2011; Kalantari 

et al. 2013).  

Different biochemical changes in milk such as increased concentrations of sodium, 

malondialdehyde and decreased concentration of potassium are valuable diagnostic tools to 

examine the udder health in lactating animals. Previously milk pH, milk electrical conductivity 

and potassium have been reported as sensitive and important diagnostic tools as indicators for 

sub-clinical mastitis in bovines (Yang et al. 2011; Eshratkhah et al. 2012; Hussain et al. 2012). 

Bovine mastitis is caused by different types of microorganisms mainly including 

Staphylococci, Streptococci, Escherichia coli and Corynebacterium species (Fakhar-uz-Zaman et 

al. 2009; Sharma, 2010; Hussain et al. 2012). Staphylococcus aureus is the most significant 

etiological agent causing mastitis and it is responsible for dairy scourge in the livestock industry 

(Hussain et al. 2012; Raza et al. 2013) and also the most commonly isolated pathogen in 

subclinical mastitis (Amin et al. 2011).  Staphylococcus aureus is highly significant pathogen 

both in animal and human diseases. It is of great economic significance to the dairy business on 

account of Staphylococcal udder infection results in subclinical mastitis resulting in decrease in 
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milk quantity and quality (Gharib et al. 2013). These etiological agents get entry into mammary 

parenchyma through teat opening where udder morphology and teat associated lesions play 

critical role in the occurrence of mastitis (Chrystal et al. 2001; Hussain et al. 2013). Mastitis is a 

multi etiological disease, however, Staphylococcus aureus is the most important and lethal agent 

that causes chronic and deep infections in udder tissue and becomes difficult to treat successfully 

(Tyagi et al. 2013).  

The contagious pathogens involved in mastitis are usually transmitted by the infected 

glands to normal udders. S. aureus can be transmitted through milker’s hands (Ali et al. 2011) 

and is globally identified as a major pathogen in a variety of management circumstances 

(Karahan and Cetinkaya 2007; Taponen and Pyorala 2009). Udder infections attributable to S. 

aureus cause massive fiscal losses in the livestock sector (Guler et al. 2005; Nazifi et al. 2011).  

Several approaches regarding phenotyping and genotyping procedures are being used to 

sub-type the Staphylococcus aureus recovered isolates of both animals and human origin such as 

amplification of the specific genes areas, plasmid analysis (Kalorey et al. 2007; Saei et al. 2009) 

and gene  typing procedures (Wang  et al.  2009). Molecular diagnosis could be the most suitable 

technique for species identification of pathogens involved in mastitis that are difficult to identify 

by conventional methods. PCR based diagnostics may offer significant advantages over other 

usual diagnostic methods for its sensitivity and speed when used for the identification of mastitis 

pathogens. In this method DNA of a specific mastitis pathogen is targeted (Mahmmod et al. 

2013). Molecular typing of the bacterial agents is now standard as well as necessary factor of 

disease control program. The molecular based techniques are helping in preventing spreading of 

bacterial infections and developing in effective of disease control programs. Staphylococcus 

aureus identification based on coagulase production is a significant phenotypic feature being 
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used worldwide (Goh et al. 1992). Amplification of coagulase gene has been considered as a 

simple and precise method for typing the Staphylococcus aureus. However, the diagnosis of 

various mastitogens is also based generally on the bacterial isolation and on molecular detection 

for identification of pathogen at genus and species level. The routine investigative  approach  

regards  an  isolate  from  milk sample of infected udder as  a  sole  pathogen  entity.  On the 

other hand,  genotypic and phenotypic variants with  discrete epidemiological patterns (i.e. host,  

geographical  distribution and  pathogenic  potential)  are widely recognized (Haveri  et  al. 

2008; Anderson  et  al. 2012;  Piccinini et  al. 2012).  

Staphylococcus aureus remains a major issue under different tropical and sub-tropical 

management situations. Staphylococcus aureus possess several proteins which are virulent in 

nature and transmits simply in lactating animals (Marjan et al. 2009; Karahan et al. 2011; 

Maksymiec and Mikolajczyk 2012). Coagulase and spa proteins are virulence factors found in S. 

aureus which induce mastitis (Karahan et al. 2011). Spa is a surface protein of cell wall that 

impairs the opsonisation and the phagocytosis process by binding with Ig G antibody (Gao and 

Stewart 2004). Eradication of S. aureus is very difficult despite the conduction of intense 

measures for control purpose. Consequently, control of the S. aureus mastitis pathogen has 

fundamental importance and remains an essential part of mastitis control (Waller et al. 2009). 

Antimicrobials have a key role in mastitis control programs, and mastitis is major reason 

for using antibiotics in dairy animals (Mitchell et al. 1998; Awandkar et al. 2013). Thus, 

monitoring for antibiotic resistance on the basis of antibiogram studies is also essential to make 

sure that proper selection of antibiotics used to treat mastitis occurs on the basis of antibiogram 

studies (Moroni et al. 2006; Awandkar et al. 2009). Therefore, effective disease prevention and 

etiological based therapy requires accurate microbiological analysis along with sensitivity testing 
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against the microbial agents in mastitis (Malinowski et al. 2002). However, indiscriminate use of 

antimicrobial agents involved against udder infections makes the pathogens involved more 

vulnerable for development of bacterial resistance. It is one of the reasons for treatment failure in 

mastitis without testing the in vitro sensitivity patterns of therapeutic agents against the causative 

organisms. So it is necessary to formulate the appropriate therapeutic measures with suitable 

antibiotics based on the results of antimicrobial sensitivity pattern against the bacteria isolates 

(Garg, 2001; Alian et al. 2012; Haque et al. 2014). Furthermore S. aureus attains the antibiotic 

resistance with remarkable adeptness (Booth et al 2001). Therefoer the antibiotic having high 

efficacy against bacterial infections should be recommended after in vitro testing (Benton et al 

2004). Cholistani is a dual purpose breed of cattle kept for milk and drought purpose and it is a 

main source for socio-economic uplift of nomads of Cholistan desert (Ali et al. 2009). However, 

the lack of scientific data regarding the incidence and impacts of mastitis in Cholistani cattle 

impedes its control and and also impedes further development of the breed. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

Mastitis is a complex and multifaceted disease of the mammary gland which is 

characterized by physical, biochemical, microbiological and cytological changes in the milk and 

blood. Mastitis induces the various pathological changes in the lacteal tissues of the udder and 

alters the quality and quantity of milk (Amir, 2013; Patnaik et al. 2013). Mastitis is categorized 

into acute, chronic, gangrenous and subclinical forms. It is characterized by the inflammation of 

mammary gland (Amir, 2013; Kathiriya et al. 2014; Zenebe et al. 2014). Numerous pathogens 

are involved in udder infections in lactating animals. Staphylococcus aureus is the most 

frequently recovered pathogen from bovine mastitis. It is a contagious type of pathogen and 

spreads quickly in the lactating dairy animals during milking and causes sub-clinical, clinical and 

chronic types of mastitis (El-Sayed et al. 2006; Sahu et al. 2014). The mammary parenchyma of 

lactating animals provides standard conditions of temperature and sustenance for the growth of 

bacteria (Patnaik et al. 2013). Mastitis is caused when a pathogen enters into the udder via teat 

orifice, impedes the host immune response, starts to multiply and produces harmful toxins that 

damage the mammary parenchyma as a result vascular permeability increases (Moroni et al. 

2006; Oviedo-Boyso et al. 2007; Ibrahim et al. 2011). 

Economic importance and description of mastitis 

Mastitis is a devastating disease in the dairy sector that causes huge economic losses by 

decreasing milk yield (3-5 %), culling of premature and chronically affected animals, increased 

expenses on labor and treatment of mastitis cases. The occurrence of mastitis in dairy animals 

has decreased because of better management and the adoption of valuable control measures. It 
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affects production performance of the dairy animals, decreases the milk quality and number of 

bacterial agents produce toxins in milk which can pose severe risks to human health (Hogan, 

2005; Marjan et al. 2009; Hussain et al., 2012). On the other hand inspecting the total 

expenditures that are spent in mastitis treatment and prevention scientists have made some 

strategies on the basis of direct effects of the disease.  Staphylococcus aureus is the species most 

frequently isolated from bovine mastitis, a disease responsible for significant economic losses all 

over the world (Oliveira, et al. 1998). Kossaibati and Esselmont (1997) investigated the average 

cost spent per animal diseased with mastitis was £218 in England. Singh and Singh (1994) 

described that mastitis is economically devastating type of disease and hinder the required 

production in dairy sector. Philpot (1976) performed California mastitis test on milk samples and 

observed decrease in milk yield of positive animals detected for sub-clinical mastitis animals and 

recorded 45.5% prevalence in different dairy herds. In India as a result of mastitis, 17.5 to 50% 

reduction in average milk yield and economic losses of Rs.16, 072 million have been reported. 

Cady et al. (1983) reported that mastitis in Nili Ravi breed of buffaloes resulted in reduced milk 

production by 438 kg per animal with 57 days reduction in lactation length, while Miller et al. 

(1991) determined milk losses attributable to clinical mastitis was 341 kg in 60 days. Economic 

losses attributed to mastitis may possibly be divided into decrease milk yield by 70%, discarded 

milk because of medication by 8%, veterinary charges by 8% and the premature culling by 14% 

(Barkema et al. 2006; Halasa et al. 2007). The amount of the production losses depend on 

mastitis causing organism, parity number of lactating dairy animals and stage of lactation at 

which intra-mammary infections occur. In lactating dairy animals, losses due to decrease in milk 

production become harsh when the clinical mastitis occurs earlier than the peak milk yield due to 

infection with because of S. aureus, E. coli and Klebsiella (Grohn et al. 2004; Wilson et al. 
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2004). Subclinical mastitis in late stage of lactation causes higher production losses to the dairy 

farmers (Hortet et al. 1999; Bennedsgaard et al. 2003). Rajala-Schultz et al. (1999a) reported 

110-552 kg of milk loss because of mastitis during the entire lactation length of dairy cows. De 

Graves and Fetrow (1991) calculated the $2 billion of total costs spent in treating the bovine 

mastitis per year globally. Mastitis results in the premature removal of lactating animals from 

dairy herd, alters the reproductive performance, increased rate culling thus causing the huge 

economic losses to the dairy farmers (Moore et al. 1991; Cullor, 1996; Barker et al. 1998; Oliver 

et al. 2000; Parker et al. 2007b). 

Mastitis can be instigated through teat injury or infection by numerous pathogens mainly 

including the bacteria, viruses, fungi and algae. These mastitic pathogens can be characterized on 

the basis of etiology, pathogenesis and severity of udder infections but majority of the intra 

mammary infections in dairy animals are due to different bacterial agents (Jain, 1979; Oliver and 

Mitchell 1983; Wilson et al. 1997; Waage et al. 1998).  Clinical mastitis results into the 

inflammation of mammary parenchyma and shows the systemic response of the mammary gland, 

including hard quarters, discoloration of the udder, flakes and clots in the milk, abnormal 

secretions from teats and loss of appetite (Akers, 2002). On the contrary sub-clinical form of 

mastitis does not exhibit the clinical signs and remains inapparent in the affected dairy animals. 

An increase in somatic cell scores is the classic outcome of the sub-clinical mastitis (Reneau, 

1986; Akers and Thompson 1987). Subclinical mastitis in dairy animals can be detected by 

bacterial culturing techniques from milk samples but this normally it is not a superior test. 

Diagnosis of the sub-clinical mastitis in the standard way can be done by measuring the milk 

somatic cells along with several other diagnostic tools such as computing the electrical 

conductivity, proteins and enzymes estimation (Hamann, 2002; Akerstedt et al. 2007). Awale et 
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al. (2012) reported that approximately 70% economic losses are because of decrease in milk 

production in mastitis cases. Mastitis directly and indirectly affects the economy of the livestock 

farmers that eventually affects the economy of the country through adverse effects on health of 

animal, milk quality and milk production. 

Pathogens involved in intra mammary infections  

Mastitis badly affects the milk yield and its processing in dairy animals. It alters the 

biochemical and organoleptic properties of milk and also poses the zoonotic implications through 

milk (Bradley 2002). Bacteria can survive in the teat canal despite the presence of a keratin 

lining which is growth inhibitory in nature (Trinidad et al. 1990a). Milk is a germ-free secretion 

of lacteal tissues of the udder which can get contaminated with different types of microorganisms 

when it passes out of the udder. Different microorganisms change milk color, taste, odor and also 

results into food borne diseases. Pathogenic microorganisms enter into milk due to improper 

milking, unhygienic conditions of the udder and handlers and results in the deterioration of milk 

and milk products. Various types of pathogens are involved in causing bovine mastitis and their 

prevalence varies from one lactating dairy herd to other. Bacteria are the most prominent 

pathogens among all and act as a first line in causing intra-mammary infections all over the 

world (Bradley, 2002; Unnerstad et al. 2009). Mastitis caused by bacteria that are grouped as 

contagious and non-contagious types, cell wall of gram-positive bacteria comprised of 

peptidoglycan layers that withhold the crystal violet stain but the peptidoglycan layers are absent 

in gram negative bacteria.  

Mastitis caused by Staphylococcus aureus is strongly associated with increased milk 

somatic cell count and remains as a big problem in dairy animals in different regions of the 
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world. This pathogen is highly contagious and spreads rapidly with in lactating dairy herds 

(Barkema et al. 2006; Marjan et al. 2009). Most frequently recovered gram positive bacteria 

from mastitic udders are Staphylococcus aureus, Streptococcus agalactiae, Streptococcus 

dysgalactiae and Streptococcus uberis (Piepers et al. 2009). While E. coli mainly involved in 

causing mastitis in lactating dairy animals from group of gram-negative bacteria (Pyorala et al. 

1994; Djabri et al. 2002; Piepers et al. 2009; Unnerstad et al. 2009). Several studies have also 

described about the involvement of different bacterial agents as cause of mastitis in lactating 

animals are Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus dysgalactiae, 

Streptococcus agalactiae,  Staphylococcus hominis, Staphylococcus hyicus, Escherichia coli, 

Bacillus species, Corynebacterium species and Staphylococcus xylosus (Ali et al. 2008; 

Unnerstad et al. 2009; Waller et al. 2009).  

Table 2.1: Previously different mastitis causing pathogens isolated from cows and buffaloes in 

Pakistan 

Researchers Animal

species 

Staphyloc

occus 

aureus 

Strepto

coccus 

Agalact

iae 

E. coli Strep.dysagalactia

e1 

Strep. pyogenes2. 

Strep. uberus3,S. 

epidermidus4.S. 

xylosis5 

Mycobacteri

um1, 

 Strep. 

fecealis2 

,Coryne.pyog

enes3 

Pseudo.erug
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enosa4, 

Yeast5, 

klebsiella6, 

B.cereus7 

Ahmad, 

1966 

Buffalo (44.00) --------- -------- -------- --------- 

Ghuman, 

1967 

Buffalo (91.20) (1.8) (1.6) -------- (0.8)7 

Ahmad, 

1968 

Buffalo (84.4) (2.00) (4.00) (10.0)1 ---------- 

Hashmi, 

1978 

Buffalo  (43.09) (36.82) (12.55) -------- (4.2)3, (2.9)4, 

(0.7)5 

Hashmi and 

Munir, 1981 

Buffalo (34.55) (34.44) (20.00) --------- ---------- 

Sahi, 1983 Buffalo (45.45) (33.57) (12.59) ---------- ----------- 

Shireen, 

1984 

Buffalo

es 

(54.54) (10.6) (12.12) (12.11)1 ----------- 
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Anwar and 

Choudhry, 

1983 

Buffalo (40.00) (45.06) (25.00) --------- (5.2)4 

Qamar, 

1992 

Buffalo 

and 

cows 

(25.25) (9.9) (18.88) (4.44)1,(2.4)2, 

(11.1)4 

(2.2)3,(4.4)8, 

(12.2)4 

Fazal-ur-

Rehman, 

1995 

Buffalo (39.06) (3.13) (6.25) (10.94)1 (10.9)3, 

(3.1)5 

Razzaq, 

1998 

Buffalo (53.33) (40.0) (6.66) --------- ----------- 

Ahmad et 

al.2001 

Buffalo (33.26) (35.20) (27.09) --------- (1.48)1 

Khan, 2002 Buffalo (45.00) (23.00) (18.88) --------- (14.00)7 

Khan et al. 

2004 

Cows (49) (30) (13) --------- (8.00)7 

Arshad, et 

al.2006  

Buffalo 

and 

cows 

(23) ------- ------- (10)1 ------------ 

Ali et al. Buffalo (49.53) (23.83) (1.40) (0.93)1,(0.93)5, (0.93)3  
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Numbers in parenthesis and superscripts in the table indicate prevalence and involvement of 

pathogens  

Collected milk samples from udders of lactating animals were subjected for 

microbiological examinations after detection of sub-clinical mastitis through the California 

Mastitis Test. The results of the study showed that the most important isolates were Coagulase 

negative Staphylococci followed by S. aureus, Bacillus cereus and Streptococcus species 

(Batavani et al. 2003). Batavani et al. (2007) investigated sub-clinical mastitis in a total of 209 

milk samples collected from 178 ewes through the California Mastitis Test (CMT). Positive milk 

samples identified through CMT were subjected for microbiological examinations. In the study 

Staphylococcus aureus, Coagulase negative Staphylococci and Bacillus cereus were the most 

common pathogens recovered. They also investigated the lactate dehydrogenase and alkaline 

phosphatase enzymes and reported higher levels of these enzymes in mastitic as compared to 

normal animals. Rahman et al. (2014) estimated the prevalence of subclinical mastitis in cows 

kept in Bonoful dairy farm and other mini dairy farms at Anwara of Chittagong district in 

Bangladesh using California Mastitis Test kit. They tested 153 milk samples, 100 milk samples 

showed positive reaction (65.5%) suffering from subclinical mastitis. Bacteriological 

examinations for isolation of infectious organism was done using those samples which showed 

2008 (6.54)4 

Hussain et 

al. 2012 

Buffalo (23) ------- ------- (37)4 ------- 

Khan et al. 

2013 

Cows 

and 

buffalo 

(82.1)   (14.7)4  
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strong positive result (+++) in CMT test. Results of bacterial culture showed the presence of 

Staphylococcus spp. and E. coli. 

Murray et al. (1998) conducted a study to identify the subclinical intramammary 

infections by milk bacteriology.  Milk samples from 29 cows were collected from four cattle 

herds located in Hamilton, New Zealand. Based on the microbiological examinations of the milk 

samples, results revealed that Staphylococcus aureus, Streptococcus uberis and coagulase 

negative Staphylococci were major pathogens isolated from fore milk secretions. Kerro-Dego 

and Tareke (2003) reported the prevalence and impact of potential risk factors linked with sub-

clinical mastitis in lactating animals. Sub-clinical mastitis was detected in 1133 lactating cows of 

various breeds by using California Mastitis Test. The results indicated the prevalence of mastitis 

was 18.7% and pathogens recovered were Staphylococcus, Streptococcus, Micrococcus, 

Coliforms, Corynebacterium and Bacillus species. Arshad et al. (2006) isolated different types of 

bacteria from 50 milk samples taken from cows and buffaloes infected with mastitis. Results of 

the study indicated that 90% of milk samples were found positive for different isolated bacterial 

agents. The results showed that 33% of the isolates were Staphylococci and 57% were other 

bacterial species. Staphylococcus aureus and Staphylococcus epidermidis were 23% and 10% 

respectively out of the 33% of total Staphylococcal pathogens.  

In a study by Kivaria et al. (2007) udder infection due to Staphylococcus aureus was 

investigated in lactating animals having low milk yield. Positive milk samples on the basis of 

CMT results were subjected for isolation of Staphylococcus aureus as a predominant infectious 

agent. The results of the study indicated 78.6% pravelence of Staphylococcus aureus in a total of 

940 quarter milk samples.  Morover, it was reported that on the basis of these investigation and 
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practical uses it was determined that CMT score of two corresponding to _800,000 milk 

leukocytes count is good to recognize S. aureus infection low milk producing cows. 

Santos et al. (2009) conducted a study to check the mammary gland infections due to 

Staphylococci species which are the most important pathogens in different regions all over the 

world in causing mastitis. These bacterial pathogens cause huge economic losses in dairy sector. 

They reported that in udder infections milk somatic cell count is increased due to Staphylococcus 

chromogenes and Staphylococcus epidermidis infections and results into low milk production 

with inferior milk quality. Pyorala and Taponen (2009) reported that Staphylococcus 

chromogenes and Staphylococcus simulans were coagulase-negative Staphylococci causing 

mastitis in dairy animals.  Prevalence of coagulase-negative Staphylococci was higher than 

primiparous lactating animals. They also described that these Staphylococci cause persistent 

types of disease of mammary parenchyma and results in high milk somatic cell counts and 

damaged mammary gland tissue.  

Unnerstad et al. (2009) examined the 987 milk samples for various pathogens, collected 

from udder quarters of lactating dairy animals. Staphylococcus aureus, Escherichia coli, 

coagulase-negative staphylococci, Streptococcus uberis, Streptococcus dysgalactiae, 

Arcanobacterium pyogenes, and Klebsiella species were major pathogen isolated through 

microbiological examinations. The results of the study revealed that Staphylococcus aureus was 

most isolated pathogen from milk samples of stall fed lactating animals as compared to the 

animals kept in open housing dairy systems. Waller et al. (2009) carried out a study to check the 

distribution of the various bacterial pathogens in treated clinical cases of mastitis and found the 

similar distribution of mastitic pathogens in young and older animals. The results of the study 

showed that Staphylococcus aureus and Streptococcus dysgalactiae were commonly isolated 
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pathogens from mastitic udders. In this study changes in milk somatic cell count with mastitis in 

lactating dairy animals were examined. Milk samples were processed through bacterial culture 

and results revealed Coryneforms, Staphylococci and Streptococci species were the main isolates 

recovered from mastitic milk samples (Pantoja et al. 2009). 

Ali et al. (2011) examined 600 buffaloes in different stages of lactation in four districts of 

the Punjab including Lahore, Narowal, Sialkot and Okara. These were diagnosed for sub-clinical 

mastitis (SCM) through White Side Test and bacterial isolation. Prevalence of SCM was 44%. At 

individual holdings at courtyards, small holdings in the periurban area and at organized farms 

were 58%, 42% and 32% respectively. Through bacterial culture, 234 isolates of nine genera 

including Staphylococci, Streptococci, Escherichia, Enterococci, Salmonellae, Pseudomonas, 

Bacillus, Corynebacterium and Klebsiella were identified. Results revealed the highest 

prevalence of Staphylococci among the different isolates. In a Holeta study, 546 lactating cows 

were screened for subclinical mastitis through California mastitis test. Positive milk samples 

were subjected for microbiological examinations to identify the pathogens involved in mastitis. 

They reported overall prevalence of SCM was 41.02% on the basis of California Mastitis Test 

and found 81.7% of the total milk samples detected positive through CMT showed growth of 

different bacteria with higher involvement of Staphylococcus aureus among the isolated 

pathogens (Ayano et al. 2013). Saidi et al. (2013) investigated the reliability of different tests 

used for early detection of mastitis. California mastitis test, udder inspection and bacteriological 

examination were carried out. After performing California Mastitis Test (CMT) at farms, milk 

samples were obtained from 108 lactating cows. Fifty positive milk samples through CMT were 

subjected for bacterial examination. Quarter based and animal based prevalence of sub-clinical 

mastitis based on CMT results was 29.20% and 29.62% respectively. Sensitivity of the CMT to 
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bacterial infections was 96%. Results also indicated the highest prevalence of Staphylococcus 

aureus. 

Changes in milk somatic cell score and biochemical parameters 

Milk somatic cells are primarily comprised of epithelial cells (25%) which secret the 

milk. Their shedding occurs from the lining of the mammary gland into milk secretions and 

different types of leukocytes (75%) i.e. neutrophils, monocytes, lymphocytes and macrophages, 

gain entry in the mammary parenchyma in response to any type of udder injury or infection 

(Sordillo et al. 1997; Paape et al. 2007; Sharma et al. 2011). Somatic cells are always found in 

the lacteal secretions of udder but their percentages in milk secretions depend upon the 

mammary gland infection and host immune status. Highest percentage of macrophages along 

with small numbers of polymorph nuclear cells existence has been reported in milk secretions of 

normal lactating animals without udder infections (Harmon, 1994). Mammary gland infections 

caused bacteria, the polymorph nuclear cells infilterate the mammary parenchyma and play a key 

role in reduction of the microorganisms by secterting numerous cell products. On the other hand 

100% of milk somatic cells were neutrophils in severe type of mastitis have been recorded. The 

inflammatory reaction of the mammary gland is directly linked with the arrival of neutrophils. In 

mammary parenchyma toxic chemicals are produced by the neutrophils and released into milk 

secretions that result into low milk production by the lactating animals (Kehrli and Shuster 1994; 

Piepers et al. 2009). About 90% of total milk somatic cells were comprised of neutrophils which 

infiltrated from blood into the milk secretions during mastitis (Miller et al. 1993). Leukocytes 

play an important role in the immune system of the host and invading pathogens are first 

encountered by these cells in mammary parenchyma. As a result these cells are leaked into udder 

secretions and termed as milk somatic cells. Milk somatic cells are mainly comprised of 
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neutrophils, eosinophils, lymphocytes, monocytes, macrophages and a few epithelial cells 

(Riollet et al. 2000c; Pillai et al. 2001). The increased number of somatic cells in milk reveals the 

inflammatory reaction of the udder in mastitic animals. Somatic cell count technique is a quick 

and gold standard tool to detect the inflammatory reaction by the cytological examination and 

directly associated with immune system of the mammary gland tissue triggered by various 

pathogens (Leitner et al. 2000a; Riollet et al. 2000c). 

