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ABSTRACT 

Bovine respiratory disease (BRO) is one of the most significant health problems in the 

livestock sector worldwide, resulting in significant economic losses for the livestock 

industry. Several studies have addressed BRO prevalence in cattle worldwide, 

including South Africa. Nevertheless, the common pathogenic causes of BRO in the 

Mahikeng local municipality cattle (North West Province) is unknown. The aim of this 

study was to determine the common pathogens involved in BRO in Mahikeng local 

municipality. Following their identification, the bacterial pathogens were evaluated to 

suggest suitable antibiotic treatment. Two hundred (blood and nasal discharge) 

samples were collected from cattle showing signs of respiratory distress in different 

communal areas. Serum samples were tested for antibodies to Infectious Bovine 

Rhinotracheitis (IBR) , Bovine Viral Diarrhoea Virus(BVDV), and Bovine Parainfluenza 

Virus type 3(Pl3V) using ELISA. Conventional Polymerase Chain Reaction (PCR) was 

used to identify the bacteria and the endpoint of PCR assay was sent for sequencing 

analysis. Following identification, 6-disc diffusion containing different antimicrobials 

were used to evaluate isolates antimicrobial susceptibility. According to ELISA results , 

71 .8% of samples were positive to Bovine Parainfluenza Virus type 3 followed by 

Infectious Bovine Rhinotracheitis (68.2%) and Bovine Viral Diarrhoea Virus (60%). 

Sequence analysis of the isolates in this study were closely related to NCBI-BLAST 

isolates; Escherichia coli, Shigel/a dysenteriae, Escherichia coli 0145, Listeria 

welshimeri, Neisseria spp., Enterococcus casseliflavus, Enterobacter cancerogenus, 

Corynebacterium cal/unae, Clostridium pasteurianum and Kosakonia cowanii. There 

were high levels of resistance against Gentamicin (96.8%), Chloramphenicol (93.7%), 

and Penicillin G (88.2%) whereas 87.3% of isolates showed resistance to Norfloxacin. 

In addition, E. coli were at least susceptible to all the antimicrobial tested . Chi-Square 

test results showed that there was statistically significant (p-value < 0.05) association 

between the antimicrobials and antimicrobial resistance. The findings of this study 

demonstrate that BVDV, IBR, and Pl3V are common viruses causing BRO in 

Mahikeng local municipality and control measures to prevent economic losses to the 

cattle industry are important. 

Keywords: Bovine Respiratory Disease, ELISA, PCR, IBR, BVDV, PIV-3, pathogenic 

bacteria, antimicrobial susceptibility, Mahikeng local municipality. 
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CHAPTER 1 

INTRODUCTION AND PROBLEM STATEMENT 

1.1 BACKGROUND 

Respiratory syndrome in cattle is of major concern to farmers as it occurs in intensive 

livestock farming . This disease is a key object behind heavy losses within the bovine 

trade. Economic losses result from animal deaths, high prices of treatment, and 

subsequently lead to reduced profits (Smith , 2000) . 

Viruses, bacteria and stress are the main cause of the Bovine Respiratory Disease 

(BRO) . Viruses are the primary pathogens for infection, while bacteria act as the 

secondary invaders, thereby aggravating the conditions of sick animals (Sackett et al., 

2006). The most important viral agents responsible for respiratory disease in animals 

are: Bovine Viral Diarrhoea Virus (BVDV), Bovine Parainfluienza-3 (BPl3V) , Bovine 

Respiratory Syncytial Virus (BRSV), and Infectious Bovine Rhinotracheitis (IBR) , 

whereas on the other hand the bacteria concerned include; Histophi/us somni (H. 

somm) , Mannheimia haemolytica (M. haemolytica) , Mycoplasma bovis (M. bovis), and 

Pasteurella multocida (P. multocida) . 

Mannheimia haemolytica is the main bacterial pathogen of BRO; it produces a potent 

leukotoxin that is the principal virulence determinant (Highlander et al., 2000). Bovines 

infected with BRO virus pathogens, become extremely at risk of M. haemolytica 

challenge (Hodgson et al., 2005). In the absence of viral infection, respiratory disorder 

is caused by a larger variety of M. haemolytica cells (McClenahan et al., 2008). Calves 

are the most affected since several of the disease-causing pathogens are found in 

them, and adult animals are typically immune to this disease (Radostitis et al., 2000). 