Wilson et al. (1995) examined the collected milk samples of commercialized goat farms 

through bacteriological culturing for identification of different mastitis related pathogens in 

lactating animals. They reported that somatic cell count in milk was increased in udder infections 

and with advancement in stage of lactation. In this study milk samples of lactating ewes were 

investigated to determine the association between milk yield and milk somatic cells count. Mean 

somatic cells count was found significantly higher in infected udder milk samples than normal 

animals. Results indicated that the occurrence of high somatic cells count in collected milk 

samples showed the presence of sub-clinical mastitis (Mavrogenis et al. 1995). Morgante et al. 

(1996) carried out a study in lactating ewes to measure the different milk somatic cell count with 

respect to different lactation stages, pathogens and milk composition. Total and differential 

somatic cell count i.e. neutrophils, macrophages, lymphocytes, eosinophils and epithelial cells 

was carried out of all collected milk samples from different lactation stages. Results of the study 

showed that udder infection and different lactation stages affected the total and different somatic 

cell count in processed milk samples. The milk samples found positive through bacterial culture 

showed higher number of polymorphonuclear leukocytes and macrophages, lymphocytes, 

epithelial cells.  
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In a study by Murray et al. (1998) milk samples were collected from 32 cows kept at 

Livestock Improvement Corporation Ltd, Hamilton, New Zealand of four herds, and a subset of 

cows having composite somatic cell counts of 300000 cells per ml were identified. At the time of 

sample collection, none of these quarters exhibited any clinical signs of infection. Electrical 

conductivity and somatic cell counts were measured in milk samples of lactating cows found 

infected with different bacteria i.e. Staphylococcus aureus, Streptococcus uberis and coagulase 

negative Staphylococci. Significant increases were recorded in electrical conductivity in positive 

milk samples with Staphylococcus aureus. Results also indicated that milk electrical conductivity 

was increased in milk samples having high milk somatic cell count. Rupp et al. (2000) 

determined the relationship between clinical and subclinical mastitis in French Holstein cattle 

during the early stage of lactation with low milk somatic cell count as compared to 0.4 million 

cells per ml. Results of this study revealed that chances of clinical udder infections was higher 

during second parity of lactation in higher producing dairy cows in summer. Pillai et al. (2001) 

collected milk samples from several lactating dairy cows to investigate the differential and total 

leukocytes count including, mononuclear and polymorphonuclear leukocyte (PMNL) count at 3 

weeks interval. Milk somatic cell count was positively associated with the total leukocyte count, 

mononuclear and polymorph nuclear leukocyte count. Quarter’s detected positive through SCC 

showed high numbers of PMNL than negative or normal udder quarters.  

In the current study effects of the different components of the milk on electrical 

conductivity of milk through spectroscopy technique were checked and determined the 

conductance of milk was primarily as a result of its salt fraction. Results revealed that the lactose 

had minimal effects on the conductivity, but it decreased significantly with higher fat contents 

and the sodium caseinate had low conductance (Mabrook and Petty 2003). Green et al. (2004) 
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determined the relationship between somatic cell counts in milk samples of several udder 

quarters of lactating animals and clinically mastitic animals by two different analytical 

approaches i.e. Gibbs sampling technique and generalized mixed linear model hierarchical 

Bayesian technique.  Firstly the milk samples from clinically infected lactating animals were 

obtained and compared with non-infected lactating animals through conventional method. 

Secondly all lactating animals were sampled and generalized mixed linear model hierarchical 

Bayesian technique was performed to estimate the parameters. Results of the both modeling 

system showed that udder quarters with milk somatic cells higher than 200,000 cells in each ml 

of milk sample were at risk of getting clinical mastitis. In this study relationship in milk yield, its 

quality and somatic cell count peak patterns in 4006 dairy animals representing 1962752 

lactations was determined. In the early stage of lactation the relationship between the milk yields 

before peaks in somatic cell score and also in conjunction with the peak patterns of milk somatic 

cell was determined. In high milk producing animals, greater somatic cell count pattern was 

examined and also along with low milk production for a short time which did not touch at the 

peak levels after elevation in somatic cell score (Windig et al. 2005).  

De Vliegher et al. (2005b) examined effects of somatic cell counts in early stages in 

heifers through test day milk production in first lactation. They evaluated the lactation records of 

14,243 animals by 4 weekly test day records and found an escalation of one unit of natural log 

altered somatic cells count was related in low milk yield of 0.13 kg per day late stage of 

lactation. Results revealed that adverse effects of increased somatic cell counts in milk were 

related with rise in test day milk somatic cells in later stage of lactation. Lindmark-Mansson et 

al. (2006) recognized the single cell population mainly including lymphocytes, macrophages, 

neutrophils and total milk somatic cells count in lactating cows. Somatic cell count was 
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measured in different udder quarter’s milk of cows through Fossomatic instrument and by two 

staining procedures; MacNeal’s and Giemsa stain procedure for identification of milk 

leukocytes. The milk somatic cells ranged 40000 to 1815000 cells / ml in milk samples collected 

from individual udder quarters. Results revealed that lactating animals with very high milk 

leukocytes did not show signs of mastitis. High variability of milk leukocytes count among all 

udder quarters was measured. The predominant cells population in the collected milk samples 

with milk leukocytes count of 1815,000 cells / ml of milk was macrophages then followed by 

lymphocytes and other polymorphonuclear cells.  

Gomes et al. (2006) estimated the effect of stage of lactation in mastitic free goats on 

milk somatic cell count. For that purpose 40 non-mastitic goats maintained under similar 

management structure and fed with same feed were included. Milk samples from goats were 

collected during 8 months to estimate milk somatic cells count and for isolation of different 

pathogens. Results showed that increase in number of somatic cells positively associated with an 

increase in advancement in lactation stage. Dhakal (2006) carried out a study to examine the sub-

clinical mastitis by somatic cells count in collected milk samples of buffaloes. A total of 60 non 

mastitic buffaloes kept at five farms of Chitwan Nepal and Buffalo Research Center, Hissar, 

India were included in the study. The somatic cells in milk samples were counted by the 

Newman Lampert stain. The results indicated that the average of milk somatic cells count both in 

the right front and rear quarters were found higher than the left front and rear quarters of the 

buffalo’s udders. The results also showed that 200, 000 milk leukocytes / ml of 94% udder 

quarters milk were found negative through  California Mastitis Test (CMT) and in positive udder 

quarters somatic cell counts were significantly higher. Lastly it was stated that during subclinical 

mastitis in buffaloes, elevated level of neutrophils can be examined on basis of the CMT results. 
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In another study the association between milk leukocyte count and malondialdehyde 

(MDA) concentration in milk samples of lactating cows was used to measure the inflammatory 

reaction of mammary gland. For that purpose, 161 samples of milk from each lactating cow were 

collected from different dairy herds.  Results revealed that milk somatic cells count and the total 

lactation time were significantly linked to MDA concentration and it was also found that with 

increase in milk somatic cells count was positively associated with increase in MDA 

concentration and their levels was lower in early and mid stage than late stage of lactation 

(Suriyasathaporn et al. 2006). Kivaria et al. (2007) carried out a study to detect the subclinical 

mastitis by using California Mastitis Test (CMT) caused by Staphylococcus aureus in cows with 

low milk yield. For that purpose, 1151 milk samples were collected from different udder quarters 

of lactating cows in lactation period of 14-305 days and were examined through CMT. Positive 

milk samples detected through CMT were processed for isolation of the Staphylococcus aureus. 

The results showed that on the basis of CMT score of 1 and 2, Staphylococcus aureus was 

isolated 78.6% and 51.6% respectively from 940 processed milk samples. The results also 

recommended that CMT score of 2 corresponding to the 800,000 somatic cell count was good to 

diagnose udder infection as a result of Staphylococcus aureus in low milk yielding cows. Gray 

and Schalm (1960) compared the interpretation of California Mastitis Test (CMT) based on the 

milk samples collected directly from udder quarters and from bucket. They reported that CMT 

scores of 1+,2+,and 3+ for bucket milk were suggestive to subclinical mastitis and were also 

related with high somatic cell counts in milk from one or more infected udder quarters. 

Paape et al. (2007) determined the impact of area, breed, lactation stage and parity on 

somatic cells count in various milk samples of cows, sheeps and goats. Somatic cell counts for 

cows were lower than counts for goats. By the fifth parity, counts for goats increased to 
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1,150,000 per ml, exceeding the 1,000,000 per ml legal limit for the goat milk in the US, 

whereas maximum counts for cows averaged only 300,000 per ml less than the 750,000 per ml 

legal limit in the US and 400,000 in the European Union (EU). In sheep average somatic cells 

were found higher in first calving sheep than in later parities. Similar cells count pattern in sheep 

as in cows was recorded. The results revealed that study area and breed had greater impact on 

somatic cells count for lactating cows and goats.  

Durr et al. (2008) evaluated the low milk yield as a result of mammary gland infection 

in lactating dairy animals by measuring the variation in milk somatic cells count.  They reported 

that the milk yield was significantly decreased with increased somatic cells population in 

lactating animals. Pantoja et al. (2009) investigated the relationship between the somatic cells 

count and udder infections during dry period and risk of hidden infections in lactating dairy 

herds. Udder infections were diagnosed by somatic cells count on the basis of udder quarter 

involved in animals. A total of 218 cows were selected from a single dairy farm for collection of 

milk samples at time of calving and throughout the dry period. New mammary gland infections 

identified after calving were due to coagulase negative Staphylococci, Streptococci, and gram 

negative bacterial species. During dry period the sub-clinical mastitis was detected by the 

presence of somatic cells upto 200,000 / ml. Udder quarters with milk somatic cells, 200,000 per 

ml during dry period and in post calving period had chances of 20.4 times of sub-clinical mastitis 

with the major mastitic pathogens and 5.6 times because of minor pathogens. Roy et al. (2009) 

assessed the different tools to diagnose mastitis status by using California Mastitis Test and 

electrical conductivity meter. Bacteriological examinations were also performed on lacteal 

secretions. Both of the tools showed virtuous results for the detection of mammary gland 

infections as a result of bacterial species. The current study reported that milk comprised of large 
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numbers of different types of enzymes which accomplish different functions. Milk enzymes play 

vital role in the processing of milk and have high significant importance for the consumer 

welfare by containing the antimicrobial activity. Some of these milk enzymes including alkaline 

phosphatase and lactoperoxidase have greater interest for beneficial usage in the milk processing 

(Kelly and Fox 2006).  

Babaei et al. (2007) investigated the levels of aspartate aminotransferase (AST), 

alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) in milk samples of the mastitic 

animals. Several milk samples with different lactation periods were collected from mastitic cows. 

Fat from milk samples was removed by centrifugation at 10000g for estimation of different 

enzymes levels of mastitic and non mastitic cows. The average concentrations of the ALP and 

LDH in milk samples were significantly increased in mastitic animals over non mastitic animals. 

Where as non-significant changes in levels of AST were calculated in the infected and normal 

milk samples. In the current study milk samples of lactating cows detected positive for 

subclinical mastitis through California Mastitis Test and somatic cells count in milk. The results 

of the study revealed significant increase in physical and biochemical parameters such as 

chlorine, sodium, milk pH, lactate dehydrogenase, milk albumin and immunoglobulin in milk 

samples of subclincally mastitic than non mastitic udder quarters. However, there was decrease 

in levels of calcium, phosphorus and beta-lactoglobulin in mastitic than non mastitic animals 

Batavani et al. (2007). Kumar et al. (2007) examined 424 samples of milk collected from udder 

quarters of buffaloes for detection of sub-clinical mastitis by using bacterial culture and milk 

somatic cells count. Malondialdehyde (MDA) concentration in milk and blood was also 

measured. Prevalence of the sub-clinical mastitis was 9.90%. MDA concentration was 
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significantly elevated both in milk and blood samples of infected with clinical and sub-clinical 

mastitis of lactating animals. 

Matei et al. (2010) identified the biochemical changes in serum alkaline phosphatase and 

aspartate aminotransferase in cows with and without subclinical mastitis as diagnosed by somatic 

cells count in milk. The somatic cells count in mastitic cows was 0.5-1.5 million cells/ml and in 

normal cows was less than 270,000 cells/ml. The results of the study indicated that level of 

aspartate aminotransferase significantly decreased (107.50±5.50 to 87.20±30.16) and alkaline 

phosphatase increased (48.50±3.50 to 71.80±50.70) in non mastitic cows as compared to mastitic 

cows. Zaki et al. (2010) determined the effect of S. aureus sub-clinical mastitis (SCM) on blood 

biochemical parameters in Friesian cows. Milk samples from 400 udder quarters of 100 

apparently normal cows for mastitis were taken to diagnose SCM through California Mastitis 

Test (CMT) and then subjected to microbiological examinations. The levels of asparate 

aminotransferase, inorganic phosphorous and calcium were measured in collected blood samples. 

Lactate Dehydrogenase (LDH) was also detected in milk. The results of the study revealed the 

significant increase in aspartate aminotransferase (94±0.40 to 158±l3) and LDH levels in milk 

(50±0.27 to 134±16) while remarkable decrease in serum calcium (8.73±0.51 to 7.10±0.14) and 

phosphorous (7.5±0.68 to 6.8±0.88) was recorded in non mastitic cows as compared to mastitic 

cows.  

Mohammadian, (2011) conducted a study to assess the change in levels of lactate 

dehydrogenase (LDH) during sub-clinical mastitis (SCM) in milk and blood serum samples of 

lactating dairy animals. Milk samples were collected from udder quarters of 25 cows with 

subclincal mastitis (SCM) as well as from 35 healthy controls. Blood specimens were also 

collected from jugular vein from mastitic and non mastitic cows. There were higher mean values 
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of LDH in milk of mastitic (1524.04±111.74) than non mastitic (485.94±13.66) udders. But no 

significant differences were found in blood serum of both non mastitic (867.16±31.31) and 

mastitic (809.32±21.67) cows. This parameter can be used for early diagnosis of SCM. Yang et 

al. (2011) evaluated changes induced owing to subclinical mastitis (SCM) in levels of 

malondialdehyde (MDA) concentration, aspartate aminotransferase (AST), alkaline phosphatase 

(ALP) and lactate dehydrogenase (LDH) in milk samples of lactating cows. California Mastitis 

Test was performed for detection of SCM in 124 cows in different stages of lactation. Milk 

samples were then subjected for bacteriological culture to isolate different bacteria involved in 

mastitis. The results showed that prevalence of SCM was 26.6% and Staphylococcus aureus 

(47%) was found as a major pathogen recovered from mastitic milk samples of cows. The results 

also indicated higher mean levels of LDH, MDA and ALP in mastitic milk samples than normal 

ones. However, no significant difference was recorded in the values of AST in milk samples of 

normal and mastitic cows. 

Kasikci et al. (2012) carried out a study to determine the effectiveness of electrical 

conductivity (EC) measurement method to diagnose the sub-clinical mastitis (SCM) in lactating 

animals to compare with somatic cells count (SCC) and California Mastitis Test (CMT). Three 

hundred and eighty eight milk samples from 188 cows of 10 different dairy farms were tested for 

SCM through California Mastitis Test. Of the tested samples, 43 (11.13%) showed three positive 

responses, 85 (22.02%) were two positive responses and 258 (66.85%) were one positive 

response for CMT. The average SCC and the electrical conductivity values of milk samples were 

2108139, 1167058, 249453 per ml and 29.63, 28.02 and 25.71 mS respectively, based on CMT 

results. Electrical conductivity results indicated similarity with CMT and SCC results in the 

detection of subclinical mastitis. In this study effect of sub-clinical mastitis on milk biochemical 
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changes were evaluated in farm animals. For that purpose 40 milk samples from lactating cows 

were processed. The results of the study indicated higher values of pH and solid not fat 

percentage with decreased levels of protein percentage in milk of mastitic cows (Hassan, 2013). 

Haron et al. (2014) evaluated sodium and potassium concentrations in milk of 37 mastitic 

and non mastitic lactating dairy animals. Subclinical mastitis was diagnosed by using California 

Mastitis Test. And somatic cells were counted by direct microscopy by using Wright’s stain. 

Concentrations of sodium and potassium were measured through atomic absorption 

spectrophotometer. The results of the study indicated the significant increase in somatic cells 

count (SCC) and sodium with significant decrease in potassium of mastitic to normal cows. The 

results also revealed that potassium levels had strong negative correlation with sodium 

concentrations but weak positive correlations with SCC. Calderon-Rangel et al. (2014) evaluated 

physical and biochemical changes induced in milk components because of subclinical mastitis 

(SCM). California Mastitis Test (CMT) was performed to diagnose SCM for selected quarters. 

They analyzed physicochemical changes in milk by using an ultrasonic milk analyzer Biolac 60 

(Boeco, Germany). They measured casein and somatic cell count (SCC) by spectrophotometer 

and optical portable cell counter respectively. The results of the study revealed that with high 

milk SCC, milk protein and fat percentages were decreased significantly compared with low 

SCC.  

Yarabbi et al. (2014) investigated the effects of increased somatic cells on composition 

and chemical - microbial features of raw milk in different seasons of a year. In this study 240 

samples of milk were selected randomly from 10 milk collection units and other industrial farms 

in Khorasan Razavi Province (Iran) and examined. Reulsts showed significant difference 

between number of somatic cells in summer and other seasons of the year and was the highest 
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number of somatic cell was month of August. The results also showed that lactose, fat, somatic 

cells count was decreased with increased acidity. They also reported the positive significant 

relationship between the number of somatic cell with PH, electrical conductivity and microbial 

load. 

Molecular typing of the Staphylococcus aureus 

Staphylococcus aureus is one of the major pathogens causing udder infections in dairy 

animals throughout world. Regardless of inclusive control strategies in eradication of this 

microbial agent, it remains a challenge to eliminate the mammary gland infections caused by 

Staphylococcus aureus which have such great impacts on the economy of the livestock industry 

(Guler et al. 2005). Previously various molecular based techniques have been described for the 

characterization of recovered Staphylococcus aureus from different animals species and  human 

beings mainly including ribotyping, phage typing, pulse field gel, plasmid analysis and multi-

locus enzyme electrophoresis (Kapur et al. 1995: Myllys et al. 1997; Lange et al. 1999; Vintov et 

al. 2003; Sabour et al. 2004), PCR based finger printing (Fitzgerald et al. 1997), amplification of 

the specific gene regions Lange et al. 1999) and binary typing (Zadoks et al. 2002). 

Staphylococcus aureus is coagulase positive bacteria, and the protien coagulase plays a major 

role in its virulence (Goh et al. 1992). In Pakistan, mastitis causing pathogens in buffaloes and 

cows have been described as different species of Staphylococci species. Goh et al. (1992) 

described that the coagulase gene of Staphylococci is the foremost genotypic and phenotypic 

determining factor with numerous allelic forms on account of presence of the gene variant within 

3' end coding region comprising cycle of the repeating 81 bp DNA sequences. Ten diverse 

patterns of RFLP were studied along with outstanding relationship of the RFLP patterns with the 

multi locus enzymes electrophoresis typing by the 20 loci of chromosomes in these pathogens.  



Review of Literature  

30 

Raimundo et al. (1999) conducted a study for the confirmation of coagulase gene present 

in Staphylococcus aureus recovered from milk samples of mastitic animals kept at different dairy 

farms by using polymerase chain reaction (PCR). DNA was extracted from Staphylococcus 

aureus isolates recovered from mastitic milk samples of lactating animals. PCR was carried out 

by using primers of coaG2 and coaG3 and these genes were amplified and produced PCR 

product size of 180 to 1100 bp. Hookey et al. 1998 carried out a study to identify S. aureus based 

on molecular typing method for the coagulase gene through improved PCR and the restriction 

fragment length polymorphism (RFLP). Staphylococcus aureus which were found positive for 

coagulase gene produced the different PCR product sizes during amplification process including 

547,603, 660 and 875 base pairs. Methicillin resistant strains of Staphylococcus aureus showed 

amplification of 547 base pairs. Ten different RFLP arrangements were also recorded in the 

methicillin resistant Staphylococcus aureus. Gilbert et al. (2006) described 96 isolates of 

Staphylococcus aureus that were recovered from several samples of mastitic milk of dairy 

animals and were processed to the multiple loci variable numbers tandem repeat by using PCR 

technique. Combinations of clfA, fnb, clfB and SAV1078 genes tandem repeats were found in the 

61 types and coa, spa, sspA, sdrC and sdrD genes tandem repeats were also found useful devices 

for the epidemiological studies of the Staphylococcus aureus isolated from bovine mastitis. 

Shopsin et al. (2000) carried out a study to check the relationship among the geographically 

variable Staphylococcus aureus isolates by short repeating regions sequencing method for 

coagulase (coa) gene identification. Results revealed that the coa polymorphism had variation 

and is very valuable to the spa typing for identification of Staphylococcus aureus mainly 

including methicillin resistant Staphylococci.  
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Cremonesi et al. (2006) described that the Staphylococcus aureus involved in causing 

mastitis in bovine and caprines. Different enterotoxins are released by different strains of the 

Staphylococcus aureus that result into food poisoning by consumption of contaminated several 

dairy products. Various Staphylococcal enterotoxins were identified by the use of Multiplex PCR 

form isolated Staphylococcus aureus strains from milk samples of mastitis positive animals. 

Eleven genes of Staphylococcus aureus were amplified through PCR technique. Karahan and 

Cetinkaya (2007) determined the genotyping relationship among the coagulase (coa) positive 

Staphylococcus aureus recovered from lactating dairy cows found positive for sub-clinical 

mastitis by the polymerase chain reaction (PCR) based RFLP evaluation. Out of the 700 positive 

milk samples for subclinical mastitis, PCR confirmed 28.6% bacteria as Staphylococcus aureus. 

Through PCR, 161 were diagnosed positive for 30 end of coa gene. Mostly single band for 

coagulase was studied by using PCR having molecular sizes of 500 bp to 1400 bp in isolated 

pathogens.  

Moon et al. (2007) described that the Staphylococcus aureus causes contagious mastitis 

as a major pathogen and coagulase negative Staphylococci act as opportunistic bacterial 

pathogens in bovine mastitis. Coagulase gene typing was performed through polymerase chain 

reaction and the restriction fragment length polymorphism (RFLP) to differentiate the different 

Staphylococcus aureus species.  Results showed that from 153 different dairy herds, isolated 

pathogens through molecular detection were Staphylococcus aureus (835) and coagulase 

negative Staphylococci species (763). Results also indicated that mecA gene was present in both 

coagulase positive and coagulase negative methicillin resistant Staphylococci. Among the 10 

different coagulase polymerase chain reactions and the restriction fragment length polymorphism 

from A to J in the 706 Staphylococcus aureus bacterial isolates maximum types were A, B, G, 
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and H with repeated occurrence of the A and H types in the methicillin resistant Staphylococcus 

aureus.  

Reinoso et al. (2008) studied genotypic variation amongst the different strains of the 

Staphylococcus aureus recovered from several animals by using PCR molecular technique. 

Amplification of DNA was done by the use of oligonucleotide primers to confirm the genetic 

determinants for the virulence and other traits of pathogens. For that reason several regions of the 

Staphylococcal proteins, mainly including coa, spa, clfA, cnaA, and cnaB, were amplified. Wang 

et al. (2009) studied allocation of the most commonly found genes (SAg) in the Staphylococcus 

aureus gram positive bacteria recovered from bovine mastitis. Genetic study of the 15 SAg genes 

were carried out in collected milk samples of lactating animals found positive for subclinical 

mastitis. Results showed that there was 1 toxin gene was found in 65% of recovered bacteria but 

the sea gene was followed by the sei, selm and seg genes. Results also revealed that many 

variants were present in distribution of the SAg genes both genotypically and geographically 

among the various isolates of Staphylococcus aureus from 2 different regions. 

Saei et al. (2009) investigated the genotypic features and prevalence of the 

Staphylococcus aureus in lactating dairy animals. Milk samples were collected from 370 

lactating cows which were found positive for subclinical mastitis, and Staphylococcus aureus 

was isolated from 58 milk samples. The recovered pathogen was then confirmed through various 

biochemical tests, amplification of aroA and coagulase (coa) gene by using PCR and coa gene 

also by using RFLP technique. Results of PCR amplification of PCR products for coa gene 

showed 5 different PCR products size of 490 to 850 bp. Several RFLP coagulase gene patterns 

were also found. Results revealed that the genetic variations were evident in various recovered 

Staphylococcus aureus isolates from several mastitis positive lactating dairy herds. Himabindu et 
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al. (2009) examined the coagulase gene by using RFLP method present in positive isolates of the 

methicillin resistant bacteria i.e. Staphylococcus aureus. DNA amplification was done by using 

the specific primers for coagulase gene. Amplification of coagulase gene of Staphylococcus 

aureus was carried out by PCR then followed by the Hae III and the Alu I restriction enzymes 

digestion of the PCR product. In another study, the diversity of Staphylococcus aureus isolates 

was investigated by PCR technology and conventional methods. For PCR specific primers were 

used to target the specific parts of genes encoding spa gene and coagulase (coa) gene. The results 

showed the polymorphisms of spa and coa genes for S. aureus isolates. They recorded the 

isolates showed amplified spa gene product ranging from 396-464 bp while for coa gene from 

423-658bp (El-Jakee et al. 2010). Spa gene and clumping factor A (clfA) genes of 

Staphylococcus aureus (n=92) recovered from subclinical mastitis were amplified by polymerase 

chain reaction. In a study Karahan et al. (2011) coagulase (coa) positive S. aureus isolates were 

also found positive for spa gene. The results of the study showed 84 (91.3%) of recovered 

isolates were positive for clfA gene. The results also confirmed that typing of S. aureus isolates 

for spa and coa genes of bovine subclinical mastitis could be performed (Karahan et al. 2011). 

Mastitis and associated risk factors 

Several risk factors of mastitis linked to the microflora, environment and host have 

been studied despite the comprehensive control measures that have been developed however the 

bovine udder infection remains a frequently occurring and important problem in the lactating 

dairy herds in most of the countries. The incidence of mastitis is directly influenced by the 

management and various environmental factors mainly including housing, milking techniques, 

milking utensils, feeding methods, sanitary and hygienic conditions of drinking water, health 

score of lactating animals and the implementation of various preventive procedures. Occurrence 
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of the mastitis is influenced by affected with season and its rate of incidence has been reported 

highest during winter in many countries (Nyman et al. 2007; Olde Riekerink et al. 2007; 

Steeneveld et al. 2008.). Previously published research has revealed the significant higher 

association between mastitis and its various animal level risk factors mainly teat length, udder 

depth, and udder balance in different dairy animals (Lund et al. 1994; Rupp and Boichard 1999; 

Sorensen et al. 2000; Hussain et al.2013). Mastitis illness records and morphological 

investigations of the udder are fundamental and effectual procedure to decrease the disease 

occurence in animal population. Various physical parameters related to the teats and udder play 

key role and affect the susceptibility of cows to mastitis. Numerous risk factors mainly including 

shape of the teats, shape of udder, milk leakage from the teat, asymmetry of the udder with larger 

hind quarters than the front, wide and flat teat shapes, injuries of the udder, udder oedema, 

pointed shape teats, lower teat end to the floor distance, higher teat canal diameters, feeding, 

housing, somatic cells count, type of breed and management practices have been identified as 

risk factors for mastitis in dairy animals (Schukken et al. 1994; Slettbakk et al. 1995; Waage et 

al. 2001; Svensson et al. 2006; Compton et al. 2007; Hussain et al. 2013). There are various 

complications which come across in the management of udder infections effectively under field 

situations. Hence, control measures regarding mastitis causing bacteria along with the disease 

recording systems may be effective in reduction of mastitis cases in dairy animals throughout the 

world. Barkema et al. (1999) investigated the risk factors to determine the incidence rate of intra-

mammary infections including type of feed, type of housing and milking methods. The factors 

found linked with occurrence of mastitis were grazing, keeping heifers, dry cows and lactating 

dairy cows at same place and unhygienic conditions of calving areas. Disinfection of teats after 

each milking was positively linked with low somatic cells score. Incidence rate of mastitis due to 
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Escherichia coli was associated with unhygiene, housing conditions and use of machine milking. 

Udder infections caused by Staphylococcus aureus were significantly associated to high somatic 

cells count in milk and the mastitis incidence because of Streptococcus uberis and Streptococcus 

dysgalactiae was related to housing circumstances, feed types and use of machine milking.  

Chrystal et al. (1999) reported the differences in teat end shapes, teat diameters and teat 

injuries to note the incidence of intra- mammary infections in dairy cows of different lactations. 

Various teat shapes were also recorded comprising of round, round flat, round ring, round disk, 

pointed, pointed disk, flat disk and inverted beside  in addition to very rough, rough ring and 

ulcerated injuries. The study showed that different teat shapes and teat end lesions had less 

influence on the milk somatic cells score, on the contrary higher teat diameters were associated 

with the increase somatic cell score of milk. Chrystal et al. (2001) described that different shapes 

of teat end comprising round, flat, prolapsed, funnel, plate and mixed types were recorded in 

dairy cows with different age, stage of lactation, lactation length and month of the calving. 

Results indicated that shape of the teat end had lower involvement on milk somatic cells score 

than time of calving and number of parity of dairy animals. Klaas et al. (2004) carried out a study 

to examine benefits of the systematic examination of udder quarters in controlling mastitis in 

dairy animals. For that purpose a total of 707 cows from 16 dairy farms were selected after 

clinical examination immediately after milking. Different parameters including stage of lactation, 

milk yield, parity, and milk somatic cells count were documented to check the health status of 

mammary gland. Results revealed that shape of udder, milk production and milk somatic cells 

score, short teat lengths and first parity had very strong relationships with short udder length 

while impaired teats with firm udder surface were also linked mastitis occurrence. Barnouin et al. 

(2005) determined the association among various dairy husbandry practices related with 
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occurrence of clinical mastitis. Clinical mastitis cases were documented during a field survey 

with mean milk yield of 7420 kg per animal per year and milk somatic cells count of 132, 

000cells per ml. The occurrence of the clinical mastitis was linked with milking of dairy animals 

in traditional dairy sheds, feeding, presence of a blind quarter and hygienic conditions of the 

milking area and washing of udder by water. Mekonnen et al. (2006) described that a study was 

carried out to evaluate the different husbandry practices and to ascertain the health problems in 

one hundred small holder dairy farms. Detail of farm visits and examination of animals were 

recorded. It was determined that 38% of total small holding dairy farms having greater than 3 

animals were owned by females rather than male owned ones. Daily milk yield, parity, age, and 

number of dairy cows were noted in 53% in stall fed lactating animals. Poor housing 

management was related to higher prevalence of the health disorders. Mastitis clinically and sub-

clinically followed by various foot and leg ailments was frequently linked in farms owned by 

males by using employed labor. In this study data was collected regarding health status of dairy 

animals, animal management and housing condition to determine the various risk factors linked 

with occurrence of veterinary treated cases of clinical mastitis. The occurring threat of veterinary 

treated cases of clinical mastitis was higher during 1st parity and also significantly linked with 

the various reproductive disorders mainly including, endometritis, retained placenta, dystocia 

and pyometra. Increased risk of somatic cells count in milk was linked with the increased udder 

injuries, animal’s confinement during and around calving, use of higher quantity of concentrates 

in feed and milking restraints (Svensson et al. 2006).  

Compton et al. (2007) conducted a study to determine the various risk factors linked 

with the clinical and sub-clinical mastitis. Information regarding live body weight and udder 

health was noted. Significant association of different risk factors for the clinical and sub-clinical 
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mammary infections was present in low floor to teat end distance and unhygienic conditions of 

the udder after calving, oedema of the udder, type of dairy breed and immune status of the dairy 

animal. Kivaria et al. (2007) conducted a field survey type study to determine the relationship of 

different risk factors with incidence of mastitis of smallholder livestock farms in different areas 

of Tanzania and through questionnaire data was collected. The significant relationship of several 

factors mainly including the lactation stage, parity number, body condition score, housing 

management and animal’s preparation for milking was documented with increased incidence of 

mastitis. Nyman et al. (2007) reported several factors linked with the occurrence of veterinary 

treated cases of clinical mastitis. Higher prevalence of veterinary treated dairy animals was 

documented with high milk yield per animal, dirty lower parts of hind limbs, 1st parity and 

various types of teat injuries. Different environmental factors, dairy breed, feeding types were 

also related with occurrence of mastitis. Nyman et al. (2009) studied the associations among the 

different parameters mainly including housing, feeding, milking at calving, health of the udder 

during 1st parity, in early lactation stage, high yield in cows, low bulk somatic cells count. They 

reported that cow side factors were significantly associated with good udder health of first-parity 

cows and very few cases of clinical mastitis with low SCC were recorded of Swedish Red breed 

cow, having a high milk yield. The lactating dairy animals which were housed in cubicles with 

mattresses as flooring material demonstrated significantly higher udder health during first parity 

than lactating animals in same lactation number in tie stall.  The aspects of disease status which 

were linked with the poor udder health during 1st lactation were use of sugar-beet pulp as animal 

feed, corn silage and giving silage from different batch to the pregnant 1st calving dairy animals 

than to the lactating dairy animals. Milking at parlor, teat wash, teat cleaning and use of 

disinfectants at milking sites in first parity were also significantly linked to udder health.  
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Lakshmi et al. (2009) examined the 1,000 udder quarters and found that 31 and 17 

udder quarters were clinically and sub-clinically infected with mastitis respectively. They 

reported positive udder quarters as 9.8% right front quarters, 14.2% left front quarters, 12.5% 

right rear quarters and 10.7% left rear quarters had clinical mastitis, while 10.1% right front 

quarters 7.03% left front quarters, 10.93% right rear quarters and 10.93% left rear quarters had 

subclinical mastitis. The occurrence of the mastitis was found statistically higher with 

advancement in parity, milking with folded thumb, wallowing in buffaloes, high milk yield and 

cemented floor type than sandy or soily floor. Results of the study showed non-significant 

association in mastitis incidence with respect to full hand milking and use of teat dips in lactating 

dairy animals. Breen et al. (2009) studied the various risk factors which were associated with the 

milk leukocytes count in the different quarters of cows. The risk factors including, 

hyperkeratosis of quarters, teat end callosity, udder and hind legs hygiene, body condition score 

and milk quality and milk yield per animals were assessed. Significant relationship with 

increased risk of somatic cells count was determined with advancement in lactation number and 

lactation stage. However, decreased risk of somatic cells count in cows with contaminated skin 

of teats and udder quarters have been recorded. Results recommended that health status, 

individual quarter of the udder and other factors at host level play significant role in determining 

the udder infections by quantifying the milk somatic cells count in the subsequent lactations. 

Bhutto et al. (2010) examined association of the pathogens of mammary gland, shape of udder 

and presence of various teat injuries. Results revealed that the teat injuries in lactating herd of 

first and second parities and shape of udder had non significant relationship with the milk 

somatic cells count nonetheless; some association was evident in the teat injures and different 

udder shapes of the mastitic animals. It was also determined dairy animals with larger rear 
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quarters had significantly fewer infections with Staphylococcus aureus, Streptococcus uberis, 

and E. coli. Streptococcus agalactiae and Streptococcus dysgalactiae infections were 

significantly higher in cows with big pendulous udder than smaller udders. A strong relationship 

was also investigated between mammary gland pathogens mainly including Staphylococcus 

aureus, Staphylococcus uberis, Streptococcus agalactiae and Escherichia coli and presence of 

the hyperkeratotic teat injuries during calving. 

Shahid et al. (2011) used surf field test, pH meter, NaOH levels and electronic detectors 

to diagnose the sub-clinical mastitis in 125 animals including 25 buffaloes, 30 crossbred cows, 

15 Sahiwal and 55 Achai breed cattle. Results indicated highest detection of subclinical mastitis 

by electronic detector (65.2%), followed by Surf field test (56.8%) and NaOH test (40.8%). 

Results also showed that prevalence was higher in the left fore quarters in Sahiwal cattle, while 

in buffaloes it was higher in rear quarters. But in crossbred cows and Achai breed an 

insignificant difference of quarter based prevalence was recorded. Hussain et al. (2012) 

examined the milk samples collected from 453 lactating cows of 21 dairy farms. Sub-clinical 

mastitis (SCM) was detected by California Mastitis Test. Data was analyzed regarding 

epidemiological parameters related to cows and husbandry. Statistical results indicated 

significant relationships among live body weight, udder depths and teat tip to floor distance with 

SCM. Based on the bivariate frequency evaluation results indicated significant relationships for 

stage of lactation, parity, shape of teat, shape of udder, use of oxytocin, teat tip to floor distance, 

body weight, milk leakage, teat and udder lesions and type of feeding, whereas analysis through 

logistic regression results showed substantial negative relationship between the teat lengths, 

frequency of the culling and the number of attendants at farm. Although positive link between 

shape of teat, quarter involved, udder shape, udder depth, pendulous udder, apex, mid and base 
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teat diameters, live body weight, teat and udder lesions, milk yield, calf suckling, leakage of milk 

from teats, type of feeding system. 

Elbably et al. (2013) determined the mastitis prevalence and related risk factors. A total 

of 233 Holstein cows kept on earthy floors at different farms in Beni-Suef region. Lactating cows 

were milked three times / day in Herringbone milk parlour. California Mastitis Test (CMT) was 

applied once/month to detect the sub-clinical mastitis. They reported 42.9% (100/233) mastitis 

prevalence at cow level and was 29.08% (272/929) prevalence at quarter level. Bacteria were 

isolated from clinically and sub-clinically positive milk samples for mastitis through 

bacteriological examinations and Staphylococci species (63%) were found highest among the all 

pathogens. The associated risk factors showed positive association in occurrence of mastitis and 

found highest prevalence in high milk producing animals with age ranging 3-5 years, at early 

lactation stage, with parity (2-4) in and farm hygiene risk. Ali et al. (2014) determined the 

relation of age of lactating animal and effective management practices on prevalence of mastitis 

in Nili Ravi buffaloes. Subclinical mastitis was detected by using California Mastitis Test from 

1560 quarters of buffaloes. They reported 41.6% overall prevalence of SCM with 9.7 % 

prevalence of blind quarters and highest prevalence in the rear quarters than other quarters. The 

results of the study showed the highest incidence was significantly related to early stage of 

lactation with high milk production and in higher age group animals. 

Bachaya et al. (2011) estimated prevalence of sub-clinical mastitis (SCM) in lactating 

crossbred cows in four tehsils of district Muzaffar Garh, Punjab. They collected 2000 milk 

samples from 500 cross bred cows. Sub-clinical mastitis was detected through Surf Mastitis Test. 

The results revealed animal and quarter based prevalence was 36% and 35.25% respectively. 

Moges et al. (2011) determined prevalence and mastitis linked risk factors in 322 lactating dairy 
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cows. CMT was used to detect subclinical mastitis and milk samples found positive were 

inoculated on different media for microbiological examinations. The results showed overall 

prevalence of SCM was 32.6%. The major bacteria recovered were S. aureus, Strept. 

dysgalactiae and Strept. agalactiae and prevalence determined based on isolates was 12.7% and 

in blind quarters prevalence was 3.02 %. The results revealed positive relationship of mastitis 

incidence to age, parity and stage of lactation. 

Antibiogram patterns in mastitis 

Antimicrobial susceptibility testing is crucial in the treatment of the subclinical 

mastitis. Through in vitro testing Staphylococcus aureus showed variation in susceptibility to the 

numerous antimicrobial agents (Barkema et al. 2006). Moreover, resistance for the 

antimicrobials by Staphylococcus aureus isolates has also been reported in various regions of the 

world (Abera et al. 2010; Shi et al. 2010). Hameed et al. (2008) isolated different types of 

microorganisms of mastitis from lactating cows and buffaloes in Burewala tehsil, of Vehari 

district and tested the effectiveness of different antimicrobial agents against those organism 

isolates. Prevalence of the Staphylococcus aureus was 50% in cows and 53.85% in buffaloes and 

lower prevalence for E. coli was detected both in cows and buffaloes as 16.67% and 15.38% 

respectively. The results showed that susceptibility of the isolates was highest to enrofloxacin 

then followed by chloramphenicol, gentamycin and oxytetracycline. The susceptibility of the 

isolates was lowest to amoxicillin in this study.  

Sumathi et al. (2008) investigated prevalence of clinical mastitis through bacteriological 

examinations of milk samples of lactating dairy cows in and around Bangalore. They identified 

75 types of isolates from 60 mastitic milk samples. They recorded 24% prevalence of mastitis 
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due to Staphylococcus aureus, 20 % because of Escherichia coli, 16% as result of S. epidermidis 

and Streptococcus species and 10% because of Klebsiella species based on the microbiological 

examinations. These isolates were tested for their in vitro susceptibility to different antibiotics 

and found the highest efficacy of isolated pathogens for gentamicin.  

Arslan et al. (2009) studied the plasmid profiles, protein patterns, and antibiogram pattern 

of Staphylococcus aureus and Staphylococcus intermedius isolates recovered mastitic milk 

samples of lactating dairy cattle. Through bacterial culture, 114 isolates were identified as 

Staphylococci. Based on the results of coagulase test 77 isolates were S. aureus and 37 were S. 

intermedius. Diversities in different Staphylococcus species were analyzed by whole cell protein 

profiles analysis using the sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE). Results of plasmid profiling indicated that S. aureus isolates were 75 and S. intermedius 

isolates were 36 which contained plasmid. The antibiotic susceptibility showed that S. aureus 

and S. intermedius isolates were resistant to penicillin 88.3% and 59.4% respectively. S. aureus 

and S. intermedius isolates were also resistant to amoxicillin+clavulanic acid by 85.7% and 

45.9% respectively. They also recorded the resistance of S. aureus isolates for danofloxacin and 

methicillin. 

Kurjogi and Kaliwal (2011) investigated the recent situation of mastitis in dairy cows in 

district Dharwad, Karnataka. They determined the prevalence of mastitis by using surf field 

mastitis test, by measuring pH and performing bacterial cultures of milk samples. One hundred 

eighty-five isolates were obtained from 120 milk samples. Staphylococcus aureus, Escherichia 

coli coagulase negative Staphylococci (CNS), Streptococcus species, Serratia marcesens and 

Bacillus subtillis were isolated. Antimicrobial sensitivity testing for the various isolates was 

conducted by using 14 antibiotics including cloxacillin, kanamycin, rifampicin, tetracycline, 
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penicillin-G, ampicillin, chloramphenicol, cephalothin, carbencillin, trimethoprim, amikacin, 

streptomycin, gentamicin and polymyxin-B. The results indicated that highest susceptibility for 

tetracycline was recorded amongst the tested organisms. 

Ali et al. (2012) examined 283 milk samples of bovines for the detection of sub-clinical 

mastitis by using 3 indirect tests and found California Mastitis Test (CMT) was the best. 

Through bacterial culture, 15.55% isolates were coagulase negative staphylococci. They studied 

the antibiotic resistance of the isolates for various antibiotics and found highest resistance of 

organisms for ampicillin, then followed by novbiocen +penicillin and oxcillin. Whereas 100% 

sensitivity of coagulase negative staphylococci was recorded for ciprofloxacin, gentamycin and 

chloramphenicol. Jurmanovic et al. (2011) reported the antibiotic susceptibility patterns of the 

Staphylococcus aureus (2719) recovered from 45,000 milk samples of mastitic cows in 5 years 

duration. Isolates were identified based on the bacterial colony characteristics, hemolysis pattern 

on 5% sheep blood agar, catalase test, coagulase test, API ID 32 Staph kit system. The highest 

susceptibility of S. aureus was observed to penicillin, oxacillin, amoxicillin in combination with 

clavulanic acid, 1st and 3rd generation cephalosporins, was found in year 2002 but decreased in 

other years of the study. The results also revealed the increased susceptibility of Staphylococcus 

aureus isolates to aminoglycosides, tetracyclines, fluroquinolone, lincosamides and sulfonamides 

in the study period.  

In this study Ikiz et al. (2013) determined the presence of Staphylococcus aureus and 

Streptococcus agalactiae in 270 bovine milk samples collected from 132 dairy cows with 

subclinical mastitis in 15 different dairy farms located in the Marmara Region of Turkey. A total 

of 256 mastitis causing bacteria were isolated, out of which 12 isolates were identified as S. 

aureus and 25 isolates were identified as Streptococcus agalactiae and antibiotic susceptibilities 
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of these isolates were checked by disk diffusion method. Results showed that S. aureus isolates 

were highly resistant to ceftiofur and Streptococcus agalactiae isolates were found highly 

resistant to streptomycin. Sensitivity to other antibiotics tested was varied. Hussain et al. (2012) 

evaluated the disease features of the mastitis as a result of Staphylococcus aureus in buffaloes 

and antimicrobial susceptibility of the recovered isolates. They collected 100 milk samples and 

positive samples through bacterial culture were subjected to antimicrobial susceptibility testing. 

The results showed that 60 samples were positive for different species of Staphylococci on 5 % 

sheep blood agar and on Staph -110 media plates. All these isolates were found positive to 

catalase test but only 23 were positive to coagulase test while 37 were negative coagulase test. 

Coagulase positive isolates were tested for antimicrobial sensitivity test to different antibiotics 

including ciprofloxacin, enroflaxacin, chloramphenicol, ampicillin, amoxicillin, cotrimaxazole, 

gentamycin, oxytetracycline and novobiocin. The results revealed sensitivity of S. aureus isolates 

in descending order of their effectiveness to the various tested antibiotics co–trimoxazole then 

followed by oxytetracycline, amoxicillin, gentamicin, ampicillin, ciprofloxacin, 

chloramphenicol, enrofloxacin and novobiocin. 

Akram et al. (2013) identified the various bacteria involved in mastitis from 51 mastitic 

milk samples of buffalos and cow’s milk samples through bacterial culture in and around district 

Lahore in year 2010-11. Milk samples were inoculated on nutrient agar, MacConkey agar and 

blood agar plates. Results indicated different bacteria detected various including Staphylococcus 

aureus, Escherichia coli, Streptococcus species, Bacillus species, Pasteurella species, 

Corynebacterium species, Pseudomonas species and Proteus species. They also evaluated 

antibiogram patterns of the recovered isolates. Results also revealed that highest susceptibility to 

the enrofloxacin followed by the norfloxacin and gentamycin.  They reported that antibiogram 
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studies of the mastitis pathogens is an important part in suggesting appropriate antibiotic 

selection in order to deliver the quality milk to customers while avoiding the resistance to 

antibiotics, which could lead to possible health threats for humans. Persson et al. (2011) carried 

out a study on subclinical mastitis (SCM) in dairy cows. Milk samples were collected from 583 

dairy cows at 226 dairy farms of Sweden from February 2008 to February 2009. Milk samples 

detected positive for SCM through California Mastitis were subjected to bacteriological 

investigation. The results revealed the most common isolates of 590 bacteriological diagnoses 

were Staphylococcus aureus (19%) and coagulase-negative staphylococci (CNS; 16%) followed 

by Streptococcus dysgalactiae (9%), Str. uberis (8%), Escherichia coli (2.9%), and 

Streptococcus spp. (1.9%). Results also revealed four percent of the S. aureus isolates and 35% 

of the CNS isolates were resistant to penicillin G. 

Idriss et al. (2014) assessed the efficacy of various antimicrobial agents against mastitic 

pathogens in lactating dairy animals in Slovakia. Milk samples from cows were collected and 

subjected to bacteriological examinations for isolation and identification of different bacteria. 

The isolates were tested for sensitivity to the antimicrobial agents through disc diffusion method. 

The results indicated that tetradelta and enrofloxacin were highly effective against S. aureus,  E. 

coli, Strept. agalactiae, Strept. uberis Coagulase negative Staphylococci were found highly 

sensitive  to antibiotics tested in combination including cefalexin + kanamycin and amoxicillin + 

clavulanat. The highest resistance was recorded to penicillin and streptomycin for S. uberis and 

E. coli. Patnaik et al. (2014) isolated and identified the bacteria from 75 milk samples of 

subclinical mastitic crossbreds lactating cows maintained at the University Dairy Farm Ranchi 

Chota Nagpur plateau. Pathogens were distinguished on the basis of biochemical tests, and 

isolated microorganisms were tested for sensitivity to 11 antimicrobial agents. The results of the 
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study revealed that 28% of total isolates were coagulase positive, while 25.33% were coagulase-

negative. Staphylococcus aureus and Staphylococcus epidermidis were differentiated on the 

basis of different biochemical tests. S. aureus were found positive to coagulase test reactions, 

alkaline phosphatase reactions, nitrate reduction tests (NRT), gelatin liquefaction reactions, 

methyl red tests (MRT), fermentation of mannitol and lactose while S. epidermidis showed 

negative response to all these tests. S. epidermidis showed positive reaction to urease test and 

oxidase test whereas S. aureus showed negative reaction to these two tests. The results revealed 

that Staphylococcus aureus and Staphylococcus epidermidis demonstrated highest sensitivity to 

ciprofloxacin. However, 95.24% resistance of S. aureus for ampicillin and 94.74% resistance of 

S. epidermidis for cephalexin were recorded. 
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“Statement of problem” 

Livestock is an important sector in Pakistan and plays a significant role in the economy 

of people engaged in raising livestock, comprised of about 33.0 million heads of cattle. 

Approximately 95% milk production in Pakistan is obtained from cattle and buffaloes. Huge 

efforts have been taken regarding the development in fields of animal breeding, nutrition and 

management to meet the countless demand of milk and milk by-products in the last few years. 

Numerous disease problems have been identified resulting decrease milk production in dairy 

animals however, mastitis is one of the most significant diseases of lactating animals which 

negatively impact the quality and quantity of milk. Therefore, it is essential to identify the 

prevalence of mastitis and to determine the different intrinsic and extrinsic risk factors which 

favor the entry of pathogens into the udder. Cholistani cattle is a dual purpose breed kept for 

milk and drought purpose and it is a main source for socio-economic uplift of nomads of 

cholistan desert. However, scanty type of data regarding mastitis in cholistani cattle is available. 

Therefore, the present study was aimed with objectives to 

1. Study the molecular epidemiology of Staphylococcus aureus as cause of mastitis in 

 Cholistani cows in district Bahawalpur. 

2.    Determine the potential risks factors associated with mastitis in Cholistani cows. 

3. Investigate the biochemical changes in milk and blood induced by mastitis in Cholistani 

 cows.  

4. Study the correlation between minerals and enzymes in milk and blood of mastitic and 

 non-mastitis Cholistani cows. 

5. Test the antimicrobial susceptibility of the Staphylococcus aureus to various important 

antimicrobials. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

EPIDEMIOLOGICAL STUDIES 

Area of study 

 The current study was conducted on lactating Cholistani cows kept at villages, Tobas and 

public livestock Jugait peer farm in district Bahawalpur (Fig. 3.1). The study was conducted for a 

period of one year and one month starting from November, 2013 to December 2014. All 

lactating Cholistani cattle after one month of calving were included in this study. Pakistan 

possesses the tropical and subtropical environmental conditions (Khan et al. 2011). The district 

Bahawalpur is situated at latitude 29.39°N, longitude 71.68°E and altitude 152 meter above the 

sea. The temperature in the study area varies from 40°C to 50 °C with a relative humidity of 

63.1% (Khalid and Gilani 2010).  

Animal herd and management  

 Pastoralist mainly raised the Cholistani cattle in desert conditions for milk and 

socioeconomic uplift (Ali et al. 2009; Farooq et al. 2010). The animals were mostly reared under 

natural climatic conditions and hand milking was practiced. The cattle were kept in small 

clusters and were grazed for 4-5 hours daily on natural grasses. The animals in villages were 

mainly chained and were stall fed with chopped seasonal green fodders along with the wheat 

straw and bran. Some farmers also used commercial cattle feed. 
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Fig. 3.1.  Location Map of District Bahawalpur 
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Study population 

 In this study, a total of 1457 lactating Cholistani cows were tested for sub-clinical 

mastitis and its associated risk factors. Lactating Cholistani cows through cluster sampling were 

selected from 71 villages (Appendix I) and 27 tobas (Appendix II) of Cholistan in the study area. 

One village/Toba was taken as a single cluster having 10 Cholistani cows in lactation. Lactating 

cows from public livestock Jugait peer farm were also examined for subclinical mastitis. The 

animals studied at different areas are shown in Table 3.1. 

Table 3.1: Animal population studied at different locations  

Sr No. Area of study Number of animals 

1. 1 Villages of District Bahawalpur 1092 

2. 2 Tobas of District Bahawalpur 315 

3. 3 Public Livestock Jugait peer Farm, District Bahawalpur 50 

Total 1457 

 

Methods for diagnosis of sub-clinical mastitis 

Collection and testing of milk samples 

In this study lactating Cholistani cows calved up to one month before the start of study 

were included for detection of mastitis. Cows with signs of systemic involvement of mastitis and 

milk samples with pus flakes, blood-tinged, clots and watery secretion were not included in the 
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study. After gross examination, the udders of cows were washed with luke warm water. The milk 

samples from all the lactating cattle of different age groups and stages of lactation were collected 

aseptically (National Mastitis Council Inc. 1990). About 50 ml milk samples were collected and 

tested to detect subclinical mastitis by using California Mastitis Test (Hussain et al. 2012) and 

surf field mastitis test. Milk samples were also collected in sterile plastic bottles for 

microbiological and biochemical investigations. 

California Mastitis Test (CMT) 

The collected milk samples into CMT paddle were tested with California mastitis test 

(Schalm et al. 1971). Briefly, CMT was performed by taking equal volume of milk and reagent 

in CMT paddle and mixed it properly. The paddle was rotated gently and viscosity of gel 

formation was recorded. According to the changes of colour and intensity of gel formation, the 

results were interpreted as negative (0) and positive and 1+ for traces, 2+ for moderate gel 

formation and 3+ severe gel formations (Schalm et al. 1971; Kivaria et al. 2007). Then samples 

were brought to the laboratory for further studies. All the collected samples of milk were 

transported to laboratory in ice box and were subjected to bacterial culture within 4 hours of 

collection.  

Surf Field Mastitis Test (SFMT) 

Surf solution (3%) was used for screening of subclinical mastitis in Cholistani lactating 

cows. Milk samples (10-15ml) from each quarter were collected separately and equal amount of 

detergent solution was added in paddle. The milk and detergent solution were mixed and rotated 

for about 15-20 seconds then examined for thickening of mixture. According to the changes in 
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viscosity of gel, results of SFMT were graded as negative (0) and positive (1+, 2+, and 3+) 

(Muhammad et al. 1995; Muhammad et al. 2010). 

Sample size 

Five percent of the total clusters were included through cluster sampling. One village was 

taken as a single cluster. Bahawalpur district comprised of 1407 villages (Anonymous, 1998). In 

the study animals from 71 villages/clusters (5 %) (1village=1cluster) along with 27 tobas/clusters 

of Cholistan were included. The selection of each cluster was based on the nearest availability of 

Cholistani cattle breed at Private cattle herds and a Public livestock Jugait peer farm. 

Furthermore, the selection of villages/tobas/clusters was also based on the presence of more than 

10 lactating Cholistani cows.  

Milk and blood samples collection 

 Milk and blood samples from lactating Cholistani cows were collected by following the 

standard procedures as defined by the National Mastitis Council Inc. 1999. 

Risk factors 

Data about the several risk factors related to lactating cows, farms and its surroundings 

mainly including parity number, age, lactation period, teat lengths, teat diameters of base mid 

and apex, teat apex to ground distance, milk leakage, body weight, milk production per cow, 

milking techniques, climatic conditions, use of oxytocin and calf suckling for milk let down were 

recorded. The data regarding the presence of teat lesions, type of udder, depth of udder, shape of 

teat and udder, tail length and culling of animals were also recorded. The teat lengths and 

diameters were measured by using Vernier calliper, whereas other measurements were taken by 
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using measuring tape (Hussain et al. 2012; Hussain et al. 2013). A Comprehensive proforma 

(Appendix III) was used for recording these observations at public and private Cholistani cattle 

herds and consent of the owner was also sought. All owners approached in the study area 

responded positively and showed their willingness to be part of the study and helped in sampling 

procedure. The grouping was made for some variables to infer better understanding about the 

epidemiological factors associated with mastitis. The splitting up of variables in different groups 

is presented below in tabulated form (Table 3.2).  

Table 3.2: Various groups of lactating Cholistani cows for bivariate frequency analysis  

Parameters Groups 

Age (years) 3-6 6.1-9 9.1-12 >12 

Parity 1-3 4-6 7-9 >10 

Stage of Lactation  (Months) >0.9-3 >3-6 >6 - 

Body weight (Kg) >220 >270 >320 >370 

Udder depth(cm) 10-12 13-15 16-18 - 

Teat shape Cylindrical Pointed Flat Round 

Udder shape Cup Bowl Round - 

Teat end to floor distance (cm) 31-35 36-40 41-45 >45 

Tail length (cm)  70-80 81-90 91-100 >100 
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Isolation and confirmation of S. aureus 

Staphylococcus aureus from CMT positive animals were isolated using differential and 

selected media as follows: 

Identification of bacterial agent    

 Bacterial isolation, purification and identification from milk samples of infected cattle at 

public and private Cholistani cattle herds were performed by following standard laboratory 

procedures. First, the milk samples from cattle were tested using California Mastitis test (CMT) 

for the detection of sub-clinical mastitis. Milk samples from positive cows at farms were 

collected aseptically (National Mastitis Council Inc. 1990). The same numbers of samples from 

CMT negative animals were collected from farms animals. For isolation of bacteria a loopful of 

0.1ml of milk sample was inoculated on 5% sheep blood agar and Staph-110 agar (Oxoid). For 

24 hours petri plates were incubated at 37°C and presumptive identifications of Staphylococcus 

aureus were done based on colony characteristics, catalase and coagulase tests reactions and 

results were recorded. Macroscopic and morphological features of different bacterial colonies 

were recorded. Smears from different bacterial colonies were made and were stained by using 

Gram staining procedure and examined microscopically at 100 X. The pathogens were finally 

confirmed by performing standard biochemical tests. Staphylococcus aureus on 5% sheep blood 

agar showed alpha and beta haemolysis patterns. Suspected colonies of the Staphylococcus 

aureus were kept at -20°C in Nutrient broth with 20% glycerol. The isolates were biotyped 

through commercially available API Staph 20 kits (BioMerieux, France).  

Biotyping of isolates by Analytical Profile Index (API) kits 

Identification and biotyping of gram positive Staphylococcus aureus was done by using 
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API STAPH kits (Biomerieux, France). The API kit system consists of 20 micro and 20 macro 

tubes supplemented with dehydrated substrates. The importance of this kit system is that at a 

time one can conduct all the necessary biochemical tests to identify different pathogens. Fresh 

bacterial growth suspension was inoculated in API kits system as per the instructions of 

manufacturer. Briefly the following procedure was adopted. 

1. Sterile water was added to the incubation boxes to create humidity. 

2. A distinct bacterial colony from purified growth suspended in fresh broth was added to the 

 tubes of kits (strips). 

3. Where required all the tubes and cupules of the API strips were filled. 

4. Where recommended a layer of mineral oil was added in both the tubes and cupules to create 

 anaerobic conditions. 

5.  The inoculated kits were incubated at 37°C and were read with the help of reading tables. 

 6. In the same kits, some reagents were required to be added to observe the changes. 

7. Finally the pathogens were identified with profile number given in analytical profile index. 

Molecular identification of Staphylococcus aureus as a cause of subclinical mastitis  

PCR was used as a gold standard test for the confirmation and identification of the virulent 

genes of S aureus causing subclinical mastitis. Based on the PCR results cow was decalared as 

positive and negative for subclinical mastitis. Molecular identification of Staphylococcus aureus as a 

cause of subclinical mastitis in lactating Cholistani cows was carried out by polymerase chain 

reaction as described below. 
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Extraction of bacterial DNA 

Bacterial DNA was extracted from growth of bacterial colonies on sheep blood agar 

(5%). Based on biotyping results, 4-5well defined bacterial colonies were taken from pure 

culture and were mixed in distilled water. The suspension was boiled in a water bath for 20-25 

minutes and extracted bacterial DNA was used as a template for subsequent PCR mixture 

(Hussain et al. 2013). 

DNA amplification 

Coagulase gene and spa gene typing of Staphylococcus aureus was carried out  through 

PCR analysis by following the methods reported by Goh et al. (1992) and Guler et al.( 2005) 

with some modifications. Amplification of coagulase gene was done by using set of primers 

(Invitrogen, USA): Coag-2 (5-CGA GAC CCA GAT TCA ACA AG-3) was used as forward 

primer and Coag-3 (5-AAA GAA AAC CAC TCA CAT CA-5) was used as reverse primer. 

Firstly, PCR tubes were labeled and kept on ice. Then 25 μl final volume containing 17 μl of 

master mix, 5 µl of template / Extracted DNA, 1.5 μl of Forward Primers and 1.5 μl of Reverse 

Primers and then samples were added in the labeled tubes and mixed thoroughly  with vortex 

mixer. Then PCR tubes were placed in wells of thermocycler (Model, England). Each sample 

was then subjected for amplification of the coagulase gene to 35, PCR cycles, consisting of 

denaturation for 45 seconds at 94°C, annealing for 45 seconds at 50°C and extension for 90 

seconds at 72°C. The initial denaturation was performed at 94°C for 4 minutes. Each sample for 

the spa gene amplification was also subjected to 35 PCR cycles, consisting of denaturation for 45 

seconds at 94°C, annealing for 45 seconds at 58°C and extension for 90 seconds at 72°C. 
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Initially denaturation was carried out for 4 min at 94°C. Then amplified PCR products were run 

on 0.8% Agarose gel electrophoresis for 60 minutes at 90 volts. 

Visualization of PCR products 

Ethidium bromide (0.5µg/ml) was used for staining the amplified PCR products 

(Sambrook et al. 2002) then visualized and photographed under the UV lamp. 

Milk somatic cell counts 

  Milk total and differential somatic cell counts were determined in the present study as 

given  below.   

Preparation of microscopic smears for staining and counting of leukocytes in milk 

 Milk somatic cell counts and differential leukocyte counts were performed as described 

by Schalm et al. (1971) and Lindmark-Masson et al. (2006). Briefly, the positive milk samples 

with CMT were properly mixed before making smears on microscopic glass slides. Then 10 µl 

of milk samples from each mastitic and normal quarter were spread separately on an area of 1 

cm2 of each glass slides. Then smears were dried at room temperature. After drying, the 

microscopic slides were dipped for 1-2 min in xylene to remove fat. Then the slides were once 

again air dried and kept in the Newman–Lampert stain for 15 minutes, washed in distilled water 

and dried at room temperature prior to use as described by Marshall, (1992). The prepared 

microscopic smears were also stained with Giemsa stain solution for 30-40 minutes and different 

types of somatic cells were identified using oil immersion lens according to the method 

described by Schalm et al. (1971) and Lindmark-Masson et al. (2006).  
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Preparation of different staining solutions 

Different staining solutions were prepared for the counting and identification of various 

types of cells present in the milk. 

Newman-Lampert stain: 

The Newman-Lampert Stain was prepared by adding 0.6 gm of methylene blue in 52 ml 

of 95% ethyl alcohol. In that mixer, 44 ml of tetrachloroethane was dissolved. The staining 

solution was kept at 4°C for 12-24 hours and then 4ml of glacial acetic acid was added. The stain 

was filtered prior to use. 

Giemsa stain: 

  Giemsa staining solution was made by dissolving 0.8 g of Giemsa stain powder (Sigma- 

Aldrich, USA) in 100 ml of equal volumes of glycerol and methanol, placed for a period of 2 

days in mechanical shaker at 20°C. This staining solution was filtered prior to use. 

Milk biochemical study 

Different parameters like milk temperature, pH and electrical conductivity were 

determined immediately after milk collection while milk somatic cell count, fat, protein 

percentage and malondialdehyde concentration were investigated with in four to five hour after 

collection of milk samples. Some of the macro/micro-elements including calcium, copper, 

sodium, potassium, zinc, iron, magnesium, phosphorous in the milk were also determined.  

The milk lactose, protein, fat and solid not fat were estimated by using the apparatus 

(Lactoscope).  Milk pH was determined by using pH meter. The milk temperature and electrical 

conductivity was determined with the help of electrical conductivity meter.  
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Milk electrolytes and trace minerals were determined after wet digestion of milk samples 

to evaluate their levels in mastitic milk according to the method of Richards (1968). Briefly, 5ml 

milk sample and10 ml concentrated nitric acid was taken into a 250 ml conical flask. The 

contents of the flask were heated on Bunsen burner for 20-25 minutes. The flask was removed 

and 5 ml perchloric acid was added. The flask containing this solution was again kept on heating 

till the quantity was condensed to 2- 3 ml and this volume was diluted with up to 50 ml doubled 

distilled water. The digested and diluted samples were used for the estimation of various macro 

and micro minerals present in the milk. The milk sodium and potassium (mg/dl) were determined 

by flame photometer. The total phosphorus (mg/dl) was determined by colorimetric method, on 

UV spectrophotometer at 720nm wavelength against the standard and blank solutions. The 

calcium, magnesium, copper, zinc and iron were determined by atomic absorption 

spectrophotometer (Ahmad et al. 2007). 

Measurement of milk malondialdehyde  

Malondialdehyde (MDA) concentration a lipid per oxidation end product was measured 

by using modified method of Suriyasathaporn et al. (2006). Firstly, 100 µL of milk sample was 

thoroughly mixed with 1mL of trichloroacetic acid with the help of vortex mixer and then 400 

µL thiobarbituric acid was added to above mixture. The mixture was boiled for 30-35 minutes 

and then cooled down by using running tap water. Then four readings were obtained on a UV 

spectrophotometer at 532nm wavelength against blank reaction mixture.  

Enzyme assay procedure 

The collected milk samples were centrifuged at 5000 rpm for 5-10 minutes to remove fat 

from the milk. The fat free milk samples were used for determination of different enzymes 
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(IU/L) including alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and aspartate 

aminotransferase (AST). Defatted samples of milk were then examined for changes occurring in 

ALP, LDH and AST using commercially available kits. The enzyme LDH (Cormay, Catalog # 1-

239) was determined on a spectrophotometer at wavelength 340 nm (Cabaud and Wroblewski 

1958), ALP at wavelength 405 nm (Cormy, Catalog # 1-212) and AST at wavelength 340 nm 

(Analyticon, Catalog # 1178) (Babaei et al. 2007; Hussain et al. 2012). 

Biochemical changes in blood 

Blood samples 5 ml in quantity were collected into tubes without anticoagulant (EDTA) 

from mastitis positive and negative lactating Cholistani cows for serum analysis by jugular vein. 

Serum was removed from the blood samples without centrifugation of mastitic and non mastitic 

lactating cows by placing tubes on ice. The calcium and zinc (mg/dl) levels were determined by 

atomic absorption spectrophotometer (Ahmad et al. 2007). The total phosphorus (mg/dl) was 

determined by colorimetric method, on UV spectrophotometer at 720nm wavelength against 

standard and blank. The activities of different enzymes including lactate dehydrogenase (LDH), 

alkaline phosphatase (ALP) and aspartate aminotransferase (AST) in serum samples were 

measured through spectrophotometrically with commercially available kits. The enzymes LDH 

(Cormay, Catalog # 1-239) was determined on a spectrophotometer at wavelength 340 nm 

(Cabaud and Wroblewski 1958), ALP at wavelength 405 nm (Cormy, Catalog # 1-212) and AST 

at wavelength 340 nm (Analyticon, Catalog # 1178) (Babaei et al. 2007; Hussain et al. 2012). 

Concentrations of oxidative stress parameters including malondialdehyde and nitric oxide in 

blood samples were measured through spectrophotometer (Nisebet et al. 2007; Hussain et al. 

2012). 
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ANTIBIOGRAM STUDIES  

The isolates confirmed through PCR analysis of coagulase positive Staphylococcus 

aureus were tested for their susceptibility to various antibiotics including enrofloxacin, 

ciprofloxacin, norfloxacin, oxytetracycline, penicillin, amoxicillin, ampicilline, gentamicin and 

cephradine by the disc diffusion method (Kirby and Bauer 1966; Anonymous, 2008) as described 

below: 

Procedure 

The isolate suspension was mixed thoroughly by using vortex mixer. A sterile pointed 

cotton swab was then dipped into the growth suspension and excess liquid from the swab was 

removed by touching against the side of the test tube. Iso-sensitivity agar petri plates were 

entirely streaked with the swab back and forth and from edge to edge. Petri plates were rotated 3 

times at about 60° and with repetitive swabbing procedure to ensure the even distribution of the 

inoculums. Antibiotic discs were applied on the inoculated plates by disc dispenser.  Complete 

level of contact of each disc with agar plate was done by pressing the disc down firmly. Agar 

plates having the antibiotic discs were incubated at 37˚C for 24 hours. The results were recorded 

by measuring the growth inhibition zone around the antibiotic disc for each Staphylococcus 

aureus and classifying isolates as sensitive, intermediate and resistant according to zone 

diameter. The cut-off values for Kirby-Bauer disk diffusion test were used to interpret the results 

of study given in table 4.24.   

Statistical analysis 

Statistical software, SAS 9.1 was used for data analysis (SAS, 2004). The results of CMT 

and SFMT were compared through McNemar’s test. Data regarding age, parity, lactation stage, 
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body weight, tail length, teat end to ground distance, udder depth, teats length, teat apex, mid and 

base diameters and milk yield were analyzed by using Analysis of Variance (ANOVA) technique 

and differences in means were compared by t-tests. Mantel-Hansel chi-square and logistic 

regression (bivariate) procedures were also used for analysis of data on these and some of the 

other variables. The bivariate logistic analysis was carried out keeping sublincial mastitis caused 

by S. aureus (PCR-postivitve verus negative) as the outcome variable. Correlations between 

different enzymes and minerals in milk and blood were computed using statistical software. 

Confidence intervals (95%) and odds ratio were also calculated where possible in bivariate 

analysis of logistic regression (Hussain et al. 2013). The data related to biochemical changes in 

the current study were examined by using Analysis of Variance techniques. The mean 

differences were estimated by t-test. P<0.05 was taken as significance level.  
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CHAPTER 4 

RESULTS 

 

The present study was carried out to determine molecular epidemiology, different 

biochemical changes in milk and antibiogram patterns of Staphylyococcus aureus isolates as a 

cause of sub-clinical mastitis in lactating Cholistani cows. In this study lactating cholistani cows 

were included from Government Livestock Jugait peer farm Bahawalpur, Cholistani cattle herds 

kept at different villages and tobas of district Bahawalpur. Information about the risk factors linked 

with lactating animals and their surroundings was also recorded on specially designed proforma 

(Appendix III). The results of current study indicated that California Mastitis Test comparatively 

showed higher sensitivity than surf field mastitis test (SFMT) in detection of subclinical mastitis 

(McNemar’s test statistics value: 71.32 at p value <0.05). In present study the PCR was used as gold 

standard test to detect the subclinical mastitis at different farms. California Mastitis Test detected 

subclinical mastitis in 320 (21.96%) lactating cows while SFMT detected subclinical mastitis in 238 

(16.3%) cows (Fig. 4.1, Appendix IV, Table 4.1). The results of the study also indicated that 273 

(18.7%) of CMT positive milk samples showed growth of Staphylococci on 5 % sheep blood agar 

and Staph 110 agar media through bacteriological culture and PCR confirmed a total of 197 

(13.5%) isolates as Staphylococcus aureus (Fig. 4.2, Appendix IV, Table 4.2). 
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Fig. 4.1: Comparison of results of CMT and SFMT in diagnosis of subclinical mastitis in Cholistani 

cows 

 

Fig. 4.2: Comparison of results of CMT, bacterial culture and PCR in diagnosis of subclinical 

mastitis in cows 
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Molecular epidemiology of Staphylococcus aureus causing subclinical mastitis 

Prevalence of Staphylococcus aureus subclinical mastitis  

The results of the study showed an overall prevalence of 13.5% (95% C.I. = 11.84-15.35) 

based on molecular identification of Staphylococcus aureus in Cholistani cows. Based on the PCR 

results cow was declared as positive (mastitic) and negative (non mastitic). Whereas prevalence in 

different villages, tobas and at public livestock farm was 13.5% (95% C.I. = 11.53-15.58), 13.6% 

(95% C.I. = 10.19-17.78) and 14.0% (95% C.I. = 6.33-25.74) respectively. The results revealed non 

significant difference in prevalence of mastitis among the lactating cows kept at Public Livestock 

farm, villages and tobas (Fig. 4.3, Appendix IV, Table 4.3). 

 

Fig. 4.3: Prevalence of Staphylococcus aureus subclinical mastitis at different locations of the 

study area. 
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Results of the present study indicated an overall quarter based prevalence of 3.50% (95% C.I. = 

3.04 - 4.00) of subclinical mastitis in lactating cows. The highest prevalence was recorded in right 

rear quarters 5.03% (95% C.I. = 3.97-6.29) while the lowest in left front quarters 2.36% (95% C.I. 

= 1.67-3.25) (Fig. 4.4, Appendix IV, Table 4.4). 

 

 

Fig. 4.4: Quarter based prevalence of sub-clinical mastitis in lactating Cholistani cows 

The data regarding the number of blocked quarters due to mastitis was obtained from the 

owners and attendants of the farms on a specific proforma. Results of the current study showed 

overall prevalence of blocked quarters due to previous mastitis cases was 2.93% (95% C.I. = 2.5-

3.39). Results also showed that prevalence of blocked quarters was higher in right rear quarters 

5.91% (95% C.I. = 4.7- 7.2) while the lowest in left front quarters 1.31% (95% C.I. = 0.9- 1.9) (Fig. 

4.5, Appendix IV, Table 4.5). 
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Fig. 4.5: Prevalence of blocked quarters due to mastitis in cows 

Isolation of Staphylococcus aureus from cow’s milk samples 

The isolation of Staphylococcus aureus was carried out from milk samples detected positive 

through CMT for subclinical mastitis of lactating Cholistani cows. California Mastitis Test was 

perfromed only for initial detection of subclinical mastitis in lactating Cholistani cows at farm / 

herd level. The microbiological culture characteristics on Staph-110 agar medium (Oxoid) and 5% 

sheep blood agar in current study were identified based on their primary growths, macro and 

microscopic characteristics of bacterial colonies and gram’s stained smears. Staphylococci produced 

white to yellow and golden colonies on Staph-110 agar medium (Fig. 4.6). The colonies of 

Staphylococci on 5% sheep blood agar exhibited alpha and beta pattern of haemolysis (Fig. 4.7). 

The Staphylococci showed positive reaction to catalase test (Fig. 4.8) and coagulase test. Under 

microscope Staphylococci appeared as gram positive, rounded in shape and grapes like appearance 

(Fig. 4.9). 

1.65 1.31 5.91 2.88 2.93
0

1000

2000

3000

4000

5000

6000

7000

LR LF RR RF Total

N
o
. 
o
f 

q
u

a
rt

er
s 

ex
a
m

in
ed

Quarters involved

No. of Blocked

quarters

Total examined

Prevalence %



Results  

68 

 

 

Fig. 4.6: Creamy white to yellow and golden colonies of S. aureus on Staph 110 agar medium  

 isolated from cow’s milk 
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Fig. 4.7: Small pin point colonies and hemolytic patterns of S. aureus on 5 % sheep blood agar 

medium isolated from cow’s milk samples 

 

Fig. 4.8: Catalase reaction of Staphylococci isolates from milk of Cholistani cows  
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Fig. 4.9: Gram staining of Staphylococci isolates from milk samples of Cholistani cows 

Biotyping of Staphylococcus aureus by API kit system 

 A total of 273 Staphylococci bacteria isolates from milk samples of Cholistani cows were 

recovered on 5% sheep blood agar. These isolates were subjected to API 20-STAPH kits 

(Biomerieux, France) for their confirmation and biotypings. Isolates of Staphylococci were 

identified as coagulase positive Staphylococcus aureus (194) and coagulase negative (79). Seven 

different biotypes of Staphylococcus aureus (Fig. 4.10, Fig. 4.11, Appendix IV, Table 4.6) were 

obtained from milk samples of mastitis positive cows. The most frequent biotype recovered from 

cows from different farms/ herds of Cholistani cows was 6734151. The second most frequently 

found biotype was 6737152 (Appendix IV, Table 4.6).  
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 Fig. 4.10: Figure showing biotypings of S. aureus isolated from milk samples of Cholistani cows 

 

Fig. 4.11: Figure showing biotypings of S. aureus isolated from milk samples of Cholistani cows 

Biochemical characteristic of isolated pathogens  

Various biotypes of Staphylococcus aureus are shown in Fig. 4.10 and Fig. 4.11. The 

biochemical characteristics of Staphylococcus aureus are presented in Appendix IV, Table 4.7. 
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Identification of Staphylococcus aureus by polymerase chain reaction (PCR) 

 The Staphylococcus aureus was confirmed in total 197 (72.2%) from 273 

Staphylococcal isolates obtained from 320 CMT positive milk samples initially identified by API 

20-STAPH kits. The coagulase gene was confirmed from coagulase test positive (179/194) isolates 

and also from coagulase test negative (18/79) isolates. The Coagulase gene was confirmed in 53/59 

(89.8%) and 40/ 47 (85.1%) from most frequently recovered biotypes 6734151 and 6737152 

respectively from different Cholistani cows kept at villages ,tobas and public livestock Jugait peer 

farm. Confirmation of Coagulase gene was also done in other biotypes obtained from Cholistani 

cows at different cattle farms/herds (Appendix IV, Table 4.8). In this study three different PCR 

products approximately, 390bp, 500bp and 600 bp  for coagulase gene and two different PCR 

products approximately, 350 bp and 400bp for spa gene  from S. aureus were amplified by using 

coagulase gene and spa gene primers (Fig. 4.12, Fig. 4.13, Fig. 4.14, Appendix IV, Table 4.9). 

  



Results  

73 

 

Fig. 4.12: PCR based distribution of coagulase and spa genes at different areas of study 

 

Fig. 4.13: Figure showing PCR product size for coagulase gene 
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Fig. 4.14: Figure showing PCR product size (400bp) for spa gene 

Potential risk factors associated with S. aureus subclinical mastitis in lactating Cholistani 

cows  

Potential risk factors of subclinical mastitis are presented in Appendix IV, table 4.10. The 

results of the study showed that age, parity and udder depths were significantly (P<0.05) higher in 

mastitic cows as compared to non mastitic cows, while the average milk yield was significantly 

(P<0.05) lower  in mastitic (7.77±0.09) compared to non mastitic (9.49±0.06) cows (Fig. 4.15, 

Appendix IV, Table 4.10). 
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Fig. 4.15. Comparison (Mean±SE) of risk factors (A) Age, (B) Parity number, (C) Milk yield and 

(D) Udder depth between mastitic and non mastitic Cholistani cows 

The results also showed that tail size and live body weights of mastitic cows differed non 

significantly (P>0.05) from normal cows, while teat to ground distance of mastitic cows was 

significantly (P<0.05) lower than that of normal cows (Fig. 4.16, Appendix IV, Table 4.10). 
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Fig 4.16. Comparison (Mean±SE) of risk factors, (A) tail size, (B) live body weight, and (C) teat to 

floor distance between mastitic and non mastitic Cholistani cows 

The results of the study showed that teat lengths of mastitic cows were significantly 

(P<0.05) lower than non mastitic cows, while the teat apex diameters of mastitic cows were 

significantly (P<0.05) higher than that of non mastitic cows (Fig. 4.17, Fig. 4.18, Appendix IV, 

Table 4.10). 
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Fig. 4.17: Comparisons (Mean±SE) in teat lengths of mastitic and non mastitic cows 

 

 

Fig 4.18: Comparisons (Mean±SE) in teat apex diameters of mastitic and non mastitic cows 
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The results of the study also indicated that teat mid and teat base diameters of mastitic cows 

were non significantly (P>0.05) different than normal cows (Fig. 4.19, Fig. 4.20, Appendix IV, 

Table 4.10). 

 

 

Fig 4.19: Comparisons (Mean±SE) in teat mid diameters of mastitic and non mastitic cows 
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Fig 4.20: Comparisons (Mean±SE) in teat base diameters of mastitic and non mastitic cows 

The results of frequency analysis are presented in Appendix IV, table 4.11. The results of 

bivariate frequency analysis showed the significant relationship of age, live body weight, lactation 

stage, parity, udder depth, teat lesions, teat and udder shapes between mastitic and normal cows 

(Appendix IV, Table 4.11).  

 The results of the bivariate frequency analysis showed that prevalence of subclinical mastitis 

was significantly (P< 0.0001) higher in cows with more than 6 months of lactation or in 3rd stage of 

their lactation (23.1%, 95% C.I. = 19.42 - 27.18) as compared to in lactating cows of 1st and 2nd 

stages of lactations (Fig. 4. 21, Appendix IV, Table 4.11). 
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Fig 4.21: Prevalence of subclinical mastitis with different stages of lactation in mastitic and non 

mastitic cows 

 The results of the bivariate frequency analysis revealed that prevalence of subclinical 

mastitis was significantly (P< 0.008) higher in cows in 3rd parity group of lactation, 22.5% (95% 

C.I. = 15.70 - 30.61) as compared to in lactating cows of other parity groups of study animals (Fig. 

4. 22, Appendix IV, Table 4.11). 
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Fig 4.22: Prevalence of subclinical mastitis with different parity groups of mastitic and non mastitic 

cows 

The results of the bivariate frequency analysis indicated that prevalence of subclinical 

mastitis was significantly (P< 0.001) higher in cows having udder depths of 16-18 cm (17.3%, 95% 

C.I. = 13.10 - 22.19) than in cows with lower udder depths (Fig. 4. 23, Appendix IV, Table 4.11). 
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Fig 4.23: Prevalence of subclinical mastitis with different udder depths of mastitic and non mastitic 

cows 

The results of the bivariate frequency analysis revealed that prevalence of subclinical 

mastitis was significantly (P< 0.0001) higher in older cows, 20.9% (95% C.I. = 16.41 - 26.17) than 

young cows (Fig. 4. 24, Appendix IV, Table 4.11). 
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Fig. 4.24: Prevalence of subclinical mastitis with different age groups of mastitic and non mastitic 

cows 

The results of the bivariate frequency analysis revealed that prevalence of subclinical 

mastitis was significantly (P< 0.0001) higher in cows with pointed teats shapes (21.1%, 95% 

C.I=17.41 - 25.36) as compared to cows with other teat shapes (Fig. 4. 25, Appendix IV, Table 

4.11). 
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Fig 4.25: Prevalence of subclinical mastitis with different teat shapes of mastitic and non mastitic 

cows 

The results of the bivariate frequency analysis indicated that prevalence of subclinical 

mastitis was significantly (P< 0.05) higher in cows with live body weights more than 370 kg 

(18.5%, 95% C.I=14.71 - 22.84) as compared to cows with lower body weights (Fig. 4. 26, 

Appendix IV, Table 4.11). 
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Fig 4.26: Prevalence of subclinical mastitis with different weight groups of mastitic and non 

mastitic cows   

The results of the bivariate frequency analysis revealed that prevalence of subclinical 

mastitis was significantly (P< 0.001) higher in cows with abrasions types of teat and udder lesions 

(26.7%, 95% C.I=18.31 - 36.50) as compared to cows with other types of teat and udder lesions 

(Fig. 4. 27, Appendix IV, Table 4.11). 
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Fig 4.27: Prevalence of subclinical mastitis with different teat lesions of mastitic and non mastitic 

cows 

The results of the bivariate frequency analysis revealed that prevalence of subclinical 

mastitis was significantly (P< 0.05) higher in cows having cup shaped udders (14.8%, 95% C.I. = 

12.4 - 17.31) than in cows with bowl and round shaped udders (Fig. 4. 28, Appendix IV, Table 

4.11). 
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Fig 4.28: Prevalence of subclinical mastitis with different udder shapes of mastitic and non mastitic 

cows 

The bivariate frequency analysis of parameters including milking techniques, milk leakage, 

use of oxytocin, calf feeding, feeding system, housing and dirty hind legs are presented in Appendix 

IV, Table 4.12. The results of the bivariate frequency analysis revealed that prevalence of 

subclinical mastitis was higher in cows milked with folded thumb 26.5% (95% C.I. = 22.88 - 30.38) 

and in cows that had leakage of milk 25.6% (95% C.I. = 19.43 - 32.60) from teats than cows milked 

with whole hand and without milk leakage from teats (Fig. 4.29, Appendix IV, Table 4.12). 
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Fig 4.29: Prevalence of subclinical mastitis associated with different risk factors in mastitic and 

non mastitic cows 

The bivariate frequency analysis revealed that mastitis was also higher in cows in which 

oxytocin was used 18.7% (95% C.I. = 15.44 - 22.33) for milk let down. Mastitis was also higher in 

cows in which calf suckling, 14.4% (95% C.I. =20.57 - 25.75) was practiced before and after 

milking (Fig. 4.30, Appendix IV, Table 4.12).  
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Fig 4.30: Prevalence of subclinical mastitis associated with different risk factors in mastitic and non 

mastitic cows 

The Bivariate frequency analysis also revealed that mastitis was also higher in stall fed cows 

(18.4%, 95% C.I. = 15.58 - 21.43) and kept in close type of housing system (16%, 95% C.I. = 13.58 

- 18.66) (Fig. 4.31, Appendix IV, Table 4.12). 
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Fig 4.31: Prevalence of subclinical mastitis associated with different risk factors in mastitic and non 

mastitic cows 

 The Bivariate frequency analysis also revealed that mastitis was also higher in cows with 

dirty hind legs (17.7%, 95% C.I. = 14.87 - 20.81) than in cows with clean hind legs and in cows 

kept on brick or cemented (B/C) floor type (23.1% 95% C.I. = 19.06 - 27.46) than in cows kept on 

floor type of clay/ kaccha / sandy (Fig. 4.31, Appendix IV, Table 4.12). 
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Fig 4.32: Prevalence of subclinical mastitis associated with different risk factors in mastitic and non 

mastitic cows 

 Results indicated increased prevalence of subclinical mastitis in cows with pointed teat, cup 

shape udder, in chained animals with dirty hind legs and in cows which were placed on brick or 

cemented type of floor. Bivariate logistical analysis indicated protective effect of decreased udder 

depths, during mid and early lactational stages after calving, with flat, cylindrical and rounded teat 

shapes and in cows with bowl and round shaped udders against occurence of subclinical mastitis. 

Logistical analysis also revealed that age, lactation stage, parity, teat shape, udder depth, milk 

leakage from the teats, teat and udder lesions, teat apex to floor distance and milking techniques 

were significantly linked with occurrence of subclinical mastitis (Appendix IV, Table 4.13). 

Biochemical changes in milk and blood induced by subclinical mastitis in Cholistani cows 

The means±SE values of different milk biochemical parameters related to subclinical 

mastitis in Cholistani cows are presented in Appendix IV, Table 4.14. The results of analysis of 

Variance technique revealed that the temperature of milk obtained from mastitic and normal cows 
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did not show any significant (P>0.05) statistical difference. The milk pH (P<0.001) and milk 

electrical conductivity (P<0.001) were significantly increased in milk samples of mastitic cows as 

compared to normal cows (Fig. 4.33, Appendix IV, Table 4.14).  

 

  

 

 

   

 

 

Fig. 4.33: Comparison (mean±SE) of milk biochemical parameters, (A) Milk temperature, (B) Milk 

pH, and (C) Milk electrical conductivity between mastitic and non mastitic Cholistani 

cows 

The results of the study revealed that values of milk protein % (P<0.001), lactose % 

(P<0.001), fat % (P<0.001) and solids not fat % (P<0.001) were significantly decreased in milk 

samples of mastitic cows as compared to normal cows. However, the malondialdehyde 

concentrations was increased significantly (P<0.001) in milk samples of mastitic cows than normal 

ones (Fig. 4.34, Appendix IV, Table 4.14).  
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Fig. 4.34: Comparison (mean±SE) of milk biochemical parameters, (A) FAT, protein, lactose and 

solid non fat (B) malondialdehyde (MDA) between mastitic and non mastitic Cholistani 

cows 

 The results also revealed that total dissolved solids were significantly (P<0.001) increased in 

mastitis positive milk samples as compared to normal milk of non mastitic /healthy cows (Fig. 4.35, 

Appendix IV, Table 4.14 ). 
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Fig. 4.35: Comparisons (Mean±SE) in total dissolved solids (mg/L) between mastitic and non 

mastitic cows 

The milk somatic cell counts (Fig. 4.36, Fig. 4.37) were conducted to differentiate between 

mastitic and normal cows. The results indicated that values of total somatic cells count and 

differential somatic cells count (Appendix IV, Table 4.15) were significantly variable in mastitic 

cows than normal cows. The total somatic cells counts along with neutrophils percentage were 

significantly (P<0.001) increased in milk samples of mastitic cows as compared to normal cows. 

Monocytes, macrophages and lymphocytes percentages were decreased significantly (P<0.001) in 

milk samples of sub-clinically mastitic cows as compared to normal cows (Fig. 4.38, Appendix IV, 

Table 4.15). 
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Fig. 4.36: Figure showing milk somatic cells stained with Giemsa stain from milk samples of cows 

 

Fig. 4.37: Figure showing somatic cells stained with Newman Lampert stain from milk samples  of 

cows 
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Fig. 4.38: Comparison (mean±SE) of milk somatic cell counts, (A) total somatic cell counts (B) 

differential somatic cell counts between mastitic and non mastitic Cholistani cows 

 The results (means ± SE) of milk macro and micro mineral analysis are presented in 

Appendix IV, Table 4.16. The results showed that levels of calcium (Ca), phosphorous (P), 

potassium (K) and magnesium (Mg) were decreased significantly (P<0.001) in milk samples of 

subclinically mastitic cows than normal cows while the values of sodium were significantly 

(P<0.001) increased in mastitic cows than normal cows (Fig. 4.39, Appendix IV, Table 4.16). 
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Fig. 4.39: Changes (Mean ± SE) in various macro minerals in milk samples of mastitic and non 

mastitic cows  

The results indicated the values of Zinc and copper were non significantly (P>0.05) differed in milk 

samples of mastitic and normal cows (Fig. 4.40, Appendix IV, Table 4.16). 
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Fig. 4.40: Changes (Mean ± SE) in various micro minerals in milk samples of mastitic and non 

mastitic cows 

The results of various milk serum enzymes in normal and mastitic cows are presented in 

Appendix IV, Table 4.17. The results revealed that in milk, the values for alkaline phosphatase, 

aspartate amino trasnferase and lactate dehydrogenase were increased significantly (P<0.001) in 

milk samples of mastitic than normal cows (Fig. 4.41, Appendix IV, Table 4.17). 
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Fig. 4.41: Changes (Mean±SE) in enzymes levels in milk samples of of mastitic and non mastitic 

cows 

 The results of various milk serum enzymes in normal and mastitic cows are presented in 

Appendix IV, Table 4.18. The different blood serum enzymes such alkaline phosphatase, aspartate 

aminotransferase and lactate dehydrogenase were statistically (P<0.001) increased in serum 

samples of mastitic cows as compared to normal cows (Fig. 4.42, Appendix IV, Table 4.18). 

0

100

200

300

400

500

600

Alkaline phosphatase Aspartate amino

transferase

Lactate dehydrogenase

E
n

zy
m

es
 (

IU
/L

)

Non mastitic

mastitic



Results  

100 

 

Fig. 4.42: Changes (Mean±SE) in levels of enzymes in serum samples of mastitic and non mastitic 

cows 

The results of values of calcium, phosphorous and zinc in normal and mastitic cows are 

presented in Appendix IV, Table 4.19. The values of calcium, phosphorous and zinc were 

significantly (P<0.001) decreased in serum samples of mastitic cows as compared to normal cows 

(Fig. 4.43, Appendix IV, Table 4.19). 
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Fig. 4.43: Changes (Mean±SE) in minerals in serum samples of mastitic and non mastitic cows 

The changes (Mean±SE) in results of malondialdehyde and nitric oxide concentrations in 

normal and mastitic cows are presented in Appendix IV, Table 4.19. The values of 

malondialdehyde and nitric oxide concentrations were also significantly (P<0.001) increased in 

serum samples of infected cows as compared to non infected cattle with subclinical mastitis (Fig. 

4.44, Appendix IV, Table 4.19). 
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Fig. 4.44: Changes (Mean±SE) in the levels of (A) malondialdehyde (MDA) and (B) nitric oxide 

(NO) concentrations in serum samples of mastitic and non mastitic cows 

concentrations in serum samples of mastitic and non mastitic /healthy cows 

Correlations between minerals and enzymes in milk samples of cows with subclinical mastitis  

 Correlations of minerals and enzymes in milk samples with subclinical mastitis are 

presented in Appendix IV, Table 4.20. Among these, sodium showed significantly (P<0.05) 

negative correlations with potassium, calcium, magnesium, phosphorus, iron and zinc and 

significantly (P<0.05) positive correlations with enzymes such as aspartate aminotransferase, lactate 

dehydrogenase and alkaline phosphatase. Potassium showed significant (P<0.05) positive 

correlations with calcium, magnesium, phosphorus, iron and zinc while significant (P<0.05) 

negative correlations with alkaline phosphatase, lactate dehydrogenase and aspartate 
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aminotransferase. Calcium showed significantly (P<0.05) positive correlations with magnesium, 

phosphorus, iron and zinc and significantly (P<0.05) negative correlations with aspartate 

aminotransferase, lactate dehydrogenase and alkaline phosphatase. Magnesium showed 

significantly (P<0.05) positive correlations with phosphorus, iron and zinc while significantly 

(P<0.05) negative correlations with alkaline phosphatase, lactate dehydrogenase and aspartate 

aminotransferase. Phosphorus showed significantly (P<0.05) positive correlations with iron and 

zinc significantly (P<0.05) negatively correlated with aspartate aminotransferase, lactate 

dehydrogenase and alkaline phosphatase. Iron showed significant (P<0.05) positive correlations 

with zinc while significant (P<0.05) negative correlations with aspartate aminotransferase, lactate 

dehydrogenase and alkaline phosphatase. Zinc showed significant (P<0.05) negative correlations 

with alkaline phosphatase, lactate dehydrogenase and aspartate aminotransferase. Lactate 

dehydrogenase showed significant (P<0.05) positive correlations with aspartate aminotransferase 

and alkaline phosphatase. Aspartate aminotransferase showed significant (P<0.05) positive 

correlations with alkaline phosphatase (Appendix IV, Table 4.20).  

Correlations between minerals and enzymes in blood serum of cows with subclinical mastitis  

 Correlations of minerals and enzymes of cow serum with subclinical mastitis are presented 

in Appendix IV, Table 4.21. Among these, calcium showed significant (P<0.05) positive 

correlations with phosphorus and zinc while a significant (P<0.05) negative correlations with 

alkaline phosphatase, lactate dehydrogenase and aspartate aminotransferase. Phosphorus also 

showed significant (P<0.05) positive correlations with zinc and significant (P<0.05) negative 

correlations with alkaline phosphatase, lactate dehydrogenase and aspartate aminotransferase. Zinc 

showed significant (P<0.05) negative correlations with alkaline phosphatase, lactate dehydrogenase 

and aspartate aminotransferase. However, Lactate dehydrogenase showed significant (P<0.05) 
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positive correlations with alkaline phosphatase and aspartate aminotransferase while alkaline 

phosphatase showed significant (P<0.05) positive correlations with aspartate aminotransferase 

(Appendix IV, Table 4.21). 

Correlations between minerals and enzymes of milk samples of non mastitic cows 

 Correlations of minerals and enzymes of cow milk with subclinical mastitis are presented in 

Appendix IV, Table 4.22. Among these, Potassium showed a significant (P<0.05) negative 

correlations with calcium while calcium showed significant (P<0.05) positive correlations with 

phosphorus. Iron showed significant (P<0.05) positive correlations with aspartate aminotransferase. 

Copper showed significant (P<0.05) positive correlations with alkaline phosphatase (Appendix IV, 

Table 4.22). 

Correlations between minerals and enzymes in blood serum samples of non mastitic cows 

 Correlations of minerals and enzymes in serum samples of normal cows are presented in 

Appendix IV, Table 4.23. Among these, Zinc showed a significant (P<0.05) negative correlations 

with aspartate aminotransferase and alkaline phosphatase. However, Lactate dehydrogenase and 

Alkaline phosphatase showed significant (P<0.05) positive correlation with Aspartate 

Aminotransferase (Appendix IV, Table 4.23). 

ANTIBIOGRAM STUDIES 

Antibiogram Patterns of Staphylococcus aureus isolates 

 The susceptibility patterns of PCR confirmed isolates of Staphylococcus aureus were tested 

for amoxicillin (AML 10), ampicillin (AMP 10), norfloxacin (NOR 10), enrofloxacin (ENR 5), 

oxytetracycline (OT 30), gentamicin (CN 10), ciprofloxacin (CIP 5), penicillin (P 10) and 
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cephradine (CR 10) by disc diffusion method. The Staphylococcus aureus isolates were highly 

sensitive to amoxicillin (88%), followed by enrofloxacin (78%), ampicillin (74%), ciprofloxacin 

(70%), norfloxacin (61%), oxytetracycline (56%) and gentamicin (55%). However, the 

Staphylococcus aureus isolates were highly resistant to cephradine (100%) and penicillin (65%) 

then followed by oxytetracycline (37%), enrofloxacin (22%), ampicillin (16%), amoxicillin (12%) 

and norfloxacin (10%) (Fig. 4.44, Fig. 4.45 Appendix IV, Table 4.24). 

 

Fig 4.45: Figure shows zone diameters using Kirby-Bauer plate 
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Fig. 4.46: Antibiogram patterns of PCR confirmed Staphylococcus aureus isolates 
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CHAPTER 5 

DISCUSSION 

Livestock is an important sector in Pakistan and plays a significant role in the economy 

of people engaged in raising livestock, comprised of about 33.0 million head of cattle (Bachaya 

et al. 2011). Approximately 95% milk production in Pakistan is achieved by cattle and buffaloes 

(Hussain et al. 2012). Numerous disease problems have been identified causing decrease in milk 

production in dairy animals. However, mastitis is one of the most significant diseases of lactating 

animals which negatively impact both quality and quantity of milk (Bachaya et al. 2011; Hussain 

et al. 2013). Hence, it is essential to identify the prevalence of subclinical mastitis and to 

determine the various intrinsic and extrinsic risk factors which favor the entry of pathogens into 

the udder. The results of this study are discussed under specific headings of molecular 

epidemiology of S. aureus, Potential risk factors, Milk somatic cell counts, Physical and 

biochemical changes in milk and blood during subclinical mastitis, and Antibiogram patterns. 

The discussion is described in segments to have better understandings of research outcome in 

relation what has been reported previously in Pakistan and other regions of the world.  

Molecular epidemiology of S. aureus  

In this study an overall prevalence of mastitis 13.5 % at cow’s level and 3.50 % at 

quarter’s level was calculated through PCR. Previously many researchers reported increased 

prevalence of subclinical mastitis in cattle and buffaloes in Pakistan (Bachaya et al. 2011; 

Mustafa et al. 2011; Akhtar et al. 2012; Hameed et al. 2012; Ali et al. 2014) and in other regions 

of the world (Elbably et al. 2013; Khanal and Pandit 2013; Zeryehun et al. 2013; Rahman et al. 

2014).  However, lower prevalence of mastitis has also been reported in different regions, breeds 

of cattle and on other farms (Hunderra et al. 2005; Bhatt et al. 2011). These differences in the 



Discussion  

108 

prevalence of subclinical mastitis might be as a result of various husbandry practices, use of 

diagnostic techniques, environmental conditions and the immune status of lactating animals. 

Mastitis is a disease of mammary parenchyma and caused by various microbial agents mainly by 

Staphylococci (Harini and Sumathi 2011; Mohanty et al. 2013; Tyagi et al. 2013). Therefore, in 

present study the focus targeted this important pathogen. Previously, it was reported that the 

Staphylococcus aureus can be found on different body parts and stay alive in skin of teats and 

associated lesions, leading to mastitis. It can live in macrophages and neutrophils and invades to 

mammary epithelial cells (Almeida and Oliver 1995; Hensen et al. 2000) eventually harming the 

mammary gland by evading host immune reactions (Pyorala, 1988; Sol et al. 2000).  

In this study Staphylococci bacteria were identified based on colony characteristics, 

catalase test and coagulase test for Staphylococci species. Finally Staphylococci were identified 

with API Staph kits (BioMerieux; France). Staphylococcus isolated on selected culture media 

from milk samples was confirmed through API Staph system kits. Various studies previously 

showed its use for identification and confirmation of Staphylococcal species in humans (Kloos 

and Wolfshohl 1982; Almeida and Jorgensen 1983) but only a few experiments have reported its 

use for identification of pathogens in bovines (Langlois et al. 1983). Kloos and Schleifer (1975) 

documented that API system identified the S. aureus most accurately with about 82.3% accuracy. 

The API Staph kit system was developed for recognition of Staphylococci in human but 

accurately recognized 45.2% of pathogens of bovines which might be as a result of variation in 

biochemical profiles between human and animal pathogens (Langlois et al. 1983). Previously 

similar reports have been reported by Langlois et al. (1983) and Langlois et al. (1984) about the 

API Staph kit system that accurately detected the 54% and 91.2% isolates from milk samples of 
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bovine.  Results revealed that 7 biotypes of Staphylococcus aureus were identified by using API 

kit system on samples from milk samples collected from different lactating animals. 

Mastitis control in dairy animals is imperative throughout world as it is the foremost 

cause amongst the several diseases implicated in drop of milk yield (Hussain et al. 2012a). 

Hence, it is crucial to examine the mastitogens using molecular based techniques as an important 

component in controlling the mammary gland infections. Incidence of mastitis can be decreased 

by detection of virulent factors found in mastitis causing pathogens. Molecular typing of mastitis 

causing microorganisms is now documented as a necessary tool in mastitis control program. It is 

also an essential part in tracking and spread of the infectious diseases from one area to others or 

amongst the different animal herds. Staphylococcus aureus can be identified by the presence of 

coagulase gene that is a fundamental phenotypic feature used worldwide (Goh et al. 1992). 

Epidemiological studies of mastitis revealed that Staphylococcus aureus bacteria produce 

virulence factors, and it is also reported that a strong association exists between severity of the 

mastitis and virulence factors produced by Staphylococcus aureus (Akineden et al. 2001). Hence, 

amplification of coagulase gene from Staphylococcus aureus by using polymerase chain reaction 

(PCR) technique is quick, precise and easy process for typing the Staphylococcus aureus and 

being used for its identification from mastitis cases of bovine in last few years (Aarestrup et al. 

1995; Lawrence et al. 1996; Lange et al. 1999; Schlegelova et al. 2003; Rodrigues da Silva and 

Silva 2005; Hussain et al. 2013).  

Results of our study indicated that 72.2% (197/273) of the isolates were found positive 

for coagulase gene through PCR amplification process. Similar findings were recorded by the 

Karahan and Cetinkaya (2007) and Akineden et al. (2001) who reported that 80.6% (161/ 200) of 

Staphylococcus aureus isolates contained the coagulase gene those recovered from subclinical 
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mastitis in bovine. While Momtaz et al. (2010) reported 48.83% of the bacterial isolates were 

found positive for coagulase gene through polymerase chain reaction of milk samples detected 

positive with CMT 3+ results. 

In current study three different PCR products approximately 390bp, 500bp and 600 bp 

from Staphylococcus aureus for coagulase gene were amplified by use of coagulase gene 

primers. Various other work carried out by different researchers (Goh et al. 1992; Hookey et al. 

1998; Hookey et al. 1999; Salasia et al. 2004; Kalorey et al. 2007; Reinoso et al. 2008; Saei et al. 

2009; Himabindu et al. 2009; Hussain et al.2013; Tyagi et al. 2013) with same coagulase gene 

primers, but different PCR products was performed by coagulase gene amplifications. Previous 

work of Hookey et al. (1998); Cabral et al. (2004) and Coelho et al. (2009) also supported our 

results about different product sizes of coagulase genes, who also reported that amplification of 

coagulase gene showed four different PCR product sizes of 400 base pair, 600 base pair, 700 

base pair and 900 base pair. However, on the contrary to our results a single amplicon size of 710 

bp produced in coagulase gene amplification performed for 68 isolates of S. aurues (Tyagi et al. 

2013). Although the exact source for the coagulase gene polymorphism in different 

Staphylococcus aureus bacteria is still unclear upto now. The different PCR product size might 

be due the diversity in allelic form of coagulase gene (Goh et al. 1992; Aslantas et al. 2007). It 

could be as a result of inclusion or deletion or mutation by which a part of 3' end area of 

coagulase gene is deleted or added numerous nucleotides and as a result changes the coagulase 

gene product size and might be possibly antigenic properties of the coagulase enzyme (Saei et al. 

2009; El-Jakee et al. 2010; Hussain et al. 2013). On the other hand, it might be as a result of 

different mutations and antigenic capability of coagulase gene. Similar submissions have also 



Discussion  

111 

been reported (Duthie and Lorenz 1952; Stutzenberger and Clemente 1967; Phonimdaeng et al. 

1990; Saei et al. 2009; Himabindu et al. 2009).  

Staphlyococcal protein A (Spa) gene is another major virulence factor in Staphylococcus 

aureus. It is involved in the encoding of protein A in Staphylococcus aureus and used for typing 

of the Staphylococcus aureus isolates (Harmsen et al. 2003). Spa is found in cell wall and 

bounded to peptidoglycan. Spa is produced by S. aureus, which is an important amongst the 

different cell surface proteins and it is a suitable mark to detect the difference amongst the 

Staphylococcus aureus pathogens in a short duration (Lange et al. 1999; Reinoso et al. 2008; 

Karahan et al. 2011; Hussain et al. 2013). In present study, 183 (67.03%) isolates produced 

amplicon size of 350 bp and 400 bp for Spa gene by using spa gene primers. Similar findings 

were reported in previous research data by Pozza et al. (1999); Lange et al. (1999); Suleiman et 

al. (2012) that spa gene amplification of the X region produced amplicon size for each of the 

isolate tested i.e. 300bp, 750bp and 900bp respectively. However, Spa gene amplification gave 

two different polymerase chain reaction product sizes of 400bp-450bp. The unpredictability and 

stability of spa  gene reveled that sequence analysis of this gene can be used in molecular typing 

of Staphylococcus aureus pathogens as a substitute method and role of spa gene in the 

subclinical mastitis as a risk factor in its occurrence (Zecconi and Hahn 2000). Through PCR 

amplification of gene encoding IgG binding regions of protein A indicated different bands of 700 

base pairs and 900 base pairs. However, Staphylococcal protein A gene amplification also 

produced lower amplicon sizes of 180bp, 250bp and 260bp as compared to amplicon sizes 

obtained in our study. It is also reported that spa gene of more than 260bp tends to be more 

linked to the epidemics than the sporadic strains of Staphylococcus aureus. The variability and 

constancy of spa gene indicates that molecular sequence analysis of spa gene might be used as a 
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substitute method to molecular typing of the Staphylococcus aureus isolates (Frenay et al. 1996). 

For accurate and reliable typing of Staphylococcus aureus strains, single locus DNA sequencing 

with repeat regions of coagulase and Stahplyococcal protein A (Spa) genes may possibly be 

used. Result of the current study revealed that the isolates which showed the amplification 

against the spa gene were also amplified for coagulase gene. Previous research data also reported 

similar findings (Frenay et al. 1996; Shopsin et al. 2000; Tang et al. 2000). Differences in 

amplicon size for spa gene were also detected (Johler et al. 2011; Haran et al. 2012).The results 

of the study indicated some genotypes of S. aureus occurred occasionally in particular lactating 

dairy animals. The incidence of such kinds of S. aureus genotypes could be less adapted to the 

udder and simply eliminated from the mammary parenchyma. Its distribution differed 

geographically (Joo et al. 2001). However, particular Staphylococcus aureus genotypes found in 

several animal herds might be as a result of enhanced resistance to the immune response of the 

host especially activities of neutrophils (Moon et al. 2007). The results of this study have shown 

that S. aureus isolated from infected milk with mastitis showed diversity genetically and 

homogeneity as found in coagulase and spa genes based on the location of lactating herds. 

The results of our study also revealed that through coagulase test, Staphylococci found 

negative were detected positive for coagulase gene through PCR analysis. Coagulase negative 

Staphylococci isolates i.e 18 out of 79 revealed resemblance to S. aureus and were again 

classified as Coagulase positive Staphylococci species based on the results of coagulase gene 

detection. The similar results were reported by Himabindu et al (2009) and De Moura et al 

(2012); Gharib et al. (2013) who recorded that two of strains that were placed as coagulase 

negative on the basis of results of tube coagulase test were detected as positive through PCR 

amplification program. Thus accurate amplification PCR method used for isolates not only 
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validates the outcome of the biochemical tests but also it is precise means in detection of 

pathogenic strains in different types of infections. Staphylococcus aureus identification through 

Coagulase production is the most important criterion being used in the clinical microbiological 

laboratory. Allelic diversity in coagulase gene of S. aureus is found with each isolate being 

capable of production of enzyme variants of one or more types (Landolo, 1990; Gharib et al. 

2013). 

Potential risk factors 

In the present study a significant relationship of age with prevalence of subclinical 

mastitis was recorded. Previously similar findings have also been reported (Moges et al. 2011; 

Zeryehun et al. 2013). However, a non statistical association of sub-clinical mastitis incidence 

with increasing age has been estimated by others (Hussain et al. 2013). The increased prevalence 

of sub-clinical mastitis in cows with older age in the study may be related to higher chances of 

mastitic pathogens entry into udder with relaxed teats sphincter’s muscles. 

In current study incidence of mastitis was statistically higher in right hind quarters. These 

results are in accordance with findings of various other researchers who also recorded higher 

occurrence of mastitis in hind quarters of udders (Hussain et al. 2013; Zeryehun et al. 2013; 

Tripura et al. 2014; Zenebe et al. 2014). This increased prevalence of sub-clinical mastitis in hind 

quarters of the udders might be attributable to increased milk yield performance followed with 

relaxed muscles of teat sphincters and unhygienic hind legs. It may also be linked to the common 

practice adopted by the dairy farmers in Pakistan that mostly allow the calf to suck dam on the 

right side for milk let down and also leave some quantity of milk for calf in right quarters of 

udder which may possibly cause lesions in the teats and cistern membranes.  
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Results of this study revealed that prevalence of subclinical mastitis was significantly 

higher in cows with small teat lengths and with increased teat apex diameters. These results are 

supported by the previous work (Chrystal et al. 1999; Rupp and Boichard 1999; Sorensen et al. 

2000; Klaas et al. 2004; Bhutto et al. 2010; Hussain et al. 2012). These parameters could be 

related with entry of mastitis causing microorganisms as they can easily gain entry into the teats 

having large apex diameters and take less time to travel less distance for multiplication into the 

udder parenchyma to induce inflammatory changes linked with mastitis. 

In this study, both frequency analysis and logistic regression analysis procedure 

suggested a strong relationship of udder depths and parity with incidence of mastitis. The 

occurrence of mastitis was also significantly increased in cows with higher udder depths, in 

higher parity and with shorter teat tip to ground distance. Previous studies also showed 

significant association of increased udder depth, higher parity and lower teat tip to ground 

distance with mastitis incidence (Waage et al. 2001; Svensson et al. 2006; Compton et al. 2007; 

Steeneveld et al. 2008; Lakshmi et al. 2009; Bhuto et al. 2010; Adane et al. 2012; Hussain et al. 

2013; Kathiriya et al. 2014; Kayesh et al. 2014).  

Lactation stage was significantly linked with mastitis in current study, and previously 

reported (Breen et al. 2009; Adane et al. 2012; Kayesh et al. 2014). However, several studies 

indicated higher prevalence of mastitis during early stage of a cow’s lactation (Svensson et al. 

2006; Steeneveld et al. 2008; Girma et al. 2012; Kathiriya et al. 2014). The higher prevalence of 

mastitis with advancement of lactation may possibly be associated with continuous milking of 

dairy animals for lengthy times putting negative pressure on the teats that result in breaks in the 

epithelial linings, leading to mastitis. 



Discussion  

115 

In this study, the average milk yield of sub-clinically mastitic cows was (7.77±0.09) 

compared to non mastitic cows (9.49±0.06). The milk yield was recorded on proforma of each 

cow included in the study. The milk yield in mastitic cows was significantly lower in mastitic 

cows as compared to non mastitic cows. The lowered milk production may possibly be as a 

result of udder infection during which the milk synthesis activity of the lacteal tissues is 

impaired. As a result of low metabolic activity, lowered secretory activity of the alveolar cells 

takes place, and eventually result in low milk yield (Anderson, 1974; Stefanon et al. 2002; 

Boutinaud et al. 2004). Hortet et al. (1999) and Barillet et al. (2001) reported that udder 

inflammation results in the significant decrease in milk yield. Selsted et al. (1993) also reported 

that during udder inflammation milk production decreases because of reduced activity of the 

alveolar secretory cells of mammary parenchyma. Zhao and Lacasse (2008) reported that some 

pathogens produce lethal toxins which damage the lacteal cells of mammary glands and 

decreases the alveolar secretory cells activity responsible for milk yield. 

The results of the current study did not reveal any significant relationship of tail lengths 

and live body weights with the occurrence of mastitis. However, the frequency analysis 

procedure showed the significant link of higher body weights with incidence of sub-clinical 

mastitis. Similar findings have also been reported (Kivaria et al. 2007; Bedacha and Menghistus, 

2011; Hussain et al. 2013). 

The study indicated significant differences in teat lesions, teat and udder shapes (Klaas et 

al. 2004; Bhutto et al. 2010) between mastitic and non mastitic cows. The logistic analysis also 

revealed the significant link with mastitis occurrence of these parameters studied. Formerly, 

significant relationships of several udder and teat shapes have been observed (Sorensen et al. 

2000; Waage et al. 2001; Svensson et al. 2006; Compton et al. 2007; Bhutto et al. 2010; Bedacha 



Discussion  

116 

and Menghistus 2011; Deng et al. 2012; Hussain et al. 2013). It is very difficult to describe the 

results related to the shapes of teat and udder concerning higher mastitis occurrence in cows 

having pointed teats and cup shaped udders than other teat and udder shapes. Further studies are 

necessary to verify and to find relationship of gross anatomical variations those are favorable for 

pathogens to get entry or to be retained in the teat canal or teat cisterns which are not cleared 

during milking. The logistic analysis results also confirmed the relationship of teat shapes with 

incidence of mastitis in cows.  

In Pakistan, oxytocin may be administered without following recommended dose rate for 

milk let down in lactating animals due to lack of education about its proper use. In this study, 

frequency analysis revealed that occurrence of mastitis was statistically higher in cows in which 

oxytocin was administered frequently and results are in agreement with findings of Hussain et al. 

(2013). But in available literature no, sufficient data is accessible about the prevalence of 

subclinical mastitis in cows related the frequent usage of oxytocin. This higher occurrence of 

mastitis may possibly be due to the reason that smooth muscles contractions of teats and teat 

cisterns are increased with oxytocin administration, resulting in ballooning of involved tissues.  

The teat’s sphincter remains partially open for more time and pathogens get more chances to 

enter into the mammary parenchyma. This study revealed that occurrence of sub-clinical mastitis 

was higher in cows with calf suckling for milk let down. Previously, significant association in 

occurrence of mastitis with calf suckling has been reported (Socci and Redaelli 1973; Chand et 

al. 1995). 

Prevalence of subclinical mastitis in this study was significantly linked with presence of 

teat lesions as revealed by frequency analysis and logistic regression analysis. Similar results 

have been published (Chrystal et al. 1999; Svensson et al. 2006; Nyman et al. 2007; Compton et 
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al. 2007; Breen et al. 2009). Bhutto et al. (2010) reported that strong relationship exists between 

intra mammary microorganisms mainly including Staphylococcus aureus and presence of teat 

lesions.  

In the current study bivariate frequency analysis indicated significant association between 

dirty hind legs and prevalence of mastitis in lactating cows. Similarly Nyman et al. (2007) 

reported that dirty rear legs at lower parts had significant relationship in occurrence of mastitis. It 

may possibly be due to the reason that insanitary conditions of rear legs and presence of dirtied 

dung material can help in causing mastitis in lactating cows. The frequency analysis also 

indicated significant relationship of milking technique, milk leakage and floor types with 

occurrence of mastitis. Folded thumb milking, milk leakage from teats and cemented floor were 

significantly associated with occurrence of mastitis. The reason behind may be the damaging 

effect on teat canal milking with folded thumb and due to leakage of milk from teats causes 

partial opening of teat orifices and increases the chances of mastitis occurrence. The cemented 

floor can act as a source of contamination of udder while the animal is laving on the ground.  

The frequency analysis results on housing pattern and on feeding system showed 

significant association on occurrence of mastitis. Similarly, Ingvartsen and Andersen (1993) 

have determined that the space allowance was the most significant factor mastitis in farm 

animals. Barkema et al. (1999) have reported that grazing factors were significantly linked with 

occurrence of mastitis. Parker et al. (2007b) also reported that occurrence of mastitis increased in 

grazing animals. It may possibly be due to the reason that when cows are placed at close 

proximity and chances of teat lesions occurrence are more. In addition the teat lesions 

particularly at the teat openings enhance the chances of penetrations of infectious agents into the 

udder ultimately resulting to udder infection. It is reported that the teat canal injury cuases easy 
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colonization of pathogens which results inflammatory reaction in the mammary glands (Hussain 

et al. 2012). 

Milk somatic cells count 

Milk somatic cell counts play a crucial role in determining the inflammatory reaction 

present in mammary tissue. It is usually used as a diagnostic tool. The mean somatic cell counts 

in mastitic and normal cows was 42.04x 105 and 2.17x 105, respectively. There was greater 

difference in mean somatic cells in milk samples of mastitic and normal cows. Results of this 

study indicated that total milk somatic cells count and neutrophils percentage increased 

statistically in mastitic cows. The inflammatory reaction of mammary tissue is directly linked to 

neutrophils influx. It is logical that when the inflammation starts, the neutrophils number 

increases therefore the predominantly neutrophils population in the milk is considered the best 

indicator of udder infection. Similar reports have been published with increased total somatic 

cells count and neutrophils percentages in sub-clinical mastitis (Morgante et al. 1996; Leitner et 

al. 2000a; Pillai et al. 2001; Dhakal, 2006; Lindmark-Mansson et al. 2006; Suriyasathaporn et al. 

2006; Piepers et al. 2009; Fakhar-uz-Zaman et al. 2009; Hussain et al. 2012; Haron et al. 2014; 

Kamal et al. 2014). The results of this study revealed that percentages of monocytes, 

macrophages and lymphocytes populations were significantly decreased in milk samples of 

mastitic cows than normal cows. Similar findings to this study concerning the differential cells 

count have been reported (Kehrli and Shuster 1994; Morgante et al. 1996; Schukken et al. 2003; 

Gargouri et al. 2008; Bhutto et al. 2012; Hussain et al. 2012; Jin-bo et al. 2012). 
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Physical and biochemical changes in milk and blood 

In this study the results revealed that mean values of milk electrical conductivity and milk 

pH were statistically increased in milk samples of mastitic cows as compared to normal cows. 

The increased pH of the mastitic milk can be related to the increase in concentration of sodium 

which was also recorded in this study. Similar reports have also been published by many 

researchers (Betavani et al. 2007; Mirnawati et al. 2011; Hassan, 2013; Yarabbi et al. 2014). The 

increased electrical conductivity of sub-clinically mastitic milk might be as a result of higher 

concentrations of salts or ions released due to increased vascular permeability of cell membranes 

because of inflammation of mammary tissue or it may possibly by reason of intra-mmary 

damage and increased release of salts into the milk. Previously, a few workers have reported that 

milk conductance increases because of extreme amount of salts during subclinical mastitis 

(Murray et al. 1998; Mabrook and Petty 2003; Roy et al. 2009; Sharma et al. 2011; Hussain et al. 

2012; Kasikci et al. 2012). Results of this study and previous reports recommend that measuring 

pH and electrical conductivity tests can be used to detect the hidden intra-mammary infection, 

which can be quite easy, rapid and economical.  

In this study concentration of malondialdehyde were measured in mastitic and normal 

cows to find out the oxidative stress in the udder tissue because of mastitic pathogens. Results of 

this study indicated significant higher values of Malondialdehyde concentration in mastitic milk 

than normal milk of Cholistani cows. Oxidative stress indicates an imbalance between oxidants 

and reductants at cellular level. It is usually occurs because of the cellular modifications during 

cells injuries, tissue necrosis, and apoptosis. Malondialdehyde which is a biological product 

formed as a result of metabolic reaction during lipid peroxidation process indicates the oxidative 

stress (Chiu et al. 1982; Kappus 1985, Suriyasathaporn et al. 2006). During synthesis of milk, 
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mammary tissue needs high energy and more oxygen which increases production of the reactive 

oxygen molecules. Infectious diseases of udder in different dairy animals are strongly linked 

with production of reactive oxygen species (ROS) due to increase liped peroxidation process 

(Atroshi et al. 1996: Gitto et al. 2002; Lykkesfeldt and Svendsen, 2007).  

The results indicated that milk fat %, proteins %, lactose % and solid not fat % were 

decreased significantly in milk samples of mastitic cows than of normal cows. The decreased 

levels in these parameters may possibly be associated with detrimental effects of mastitis causing 

microorganisms and host immune status or it might be as a result of weakened synthetic activity 

of udder tissue. Secondly, it could be due to increased permeability of the cell membranes of 

mammary tissues consequently resulting to increased leakage of those enzymes which are mainly 

involved in biosynthetic activity of secretory cells of lacteal tissue. The results of the study are in 

accordance with previous studies indicating decreased in milk fat%, proteins%, lactose% and 

solid not fat % in milk samples of mastitic cows (Lindmark-Mansson et al. 2006; Hussain et al. 

2012; Calderon-Rangel et al. 2014; Yarabbi et al. 2014). 

The results indicated that values of sodium in milk samples of mastitic cows were 

increased significantly as compared to in milk samples of normal cows. Where as, potassium 

concentration was reduced significantly in mastitic milk samples. The increased level in sodium 

concentration outside the cell membranes and decreased level in concentration of potassium 

might be as a result of opening of the tight junctions existing between cells and increased 

vascular permeability of blood vessels. The increased sodium and decreased potassium 

concentrations have been estimated by different researchers (Ahmad et al. 2007; Batavani et al. 

2007; Sharma et al. 2011; Haron et al. 2014). The results showed significant decrease in 

concentrations of phosphorus, magnesium, calcium and iron in milk samples of sub-clinically 
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mastitic cows. Similar work has been reported by different researchers (Charjan-ku et al. 2000; 

Coulon et al. 2002; Yildiz and Kaygusuzoglu 2005; Batavani et al. 2007; Hussain et al. 2012). 

Results also indicated the increased levels of calcium and phosphorus in serum samples of 

mastitic cows than normal cows. These findings are supported by previous data (Yildiz and 

Kaygusuzoglu 2005; Batavani et al. 2007). The results indicated non significant decrease in 

concentrations of zinc and copper. However, values of zinc concentration in serum samples 

reduced significantly in contrast to milk samples of mastitic animals (El Zubeir et al. 2005; 

Betavani et al. 2007; Ahmad et al. 2007). The changes in concentrations of various macro and 

micro minerals in milk and serum samples of mastitic cows may be as a result of broken 

secretary epithelium and damaged, milk alveoli which results in the leakage of blood constituents 

directly into the milk during sub-clinical mastitis. 

The different blood serum and milk enzymes concentrations including alkaline 

phosphatase, lactate dehydrogenase and aspartate aminotransferase were elevated significantly in 

mastitis positive cows. The elevated concentrations of these enzymes both in blood serum and in 

milk can be related with the udder tissue damage (Batavani et al. 2007). The changes in 

increased concentrations of these enzymes in milk can be related to the damaged secretary 

epithelial cells and leukocytes in the mammary parenchyma. Previously increased levels in 

concentrations of lactate dehydrogenase in mastitic milk samples (Zaki et al. 2010) while 

decreased concentrations in blood serum (Mohammadian, 2011; Yang et al. 2011; Kalantari et al. 

2013) have been reported in animals during mastitis. Likewise different previous studies showed 

the elevated values of aspartate aminotransferase in milk (Hussain et al. 2012) and non 

significant difference in the activity of aspartate aminotransferase (Matei et al. 2010; Yang et al. 

2011) in mastitic animals. The elevated activity of serum alkaline phosphatase (ALP) is 
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suggestive of mammary infection and plays an important role in pathogenesis of mastitis 

(Vangroenweghe F, 2004). Previously different studies revealed the elevated levels of the 

alkaline phosphatase in mastitic animals (Matei et al. 2010; Yang et al. 2011; Kalantari et al. 

2013). The concentrations of lipid peroxidation products such as nitric oxide and 

malondialdehyde were elevated significantly in milk and blood samples of mastitic cows. This 

increase might be as a result of increased vascular permeability of blood capillaries and because 

of oxidative stress due to free radical cell injury. Similar changes in results have also been 

recorded in cows previously (Yang et al.2011; Hussain et al. 2012).  

The results of our study (statistical analysis) revealed that potassium level had strong 

negative correlation with sodium concentrations that were in accordance with the previous 

reports (Igner et al.1973; Mohamed et al.1999; El Zubeir et al. 2004; El Zubeir et al. 2005; 

Haron et al. 2014) and changes in these minerals could be as a result of bacterial infection of 

mammary gland which damage the epithelial cells of secretory ducts and results into increased 

vascular permeability in the area (Peaker, 1975). The results of the study also showed significant 

correlation (statistical analysis) of alkaline phosphatase with magnesium in subclinical mastitis 

that was similar with the findings of El Deeb and Hassan (1987); El Zubeir et al. (2005). The 

results of significant correlation among the enzymes both in milk and blood serum i.e. aspartate 

aminotransferase, lactate dehydrogenase and alkaline phosphatase were in line with the findings 

of Bogin and Ziv (1973); Fruganti et al. 1986; El Zubeir et al. 2004. The changes in levels might 

be due to the increased activities of enzymes in the blood serum. The results of present study 

revealed significant correlation among the minerals and enzymes in milk and blood of mastitic 

milk. Similar reports are also available (Bogin and Ziv 1973; El Deeb and Hassan 1987; 

Mohamed et al. 1999; El Zubeir et al. 2005). That might be due to damage in udder by 



Discussion  

123 

mastitogens, which usually disrupt the junctional complex of epithelium of secretory ducts that is 

essentially impermeable to minerals transport from milk to the blood (Aslam and Tucker 1998). 

The results also showed a significant positive correlation between lactate dehydrogenase and 

alkaline phosphatase which has been reported previously (El Zubeir et al. 2005; Kalantari et al. 

2013). The results of the study also indicated a significant correlation between alkaline 

phosphatase and zinc in subclinical mastitis that was in accordance with previous research data 

that described alkaline phosphatase and zinc as being were complementary to each other (El 

Zubeir et al. 2005; Chagunda et al. 2006; Hiss et al. 2007; Guha et al. 2012; Kandemir et al. 

2013). The results of our study showed significant correlation among the minerals and enzymes 

milk and blood of normal cows that was contrary to the findings of El Zubeir et al. (2005); Guha 

et al. (2012) who have reported no correlation between them in milk of normal animals (El 

Zubeir et al. 2005; Guha et al. 2012). The results have shown that different minerals were 

correlated to each other. These results regarding the  correlations  were expected as many 

published reports have also indicated the minerals have positive / negative correlation in case of 

udder infections in dairy animals. It is established that in case of infection / oxidative stress the 

synthetic activity of tissues is altered. In this regard variety of minerals / elements being 

produced by the specific tissue / cells is affected. Therefore, there can be a positive or negative 

correlation among various elements as reported (El Zubeir et al. 2005; Batavani et al. 2007). 

Antibiogram patterns 

The results of our study revealed the 70% of Staphylococcus aureus isolates were 

sensitivity to ciprofloxacin which was closely related with findings of Jagadeeswari et al. (2013) 

who reported 75.45% sensitivity. While higher sensitivity was recorded by Harini and Sumathi 

(2011), Hussain et al. (2012) and Patnaik et al. (2014) who had documented 89%, 82.6% and 
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100% respectively. Results also showed resistance of Staphylococcus aureus to ciprofloxacin 

was 30% compared to 13.23% reported by Tyagi et al. (2013). However, lowered sensitivity was 

reported by Khan et al. (2013) and Haque et al. (2013) who had recorded 59.35% and 49.02% 

respectively. The results of the study indicated that Staphylococcus aureus isolates were 

sensitive to tetracycline about 56% that was closely similar with the findings of Mohanty et al. 

(2013); Brinda et al. (2010) who reported 55.88% and 60% respectively.  But higher sensitivity 

than findings of this study of bacterial isolates to tetracycline have been reported by Unakal and 

Kaliwal (2010); Heleili et al. (2012); Hussain et al. (2012); Charaya et al. (2014) and Patnaik et 

al. (2014) of 81.81% , 65.8%, 95.65%, 77.14% and 90.48% respectively. While lowered 

sensitivity of bacterial isolates to tetracycline have also been recorded as 19.6% by Akram et al. 

(2013). Results also showed 37% resistance of Staphylococcus aureus isolates to oxytetracycline 

and similar results have been reported by El-Jakee et al. 2010 and 29.41% by Tyagi et al. (2013). 

This variability in sensitivity and resistance patterns of Staphylococcus aureus isolates to 

oxytetracycline may be due to frequent and indiscriminate use of oxytetracycline in different 

areas of the studies. However, information was not collected on antibiotic use in this study.  

The results of the study showed the sensitivity of Staphylococcus aureus isolates to 

gentamicin was 55%. Contrary to finding of this study much higher sensitivity of the isolates to 

gentamicin have been recorded by Abera et al. (2010) about 91.7%, Akram et al. (2013) about 

80.39%, Mohanty et al. (2013) about 73.52%, Charaya et al. (2014) about 86.42%, Haque et al. 

(2014) about 80% and Patnaik et al. (2014) about 80.95%. However, lower sensitivity of isolates 

than this study have also been reported as 32% by Quinn et al. (2002) and 16% by Brinda et al. 

(2010). That may be due to the reason that not frequently used in treating mastitis cases in study 

area. 
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The results indicated the sensitivity of the Staphylococcus aureus isolates to enrofloxacin 

was 78%. The findings were closely related with the findings of Charaya et al. (2014). However, 

higher sensitivity of the isolates has been reported by researchers of 92.15 % by Akram et al. 

(2013); 88.23% by Mohanty et al. (2013) and 97.37% by Idriss et al. (2014). That may be due to 

the reason that not frequently used in treating mastitis cases in study area. Lower sensitivity of 

the isolates to enrofloxacin has also been reported by Umar et al. (2013) of 43.45 %. 

The results revealed the susceptibility of Staphylococcus aureus isolates to amoxicillin 

were comparable to the previous work of Hussain et al. (2012) who reported susceptibility about 

86.95% and Idriss et al. (2014) reported 78.95%. But lower susceptibility has been reported as 

35.2% by Umar et al. (2013) and 36.1% by Abera et al. (2010). Moreover, Unakal and Kaliwal 

(2010) have reported high resistance of bacterial isolate (81.81%) to amoxicillin. That higher 

reistance may be associated with haphazard use of amoxicillin in treating mastitis cases. 

The Stphylococcus aureus isolates susceptibility to ampicilin was 74% in this studty 

which was comparable with findings of Hussain et al. (2012) and Charaya et al. (2014) who have 

reported 82.60% and 67.85% respectively. But quite lower susceptibility has been reported by 

Umar et al. (2013) as 18.2% and Quinn et al. (2002) as 24%. However, higher resistance has also 

been reported by Tyagi et al. (2013); by Khan et al. (2013) of 92.10%. This higher resistance 

may be attributed to irrational use of ampicillin in bovine mastitis cases without conduction of in 

vitro studies of antimicrobial testing. 

The results of the study showed the higher resistance of the Staphylococcus aureus 

isolates to penicillin (65%) and very low sensitivity (15%). Abera et al. (2010) and Mohanty et 

al. (2013) have reported higher resistance than findings of this study of 94.4% and 82.35% 
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respectively. However the lower sensitivity (29.28%) has been reported by Charaya et al. (2014). 

This higher resistance of Staphylococcus aureus to penicillin may possibly be attributed to 

production of the betalactamase that inactivates the penicillin and its closely related antibacterial 

agents (Abera et al. 2010). Results of the current study indicated susceptibility of the 

Staphylococcus aureus isolates to norfloxacin was 61%. Findings of Akram et al. 2013 

(88.23%); Iqbal et al. (2004); Farooq et al. (2008) have supported the results of this study. The 

reason behind the higher susceptibility may be due to the less frequent and rational use of 

norfloxacin to treat mastitis cases in study areas. The results of the study revealed 100% 

resistance the Staphylococcus aureus isolates to cephradine. Previously, Khan et al. (2013) have 

reported resistance of Staphylococcus aureus  to cephradine of 60%. The higher resistance of the 

S. aureus isolates could be due to the reason of prolonged treatments by same antimicrobial 

agents often noticed the emergence of resistance of bacterial isolates. 

Conclusions: 

 The Staphylococcus aureus was major pathogen involved in causing subclinical mastitis. 

 Coagulase and spa genes were identified in mastitic milk samples collected from cows of 

different cattle herds kept at villages, tobas and public livestock Jugait peer farm. 

 Seven different biotypes of Staphylococcus aureus were confirmed circulating in animals 

in the studied area. These biotypes varied between different samples based on different 

study locationswhere milk samples were collected. 

 Subclinical mastitis was found significantly more frequently in cows with lower teat 

lengths, higher teat apex diameters, in right rear quarters of udder, in cows having cup 

shaped udder, with pointed teat shape, less floor to teat apex distance, with advancement 

in parity (7-9calving), in older cows (more than 12 years) lactation period of more than 
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six months, having more body weight, having abrasions types of lesions on teat and 

udder, dirty rear legs, use of oxytocin, calf suckling, stall fed, close type of housing, 

folded thumb milking, milk leakage and cemented floor type. 

 The milk pH, milk electrical conductivity, malondialdehyde concentration in milk and 

blood, nitric oxide concentration in blood, sodium, total somatic cells count, neutrophils 

% were significantly higher. Milk fat%, lactose%, protein%, concentrations calcium (Ca) 

both in milk and blood serum, zinc in serum, iron (Fe), potassium (K), magnesium (Mg) 

and phosphorus both in milk and serum were significantly lower in mastitic cows.  

 A significant increase in different enzymes including lactate dehydrogenase, aspartate 

aminotransferase and alkaline phosphatase in milk and serum was observed in mastitic 

cows. 

 Minerals and enzymes in milk and serum samples were significantly correlated as in case 

of mastitis the ezymes were significantly increased and some minerals were decreased. 

 The isolates of Staphylococcus aureuswere found highly susceptible to amoxicillin (88%) 

against the isolates of Staphylococcus aureus. While highest resistance was recorded to 

cephradine and penicillin, 100% and 65% respectively. 

Suggestions for further research 

 Establishment of the multiplex Polymerase Chain Reaction for  pathogens identification 

 Local isolates should be sequenced to identify different strains circulating in study area. 

 Host pathogens interactions and breed association with local isolates  
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CHAPTER 6 

SUMMARY 
 

This study was conducted for a period of one year and one month starting from 

November, 2013 to December 2014 in Bahawalpur district. In this study, a total of 1457 

lactating Cholistani cows were tested to determine the molecular epidemiology, 

biochemical changes in milk and blood and antibiogram patterns of Staphylococcus 

aureus as a cause of subclinical mastitis in lactating Cholistani cows. Lactating 

Cholistani cows through cluster sampling were selected in this study from 71 villages and 

27 tobas of Cholistan of study area. One village/toba was taken as a single cluster having 

10 Cholistani cows in lactation. Lactating cows from public livestock Jugait peer farm 

were also examined for subclinical mastitis. Informations about the linked risk factors 

with subclinical mastitis were recorded a standardized on proforma. The results of the 

current study indicated that California Mastitis Test comparatively showed higher 

sensitivity than surf field mastitis test (SFMT) in the detection of subclinical mastitis. 

California mastitis test detected subclinical mastitis in 320 (21.96%) lactating cows while 

SFMT detected subclinical mastitis in 238 (16.3%) cows. The results of the study also 

indicated that 273 (18.5%) of CMT positive milk samples showed growth of 

Staphylococci on 5 % sheep blood agar and Staph 110 agar media through bacteriological 

culture and PCR confirmed a total of 197 (13.5%) isolates as Staphylococcus aureus. The 

results of the study showed an overall prevalence of Staphylococcus aureus of 13.5% 

(95% C.I. = 11.84-15.35) based on molecular identification of Staphylococcus aureus of 

subclinical mastitis in Cholistani cows. Prevalence in different villages, tobas and at 

public livestock farm was 13.5% (95% C.I. = 11.53-15.58), 13.6% (95% C.I. = 10.19-
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17.78) and 14.0% (95% C.I. = 6.33-25.74) respectively. Non significant difference in 

prevalence of mastitis among the lactating cows kept at Public Livestock farm, villages 

and tobas was recorded. An overall quarter based prevalence of 3.50% (95% C.I. = 3.04 - 

4.00) with highest prevalence in right rear quarters 5.03% (95% C.I. = 3.97-6.29) while 

the lowest in left front quarters 2.36% (95% C.I. = 1.67-3.25) was calculated. An overall 

prevalence of blocked quarters due to previous mastitis cases was 2.93% (95% C.I. = 2.5-

3.39) with higher prevalence in right rear quarters 5.91% (95% C.I. = 4.7- 7.2) and the 

lowest in left front quarters 1.31% (95% C.I. = 0.9- 1.9) was estimated. The isolation of 

Staphylococcus aureus from positive milk samples was carried out. Isolates were 

identified through culture characteristics on Staph-110 agar medium (Oxoid) and 5% 

sheep blood agar based on their primary growths, macro and microscopic characteristics 

of bacterial colonies and gram’s stained smears. Staphylococci produced white to yellow 

and golden colonies on Staph-110 agar medium and on 5% sheep blood agar exhibited 

alpha and beta pattern of haemolysis. The isolates also showed positive reaction to 

catalase test and coagulase test. Under microscope Staphylococcus aureus appeared 

rounded in shape and with grapes like appearance. Biotypings of gram positive 

Staphylococci bacteria were carried out by using API 20-STAPH kits (Biomerieux, 

France). A total of 273 recovered isolates on 5% sheep blood agar were subjected to API 

20-STAPH kits for their confirmation and biotypings. Through coagulase test 194 

Staphylococci were identified as positive and 79 were negative. Seven different biotypes 

of Staphylococcus aureus were obtained from mastitic cows. The most frequent biotypes 

recovered were 6734151 and 6737152. The Staphylococcus aureus was confirmed in 197 

(72.2%) from 273 Staphylococcal isolates obtained from 320 CMT positive milk samples 
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initially identified by API 20-STAPH kits. The Coagulase gene was confirmed from 

coagulase test positive (179/194) isolates and also from coagulase test negative (18/79) 

isolates. The Coagulase gene was confirmed in 53/59 (89.8%) and 40/ 47 (85.1%) from 

most frequently recovered biotypes 6734151 and 6737152 respectively. Confirmation of 

Coagulase gene was also done in other biotypes obtained from Cholistani cows at 

different cattle farms/herds. Different PCR products approximately, 390bp, 500bp and 

600 bp for coagulase gene and two different PCR products approximately, 350 bp and 

400bp for spa gene from S. aureus isolates were amplified by using coagulase gene and 

spa gene primers. The statistical analysis revealed that age, parity, udder depths, teat apex 

diameters were significantly higher in mastitic cows as compared to normal cows, while 

teat lengths, milk yield, teat tip to ground distance of mastitic cows was significantly 

lower than normal cows. The statistical results of frequency analysis revealed the 

significant relationship of parity, age, udder depth, lactation stage, teat lesions, live body 

weights, teat and udder shapes between mastitic and non mastitic cows. The results of the 

bivariate frequency analysis indicated that occurrence of sub-clinical mastitis was 

significantly higher in cows with more than 6 months of lactation (23.1%, 95% C.I.= 

19.42 - 27.18) in 3rd parity group of lactation, 22.5% (95% C.I. = 15.70 - 30.61) having 

udder depths of 16-18 cm (17.3%, 95% C.I.= 13.10 - 22.19) older cows, 20.9% (95% 

C.I.= 16.41 - 26.17) with pointed teats shapes (21.1%, 95% C.I=17.41 - 25.36) with live 

body weights more than 370 kg (18.5%, 95% C.I=14.71 - 22.84) with abrasions types of 

teat and udder lesions (26.7%, 95% C.I=18.31 - 36.50) having cup shaped udders (14.8%, 

95% C.I.= 12.4 - 17.31) with folded thumb 26.5% (95% C.I.= 22.88 - 30.38) and leakage 

of milk 25.6% (95%C.I.= 19.43 - 32.60) in cows in which oxytocin was used frequently, 
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18.7% (95% C.I.= 15.44 - 22.33) in cows in which calf suckling, 14.4% (95% C.I.=20.57 

- 25.75) in stall fed (18.4%, 95% C.I.= 15.58 - 21.43) cows kept in close type of housing 

system (16%, 95% C.I.= 13.58 - 18.66) in cows with dirty hind legs (17.7%, 95% C.I.= 

14.87 - 20.81) in cows kept on brick or cemented (B/C) floor type (23.1% 95% C.I.= 

19.06 - 27.46). Bivariate logistic analysis showed a protective effect of decreased udder 

depth, during mid and early stages of lactation, with cylindrical, flat and rounded teat 

shape and bowl and round shaped udder against mastitis. Logistic analysis also revealed 

that age, lactation stage, parity, milk leakage from the teats, teat shape, udder depth, teat 

lesions, teat end to floor distance and milking techniques were significantly associated 

with occurrence of subclinical mastitis. The results of analysis of variance technique 

revealed that the temperature of milk obtained from mastitic and normal cows did not 

show any significant statistical difference. The milk pH, malondialdehyde concentration, 

total dissolved solids and milk electrical conductivity were significantly increased in milk 

samples of mastitic cows as compared to normal cows. The results also showed that 

values of milk fat%, protein%, lactose% and solids not fat % were significantly decreased 

in milk samples of sub-clinically mastitic cows as compared to normal cows. The 

statistical results showed that values of total milk leukocyte counts along with neutrophils 

percentage were significantly higher in milk samples of mastitic cows as compared to 

normal cows. However, monocytes %, macrophages % and lymphocytes % were 

decreased significantly in milk samples of sub-clinically mastitic cows as compared to 

normal cows. The results indicated that the levels of potassium (K), magnesium (Mg), 

calcium (Ca) and phosphorous (P) were significantly decreased in milk samples of sub-

clinically mastitic cows than normal cows while the values of sodium were significantly 
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increased in mastitic cows than normal cows. The results indicated the values of zinc and 

copper were non significantly differed in milk samples of mastitic and normal cows. The 

results revealed that in milk and in serum samples the values for alkaline phosphatase, 

aspartate amino trasnferase and lactate dehydrogenase were significantly increased in 

milk samples of mastitic than normal cows. The results also revealed that values of 

calcium, phosphorous and zinc were significantly decreased in serum samples of mastitic 

cows as compared to normal cows. However, values of lipid peroxidation products such 

as malondialdehyde and nitric oxide concentrations were significantly found higher in 

serum samples of cows with infected udder as compared to non infected udder with 

subclinical mastitis. Correlations of minerals and enzymes of Cholistani cow’s milk with 

subclinical mastitis indicated that sodium showed a significant negative correlation with 

potassium, calcium, magnesium, phosphorus, iron and zinc and significantly positive 

correlation with enzymes such as lactate dehydrogenase, aspartate aminotransferase and 

alkaline phosphatase. Whereas, potassium showed a significant positive correlation with 

calcium, magnesium, phosphorus, iron and zinc while significant negative correlation 

with lactate dehydrogenase, aspartate aminotransferase and alkaline phosphatase. 

Calcium showed significant positive correlation with magnesium, phosphorus, iron and 

zinc and significant negative correlation with lactate dehydrogenase, aspartate 

aminotransferase and alkaline phosphatase. Magnesium showed significant positive 

correlation with phosphorus, iron and zinc while significant negative correlation with 

lactate dehydrogenase, aspartate aminotransferase and alkaline phosphatase. Phosphorus 

showed significant positive correlation with iron and zinc significant negative correlation 

with lactate dehydrogenase, aspartate aminotransferase and alkaline phosphatase. Iron 
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showed significant positive correlation with zinc while significant negative correlation 

with lactate dehydrogenase, aspartate aminotransferase and alkaline phosphatase. Zinc 

showed significant negative correlation with lactate dehydrogenase, aspartate 

aminotransferase and alkaline phosphatase. Lactate dehydrogenase showed significant 

positive correlation with aspartate aminotransferase and alkaline phosphatase. Aspartate 

aminotransferase showed significant positive correlation with alkaline phosphatase. 

Correlations of minerals and enzymes of cow serum with subclinical mastitis indicated 

that calcium showed significant positive correlation with phosphorus and zinc while a 

significant negative correlation with lactate dehydrogenase, alkaline phosphatase and 

aspartate aminotransferase. Phosphorus also showed significant positive correlation with 

zinc and significant negative correlation with lactate dehydrogenase, alkaline phosphatase 

and aspartate aminotransferase. Zinc showed significant negative correlation with lactate 

dehydrogenase, alkaline phosphatase and aspartate aminotransferase. However, lactate 

dehydrogenase showed significant positive correlation with alkaline phosphatase and 

aspartate aminotransferase while alkaline phosphatase showed significant positive 

correlation with aspartate aminotransferase. Correlations of minerals and enzymes of cow 

milk with subclinical mastitis revealed that potassium showed a significant negative 

correlation with calcium while calcium is significantly positive correlation with 

phosphorus. Iron showed significant positive correlation with aspartate aminotransferase. 

Copper showed significant positive correlation with Alkaline Phosphatase. Correlations 

of minerals and enzymes in serum samples of normal cows revealed that zinc showed a 

significant negative correlation with alkaline phosphatase and aspartate aminotransferase, 

however, lactate dehydrogenase and alkaline phosphatase showed significant positive 
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correlation with aspartate aminotransferase. The susceptibility patterns of PCR confirmed 

isolates of Staphylococcus aureus were also determined for different antimicrobial agents 

by the disc diffusion method. The Staphylococcus aureus isolates were highly sensitive to 

amoxicillin (88%), followed by enrofloxacin (78%), ampicillin (74%), ciprofloxacin 

(70%), norfloxacin (61%), oxytetracycline (56%) and gentamicin (55%). However, the 

Staphylococcus aureus isolates were highly resistant to cephradine (100%) and penicillin 

(65%) then followed by oxytetracycline (37%), enrofloxacin (22%), ampicillin (16%), 

amoxicillin (12%) and norfloxacin (10%). This study concluded that Coagulase and spa 

genes were identified as virulent factors along with seven different biotypes in 

Staphylococcus aureus subclinical mastitis based on origin of sample collection areas. 

Many risk factors were identified mainly including teat diameters teat lengths, shapes of 

teat and udder, age, type of lesion, use of oxytocin, calf suckling, stall fed, close type of 

housing, folded thumb milking, milk leakage and cemented floor type. Different 

biochemical parameters, different enzymes and macro and micro minerals were 

statistically different in milk and blood samples of mastitic cows. The Staphylococcus 

aureus isolates were highly sensitive to amoxicillin (88%) but were highly resistant to 

cephradine (100%).
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Appendices  

Appendix I 

List of Villages included in the Study 

Sr. No. Name of Villages Sr. No Name of Villages 

1.  Mauza Bahar Borana  2.  Basti Chawan 

3.  Basti Moosa Wala Khoo  4.  Tibba Miani 

5.  Gul Pur  6.  Sheikh Wahan  

7.  Chak No. 144 DB 8.  Chak No. 145 DB 

9.  Chak No. 146 DB 10.  Qaim Pur 

11.  Mauza Pecca Bara 12.  Mauza NauAbad 

13.  Shahoo Channar 14.  Mauza Pacca  

15.  Bhatti Dhaari 16.  Chak No. 5DNB 

17.  Chak No. 33 DNB 18.  Chak No. 34 DNB 

19.  Chak No. 35 DNB 20.  Chak No. 36 DNB 

21.  Chak No. 17 DNB 22.  Chak No. 18 DNB 

23.  Chak No. 112 DNB 24.  Chak No. 113 DNB 

25.  Chak No. 114 DNB 26.  Chak No. 135 DB 

27.  Chak No. 136 DB 28.  Chak No. 141 DRB 

29.  Chak No. 142 DRB 30.  Habib Missen 

31.  Jindu Missen 32.  Maqbool Abad  

33.  Wahi Gosain 34.  Mehrab di ghoth 

35.  Beega Mal 36.  Kachi wah 



  

xiii 

37.  Sheray Di Basti 38.  Mehdi Shah Di Basti 

39.  Basti Bhatti wali 40.  Lateef abad 

41.  Chanan Peer 42.  Chak No. 94 Alif 

43.  Chak No. 4 DRB 44.  Chak No. 5 DRB 

45.  Chak No. 7 DRB 46.  Chak No. 8 DRB 

47.  Chak No. 19 DRB 48.  Chak No. 21 DRB 

49.  Basti Sangla 50.  Khawaja Basti 

51.  Basti Sial 52.  Basti Utera 

53.  Basti Blauchan 54.  Dera Masti 

55.  Khanqa Sharief 56.  Chak No. 11 BC 

57.  Chak No. 12 BC 58.  Chak No. 18 BC 

59.  Chak No. 23 BC 60.  Nooru Arein 

61.  Basti Lar 62.  Karam Di Ghoth 

63.  Goth Gharan 64.  Nahar Aali 

65.  Kalanch Wala 66.  Qurpaal 

67.  Noor Pur 68.  Chak Loharan 

69.  Hussain di Wahi 70.  Chak No. 66 DB 

71.  Chak No. 65 DB 72.  -- 
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Appendix II 

List of Tobas of Cholistan included in the Study 

Sr. No. Name of Tobas Sr. No. Name of Tobas 

1.  Bhalwata 2.  Akmal Wali 

3.  Bajnote  4.  Murad wali 

5.  Khairu wala  6.  Habib wala 

7.  Dand wali 8.  Raju wala 

9.  Katani Wala 10.  Raib jan 

11.  Keen wali 12.  Qasai wali 

13.  Khokran wali 14.  Nasoo 

15.  Jam sar 16.  Nawan Khoo 

17.  Thatay wala 18.  Dhausu wali 

19.  Mauj garh 20.  Akan wala 

21.  Maelwala 22.  Bhatiwali 

23.  Shaheedan wala 24.  Rati 

25.  Bhannu wala 26.  Rinal  

27.  Lakhay wala 28.  -- 
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Appendix III 

Proforma 

 

 (I) Serial No    (II)  Date of data collection                         

(III) Information regarding owner/farm 

(1)-Name --------------------------- (2) - Number of Animals-------------- 

 (IV) Host-Associated determinants                 Y M 

 

1-Since when the animal is being kept period. 2- Species 

 3- Breed                                                                       4- Age (years) 

 

 

5-General physical conditions  

6- Lactation Number              7- Lactation stage  

 

8-Reproductive disorders 

9- Any other disease problem present  

10- Distance between teat tip and ground (inches) 

11-Quarter(s) reported by the farmer to be affected 

12- Ease of milking   

13- Teat lesions 

 

14-Types of lesions 

 

15-Milk leakage  

 

   
   

   

  

 

Very poor Poor Good Very good 

 

 

 

Present Absent 
 

RR LR RF LF 

Easy Hard 

Present Absent 

Teat 

Laceration 

Skin 

abrasion 

Inflamm. Cord  Heammorage Necrosis Udder 

edema 

Present Absent 
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16-Teat shape 

 

17-Teat length    

 

18-Teat diameter (Apex, Mid, Base) 

 

19-Udder shape and position 

20-Live body weight (Kg) 

 

(V) Management and Housing-Associated Determinants 

 

1-Type of housing  

 

2-Source of drinking water 

 

3-Concentrate used  

 

4-Stimulus for milk letdown 

 

5-Udder washing 

6-Teat dipping                                                7-Gender of milker 

 

8-Number of animals milked by the same milker  

 

9-Type of ‘lubricant’ used to soften the teats at the time of milking 

10-Milking technique 

 

Cylindrical Pointed Round Flat 

RR LR LF RF 

RR LR LF RF 

Bowl Round Cup Pendulous Non pendulous 

 

Open shed Close shed Open area Backyard 

housing 

Pond Ground Canal 

Yes No 

Calf Concentrate Oxytocin 

Yes No 

Yes No 
Male Female 

 

Saliva Milk No 

Whole 

hand 

Folded 

thumb 

Machine Complete Incomplete 
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11-Grazing 

 (VI) Disease Status 

Result of California mastitis test  

Result of Surf Field mastitis test  

Mastitis animals’ disease data 

1- Mastitis episode No. during the current lactation 

2-Position and severity of affected quarters on basis 

of California mastitis test & Surf Field mastitis test 

3-Effect of Mastitis on milk production 

 

4-Effect of Mastitis on milk characteristics 

 (a)Taste       (b) Color              (c) Odour 

 

(d) Appearance of milk  

 

5-Blocked Quarter  

 

 

6- Microbiological examination of milk: 

LF---------------------------------------------------------------------------------------------------- 

LR--------------------------------------------------------------------------------------------------- 

RF--------------------------------------------------------------------------------------------------- 

RR--------------------------------------------------------------------------------------------------- 

 

6-Indigenous medication practiced 

Yes No 

Positive Negative 

Positive Negative 

 

RR LR LF RF 

  

Normal  
Normal Salty Normal  

Normal  

RR LR LF RF 

Yes No 
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Appendix IV 

Table 4.1: Comparative results of CMT and SFMT in diagnosis of subclinical mastitis in   

      Cholistani cows 

Variable No. of cows tested for 

subclinical mastitis 

No. of cows detected 

negative  

No. of cows detected 

positive 

CMT 1457 1137 320 (21.9) 

SFMT 1457 1219 238 (16.4) 

 Numbers in parentheses are percentages. California mastitis test =CMT; Surf field mastitis test= 

SFMT 
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Table 4.2: Comparative in results of CMT, bacterial culture and PCR used to diagnosis the 

subclinical mastitis in cows 

Cows 

examined 

CMT 

positive 

Positive through Bacterial 

culturing 

Confirmation of coa 

gene through PCR 

PCR 

confirmed 

Grow

th on 

Staph 

110 

agar 

Hemolysi

s on 

blood 

agar 

 

Coagulase Test 

results 

Coag

ulase 

test 

positi

ve 

Coagula

se test 

negative 

From 

Coagulase 

positive 

From 

coagulase 

negative 

Both from 

Coa +ve 

and –ve test 

1457 320 

(21.96) 

273 

(18.7) 

273 194 79 179/ 194 18/79 197        

(13.5) 

Numbers in parentheses are percentages. CMT =California Mastitis Test; PCR= Polymerase 

chain reaction; Coa =Coagulase 
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Table 4.3: Prevalence of subclinical mastitis in lactating Cholistani cows at different locations of 

study area 

Herd type Total examined Positive Prevalence% 

Private herds 

Villages 1092 147 13.5 

Tobas 315 43 13.6 

Total 1407 190 13.3 

Public Livestock  farm 

Jugait Peer Farm 50 7 14 

Overall 1457 197 13.5 

 

 

 

 

 

 

 

 



  

xxi 

Table 4.4: Quarter based prevalence of sub-clinical mastitis in lactating Cholistani cows 

Quarters No. Positive Total examined Prevalence% 95% CI 

LR 57 1433 3.97 3.05 - 5.09 

LF 34 1438 2.36 1.67 - 3.25 

RR 69 1371 5.03 3.97 - 6.29 

RF 37 1415 2.61 1.87 - 3.55 

Overall 197 5657 3.50 3.04 - 4.00 

LR (Left Rear), LF (Left Front), RR (Right Rear), RF (Right Front) 

Table 4.5: Prevalence of blocked quarters due to mastitis in Cholistani cows 

Quarters  No. of Blocked quarters Total examined Prevalence % 95% CI 

LR 24 1457 1.65 1.1- 2.40 

LF 19 1457 1.31 0.9- 1.9 

RR 86 1457 5.91 4.7- 7.2 

RF 42 1457 2.88 2.1- 3.8 

Total 171 5828 2.93 2.5-3.39 

LR (Left Rear), LF (Left Front), RR (Right Rear), RF (Right Front) 
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Table 4.6: Numerical profile of Staphylococcus aureus isolated from mastitis positive milk   

samples of Cholistani cows  

Sr. No. Biotypes No. Percentage 

1 6734153 43 15.7 

2 6736153 29 11.9 

3 6734151 59 21.6 

4 6732153 23 9.4 

5 6734051 41 15.0 

6 6734052 31 11.3 

7 6737152 47 17.2 
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Table 4.7: Biochemical characteristics of Staphylococcus aureus confirmed by API 20- STAPH 

 Kit in Cholistani cows 

No Isolates API 

code 

O G

L

U 

F

R

U 

M

N

E 

M

A

L 

L

A

C 

T

R

E 

M

A

N 

X

L

T 

M

E

L 

N

I

T 

P

A

L 

V

P 

R

A

F 

X

Y 

L 

S

A

C 

M

D

G 

N

A

G 

A

D

H 

U

R

E 

1 43 6734153 - + + + + + + + - - - + + - - + - + + + 

2 29 6736113 - + + + + + + + - - + + + - - + - - + + 

3 47 6737152 - + + + + + + + - + + + + - - + - + - + 

4 23 6732153 - + + + + + + + - - + - + - - + - + + + 

5 41 6734051 - + + + + + + + - - - + - - - + - + + - 

6 31 6734052 - + + + + + + + - - - + - - - + - + - + 

7 59 6734151 - + + + + + + + - - - + + - - + - + + - 

O (Control), GLU (D-Glucose), FRU (D-Fructose), MNE (D- Mannose), MAL (Maltose), LAC 

(Lactose), TRE (D-Trehalose), MAN (D-Mannitol), XLT (Xylitol), MEL (Melibiose), NIT 

(Nitrate Reduction), PAL (Alkaline phosphatase), VP (Voges-Proskauer), RAF (Raffinose), 

XYL (D-Xylose), SAC (Sucrose/Saccharose), MDG (α-Methyl-D-Glucoside), NAG (N-Acetyl-

Glucosamine), ADH (Arginine Dihydrolase), URE (UREe) 
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Table 4.8: Frequency of Coagulase gene on the basis of biotypes recovered from Cholistani cows 

Sr. No Biotypes Total 

samples 

Coagulase Test Coagulase gene 

Positive  Negative  Present  Absent  

1 6734153 43 27 (62.7) 16 (37.2) 24 (55.9) 19 (44.1) 

2 6736153 29 17(58.6) 12 (41.3) 17 (58.7) 12 (41.3) 

3 6734151 59 51(86.4) 8(13.6) 53(89.9) 6 (10.1) 

4 6732153 23 14(60.8) 9(39.1) 13 (56.5) 10 (43.5) 

5 6734051 41 27 (65.9) 14(34.1) 26 (63.4) 15 (36.6) 

6 6734052 31 21(67.7) 10(32.2) 24 (77.5) 7 (22.5) 

7 6737152 47 37(78.7) 10(21.3) 40 (85.1) 7 (14.9) 

Numbers in parentheses indicate percentage. 
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Table 4.9: PCR based distribution of coagulase and spa genes at different areas of study 

Genes/PCR 

product (bp)  

No (%)  

 

Villages Tobas  LES, Jugit Peer Farm  

Coagulase (n=197) 

600 54 (27.4) 27 24 3 

500 117 (59.4) 99 13 5 

390 26 (13.2) 19 6 1 

Spa gene (n=183) 

400 112 (61.2) 89 18 5 

350 71 (38.8) 50 19 2 
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Table 4.10: Comparisons (Mean±SE) of various physical parameters by analysis of variance   

techniques between mastitic and non mastitic cows 

Parameters Non mastitic Mastitic P-Value 

Age (Years) 6.75±0.11 8.97±0.25 <0.051 

Parity  3.02±0.07 3.81±0.19 <0.0001 

Tail size (cm) 99.01 ±0.15 98.99±0.30 >0.791 

Milk yield (L) 9.49±0.06 7.77±0.09 <0.0001 

Teat to floor distance  (cm) 44.17±0.07 33.55±0.17 <0.0001 

Udder depth  (cm) 11.80±0.04 15.38±0.07 <0.0001 

Live body weight (Kg) 338.25±1.24 342.04±2.27 >0.15 

Teat Length (cm) 

Left Rear 5.53±0.03 4.56±0.02 <0.0001 

Right Rear 5.44±0.02 4.56±0.02 <0.0001 

Left Front 6.24±0.03 4.93±0.04 <0.0001 

Right Front 6.21±0.03 4.89±0.03 <0.0001 

Teat Apex Diameter (cm) 

Left Rear 0.67±0.003 0.82±0.007 <0.0001 

Right Rear 0.68±0.003 0.82±0.003 <0.0001 

Left Front 0.68±0.003 0.83±0.006 <0.0001 

Right Front 0.68±0.003 0.83±0.007 <0.0001 

Mid Teat Diameter (cm) 

Left Rear 2.32±0.05 2.31±0.02 >0.874 
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Right Rear 2.30±0.05 2.30±0.02 >0.927 

Left Front 2.35±0.02 2.32±0.05 >0.665 

Right Front 2.31±0.02 2.30±0.05 >0.997 

Teat Base Diameter (cm) 

Left Rear 3.18±0.05 3.15±0.03 >0.382 

Right Rear 3.12±0.02 3.11±0.03 >0.868 

Left Front 3.20±0.05 3.19±0.03 >0.678 

Right Front 3.14±0.02 3.16±0.03 >0.578 
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Table 4.11:  Bivariate frequency analysis of different variables in mastitic and non mastitic cows 

Parameters 

Positive 

(Mastitic) 

Negative 

(non 

mastitic) 

95% CI 

Mantel Hanzel 

Chi-sq P value 

n % 

Stage of Lactation (Months) 

>0.9-3 49 11.4 379 8.69 - 14.73  

0.0001 >3-6 43 7.5 532 5.53 - 9.85 

>6 105 23.1 349 19.42 - 27.18 

Udder depth(cm) 

10-12  18 8.5 195 5.25 - 12.78  

0.001 13-15 133 13.6 845 5.86-11.56   

16-18 46 17.3 220 13.10 - 22.19 

Parity  

1-3 122 12.8 834 10.76 - 14.99  

0.008 4-6 42 12.0 307 8.93 - 15.77 

7-9 27 22.5 93 15.70 - 30.61 

>10 6 18.8 26 7.97 - 34.98 
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Age (years) 

3-6 81 10.7 674 8.67 - 13.09  

0.001 6.1-9 28 14.3 168 9.90 - 19.72 

9.1-12 32 13.3 207 9.50 - 18.16 

>12 56 20.9 211 16.41 - 26.17 

Teat shape  

Cylindrical 54 9.09 540 6.97 - 11.61  

0.053 Pointed 86 21.1 320 17.41 - 25.36 

Flat 23 10.3 200 6.81 - 14.84 

Round 34 14.5 200 10.44 - 19.49 

Body weight (Kg) 

>220 3 13.6 19 3.59 - 32.78  

0.002 

 

>270 72 11.9 534 9.48 - 14.64 

>320 57 11.9 421 9.24 - 15.07 

>370 65 18.5 286 14.71 - 22.84 

Teat lesions 



  

xxx 

None 

  

115 10.8 946 9.07 - 12.82  

0.001 Laceration 35 22.9 118 16.74 - 30.03 

Abrasion 24 26.7 66 18.31 - 36.50 

Inflammation 1 3.6 27 0.18 - 16.38 

Cord formation 3 23.1 10 6.23 - 50.86 

Hemorrhages 12 16.7 60 9.36 - 26.61 

Necrosis 7 17.5 33 7.99 - 31.58 

Udder shape 

Cup 122 14.8 704 12.4 - 17.31  

0.052 Bowl 42 11.7 316 8.70 - 15.38 

Round 33 12.0 240 8.61 - 16.37 
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   Table 4.12:  Bivariate frequency analysis of different management risk factors in mastitic and     

non mastitic cows 

Parameters 

Positive 

(mastitic) 

Negative 

(non 

mastitic) 

95% CI 

OR/ reciprocal 

N % 

Dirty legs 

Yes 112 17.7 521 14.87 - 20.81 1.87/ 0.54 

No 85 10.3 739 8.37 - 12.53 

Oxytocin use 

Yes 92 18.7 400 15.44 - 22.33 1.88  / 0.53 

No 105 10.9 860 9.03 - 12.96 

Calf feeding 

Yes 149 14.4 879 20.57 - 25.75 1.35  / 0.74 

No 48 11.1 381 15.87 - 23.26 

Feeding system 

Stall/graz 73 9.30 709 7.44 - 11.53 0.46  / 2.19 

Stall 124 18.4 551 15.58 - 21.43 
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Housing 

Close  128 16.0 672 13.58 - 18.66 1.62 / 0.62 

Semi open 69 10.5 588 8.33 - 13.02 

Milk Tech  

Whole hand 56 6.1 869 4.65 - 7.73 0.18  /5.60 

Folded Thumb 141 26.5 391 22.88 - 30.38 

Milk Leakage       

Yes 43 25.6 125 19.43 - 32.60 2.54 / 0.39 

No 154 11.9 1135 10.19 - 13.72  

Floor top 

Brick or cemented 89 23.1 297 19.06 - 27.46 

2.67/ 0.37 

Clay/Kacha/Sandy 108 10.1 963 8.39 - 12.00 
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   Table 4.13: Results of bivariate logistic regression analysis 

Variables Category Odd 

Ratio 

95% CI P-

value Lower Upper 

Age group   3 to 6 yr (ref.) - - - 

0.05 

6.1 to 9 yr 3.52 1.34 9.24 

0.05 

9.1 to 12 yr 4.73 1.94 11.56 

0.00 

>12 yr 1.30 0.65 2.61 

0.46 

Parity  1 to3 (ref.) - - - 

0.05 

4 to 6 2.51 1.03 6.10 

0.04 

7 to 9 7.37 2.32 23.39 

0.00 

>10 3.23 0.77 13.63 

0.11 

Lactation stage  >0.9 to 3 month (ref.) - - - 

0.00 

>3 to 6 month 1.29 0.84 1.98 

0.24 

>6 month 3.08 2.07 4.57 

0.00 

Teat shape Cylindrical (ref.) - - - 

0.05 

Pointed 2.01 1.33 3.03 

0.00 

Flat 1.17 0.70 1.96 

0.56 

Round 1.81 1.08 3.04 

0.02 

Udder depth  10 to 12 cm (ref.) - - - 

0.00 

13 to 15 cm 3.22 1.79 5.80 

0.00 

16 to 18 cm 3.05 1.57 5.91 0.00 
 

Teat lesions None (ref.) - - - 

0.00 
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    ref. (Referent group) 

 

 

 

 

Laceration 0.32 0.18 0.58 

0.00 

Abrasion 0.91 0.45 1.84 

0.80 

Inflammation 0.28 0.05 1.54 

0.14 

Cord formation 2.04 0.47 8.85 

0.34 

Hemorrhages 0.77 0.31 1.88 

0.56 

Necrosis 0.39 0.12 1.29 

0.12 

Teat end to floor 

distance 

>45 cm (ref.) - - - 

0.00 

41-45 cm 5.59 2.55 12.28 

0.00 

36-40 cm 23.21 11.18 48.21 

0.00 

31-35 cm 6.96 3.43 14.13 

0.00 

 Yes (ref.) - - - 

 

Milk leakage form 

teats 

No 2.20 1.40 3.47 

0.00 

 Whole hand (ref.) - - - 

0.00 

Milking technique Folded Thumb 5.89 4.18 8.30 

0.00 

 Clay/Kacha/Sandy (ref.) - - - 

0.00 

Floor types Brick or cemented 2.99 2.11 4.25 

0.00 
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Table 4.14: Analysis of various milk parameters (Mean±SE) of mastitic and non mastitic cows 

Parameters Non mastitic Mastitic P- value 

Milk Temperature (°C) 37.29±0.05 37.61±0.04 >0.12 

Milk PH 6.74±0.05 7.04±0.02 <0.001 

Milk Electrical Conductivity (mS/cm) 4.71±0.05 5.77±0.06 <0.001 

FAT % 4.85±0.03 3.45±0.04 <0.001 

Protein % 3.29±0.03 2.85±0.03 <0.001 

Lactose % 4.25±0.03 3.68±0.04 <0.001 

Solid non fat (SNF) % 10.77±0.15 8.28±0.08 <0.001 

Total dissolved solids (TDS) mg/L 1405.3±12.03 1774.9±20.84 <0.001 

Malondialdehyde (nmol/ml) 6.71±0.06 8.93±0.06 <0.001 
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Table 4.15: Total milk somatic cell count and differential scores of mastitic and non mastitic 

cows 

Parameters Non mastitic Mastitic P-value 

Total somatic cell count (x105/ml) 2.17±0.05 42.04±3.73 <0.001 

Neutrophils (%) 18.61±0.42 47.75±1.78 <0.001 

Macrophages (%) 46.35±0.38 24.17±0.67 <0.001 

Monocytes (%) 13.64±0.24 6.14±0.14 <0.001 

Lymphocytes (%) 21.27±0.55 13.89±0.21 <0.001 
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Table 4.16: Changes (Mean ± SE) in various minerals in milk samples of mastitic and non 

mastitic cows 

Parameters Non mastitic Mastitic P-value 

Sodium (mg/dl) 50.67±0.43 81.27±1.27 <0.001 

Potassium (mg/dl) 181.82±0.71 155.94±1.47 <0.001 

Calcium (mg/dl) 118.59±0.52 101.6±0.92 <0.001 

Magnesium (mg/dl) 9.84±0.15 8.39±0.05 <0.001 

Phosphorus (mg/dl) 34.72±0.21 24.79±0.44 <0.001 

Iron (mg/dl) 0.07±0.0004 0.06±0.0006 <0.001 

Zinc (mg/dl) 0.05±0.0005 0.04±0.0003 >0.05 

Copper (mg/dl) 0.05±0.0004 0.05±0.0002 >0.116 
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Table 4.17: Changes (Mean±SE) in levels of enzymes (IU/L) in milk samples of mastitic and non 

mastitic cows 

Parameters Non mastitic Mastitic P-value 

Alkaline phosphatase (IU/L) 60.79±0.25 94.14±2.09 <0.001 

Aspartate amino transferase (IU/L) 150.16±1.34 179.26±1.78 <0.001 

Lactate dehydrogenase (IU/L) 167.86±1.51 514.81±27.29 <0.001 

 

Table 4.18: Changes (Mean±SE) in various enzymes (IU/L) in serum samples of mastitic and 

non mastitic cows 

Parameters Non mastitic Mastitic P-value 

Alakaline phosphatase (IU/L) 49.71±0.50 74.87±0.96 <0.001 

Aspartate amino transferase (IU/L) 111.14±1.01 139.65±0.88 <0.001 

Lactate dehydrogenase (IU/L) 376.40±2.66 571.48±6.68 <0.001 
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Table 4.19: Changes (Mean±SE) in the levels of Calcium, Phosphorous, Zinc, Malondialdehyde 

(MDA) and Nitric Oxide (NO) concentrations in serum samples of mastitic and non 

mastitic cows 

Parameters Non mastitic Mastitic P-value 

Calcium (mg/dl) 7.95±0.05 6.25±0.03 <0.001 

Phosphorous(mg/dl) 4.88±0.05 3.87±0.04 <0.001 

Zinc (mg/dl) 1.06±0.05 0.899±0.05 <0.001 

MDA (nmol/ml) 1.61±0.05 2.51±0.03 <0.001 

NO (µmol/L) 29.75±0.26 47.46±1.28 <0.001 

MDA=Malondialdehyde, NO= Nitric Oxide 
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Table 4.20: Correlations between minerals and enzymes in milk samples of cows with 

subclinical mastitis 

Correlation Na K Ca Mg P Fe Zn Cu LDH AST ALP 

Na - 

-

.960** -.944** 

-

.773** -.919** 

-

.877** 

-

.516** 

-

.086 .909** .927** .979** 

K - - .956** .774** .941** .870** .504** .141 

-

.931** -.912** 

-

.970** 

Ca - - - .740** .929** .838** .498** .225 

-

.918** -.877** 

-

.955** 

Mg - - - - .809** .782** .344** .121 

-

.793** -.710** 

-

.763** 

P - - - - - .858** .498** .124 

-

.927** -.877** 

-

.930** 

Fe - - - - - - .508** .091 

-

.843** -.851** 

-

.883** 

Zn - - - - - - - .129 

-

.536** -.482** 

-

.527** 

Cu - - - - - - - - -.213 .018 -.084 

LDH - - - - - - - - - .842** .912** 

AST - - - - - - - - - - .933** 

ALP - - - - - - - - - - - 
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Na (sodium); K (potassium); Ca (calcium); Mg (magnesium); P (phosphorus); Fe (iron); Zn (zinc); 

Cu (copper); LDH (lactate dehydrogenase); AST (aspartate aminotransferase); ALP (alkaline 

phosphatase)  

**. Correlation is significant at the 0.05 level (2-tailed). 

Table 4.21: Correlation between minerals and enzymes in blood serum of Cholistani cows with 

subclinical mastitis 

Correlation Ca P Zn LDH ALP AST 

Ca - .826** .887** -.850** -.903** -.915** 

P - - .847** -.951** -.813** -.914** 

Zn - - - -.880** -.941** -.920** 

LDH - - - - .851** .934** 

ALP - - - - - .922** 

AST - - - - - - 

 

Ca (calcium); P (phosphorus); Zn (zinc); LDH (lactate dehydrogenase); AST (aspartate 

aminotransferase); ALP (alkaline phosphatase) 

**. Correlation is significant at 0.05 level (2-tailed). 
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Table 4.22: Correlations between minerals and enzymes of milk samples of non mastitic cows 

Correlation Na K Ca Mg P Fe Zn Cu LDH AST ALP 

Na - -.115 -.097 .047 .047 .212 -.085 .300 -.030 .146 -.266 

K - - -.489* -.304 .237 -.070 -.228 .039 -.284 -.120 .110 

Ca - - - .084 .464* -.079 -.040 .012 .362 .346 -.078 

Mg - - - - -.142 -.006 -.426 -.391 .375 .289 -.219 

P - - - - - .061 -.131 .067 .133 .419 -.294 

Fe - - - - - - -.006 .145 .034 .500* -.183 

Zn - - - - - - - .114 -.166 -.272 .046 

Cu - - - - - - - - -.209 .174 .469* 

LDH - - - - - - - - - -.055 -.194 

AST - - - - - - - - - - -.002 

ALP - - - - - - - - - - - 

Na (sodium); K (potassium); Ca (calcium); Mg (magnesium); P (phosphorus); Fe (iron); Zn 

(zinc); Cu (copper); LDH (lactate dehydrogenase); AST (aspartate aminotransferase); ALP 

(alkaline phosphatase) 

*. Correlation is significant at 0.05 level (2-tailed). 
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Table 4.23: Correlations between minerals and enzymes in blood serum samples of non mastitic 

cows 

Correlation Ca P Zn LDH ALP AST 

Ca - -.010 -.082 -.184 -.026 .173 

P - - .414 -.067 -.113 -.254 

Zn - - - -.173 -.469* -.529* 

LDH - - - - .425 .514* 

ALP - - - - - .477* 

AST - - - - - - 

 

Ca (Calcium); P (phosphorus); Zn (zinc); LDH (lactate dehydrogenase); AST (aspartate 

aminotransferase); ALP (alkaline phosphatase) 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 4.24: Antibiogram patterns of PCR confirmed Staphylococcus aureus isolates 

No. Antimicrobial agents 

µg/disc 

or 

Unit/disc 

Zone 

Diameter 

(mm) 

Standard values / 

Cut off values 

Percent (%) 

S I R S I R 

1 Amoxicillin (AML 10) 10 28-33 ≥30      ≤28 88 0 12 

2 Ampicillin (AMP 10) 10 22-25 ≥24 23 ≤22 74 10 16 

3 Norfloxacin (NOR 10) 10 18-25 ≥20 19 ≤18 61 29 10 

4 Enrofloxacin (ENR 5) 5 12-26 ≥18 15-17 ≤12 78 0 22 

5 Oxytetracycline (OT 30) 30 20-29 ≥22 21 ≤20 56 7 37 

6 Gentamicin (CN 10) 10 14-20 ≥15 13-14 ≤12 55 45 0 

7 Ciprofloxacin (CIP 5) 5 12-26 ≥16 13-15 ≤12 70 30 0 

8 Penicillin (P 10) 10 12-30 ≥29  ≤28 15 20 65 

9 Cephradine (CR10) 10 8-11 ≥18  ≤15 0 0 100 

Sensitive (S); Intermediate (I); Resistant (R) 

 

 

 