Bovine Respiratory Disease is the costliest feedlot disease within the world . About 

42.8% of all animals' slaughter in South African had respiratory organ lesions, 

however, 69.5% had never been treated for BRO (Thompson et al. , 2006) . Outbreaks 

of BRO has been reported from several countries on the globe (Van der Poel et al. , 

1993). The disease is typically characterised by the following symptoms: depression, 
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drooped head and ears, lack of appetite, while the animal suffers increased nasal 

discharge that changes consistency from skinny to clear, thick yellow and viscous 

(Baker, 1995). The temperature of the body can rise to 41 .5 °C with breathing that is 

often quick and laborious. Within the disease, cough may be observed early; but as 

lung damage increases, the animal becomes terribly in pain while coughing and 

breathing. Regardless of the infectious agents involved , the clinical signs appear 

similar (Taylor et al., 2010). 

Antibiotics are effective in controlling BRO morbidity. Animal disease management is 

in real danger due to increased antibiotics resistance (Hao et al., 2014; Amat, 2019) . 

In developing countries , rural areas are characterised by widespread indiscriminate 

use of antibiotics where 'third - generation' antibiotics do not appear to be readily 

accessible or reasonable, making them the most affected (Adesokan et al., 2013) . 

Laboratory tests such as fluorescence antibodies, serological test, molecular tests, 

and immunohistochemistry are required to make certain diagnosis. These approaches 

are regarded as the new gold standard for the specification of the pathogen. Therefore , 

there is a necessity to identify and characterize the common causative agents of BRO 

in Mahikeng local Municipality with the aim to compare them to those previously 

published to implement proper treatments. 

1.2 PROBLEM STATEMENT 

Bovine respiratory disease is an infection involving a variety of pneumonic diseases, 

ranging from acute life threatening respiratory disease to severe or prolonged 

uncontrollable respiratory problems (Booker et al., 2008). Most of the animal 

production losses, morbidity, and mortality are due to BRO infection, significantly in 

beef cattle production (Prado et al., 2005; Wilson et al., 2017). The disease is usually 

associated with young animals such as calves, heifers or steers (Ames, 1997; Hartel 

et al. , 2004 ). It is progressively challenging to conclude on the particular role played 

by the various pathogens concerned in an individual existence of the disease, as most 

typically reported agents include BVOV, BRSV, BoHV-1 , BPl3V, P. multocida, H. 

somni, M. bovis and M. haemolytica (Klima et al., 2014). 

Vaccination has shown inconsistent effectiveness against bacteria such as P. 

multocida, H. somni, and M. haemolytica in bovine feedlot infection (Larson and Step, 

2012) . Antimicrobials are usually the key practice used all over the world to treat 
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animals with BRO and to prevent dissemination of bacteria among a herd. Intensive 

therapeutic use of antimicrobials may increase not only resistance in pathogenic 

bacteria but also could present a high risk of transfer of the resistance from animals to 

humans via contaminated food (McEwen and Fedorka-Cray, 2002) . Many reports 

have documented the presence, for instance, of vancomycin-resistant enterococci and 

Methicillin-resistant Staphylococcus aureus (Jevons, 1961 ; Bates, 1997). This does 

not only provide therapeutic challenges for clinicians, but also to human health. 

Few studies exist on bovine respiratory diseases; however, there is limited data 

available for Mahikeng local Municipality. Furthermore, data relating to the most 

common pathogens of BRO is limited. Additionally, an overall profile of the 

antimicrobial sensitivity of the pathogens causing BRO is unknown. With the objectives 

of furnishing this information, a study on the microorganisms and serum parameters 

of animals with BRO is a useful tool for assessing animal health that may facilitate 

further understanding of the pathogenesis of the disease locally. 

1.3 JUSTIFICATION 

Bovine respiratory diseases are of great economic importance for livestock production. 

Among cattle diseases, BROs are the most common cause of death that leads to 

financial losses in cattle herds in the livestock industry in the United States and Europe 

(Ackermann et al. , 2010) . However, BROs are a major calf welfare issue (Hartel et al. , 

2004). 

It is estimated that in the UK cattle industry, BROs affect 1.9 million cattle every year 

(Nicholas, 2011) with an estimated cost of around £ 60 million per year. In the United 

States, annual cattle losses are estimated at$ 1 billion (Jones and Chowdhury, 2007) . 

In all South African feedlots , the approximate throughput of cattle is 1.35 million 

animals per year (Stone, 2004). An estimated annual loss approaching $2.42 million 

was recorded to the feedlot industry (Thompson et al., 2006). In addition, the 2018 

report obtained from the Animal Health Clinic and Outreach Programs (Mahikeng) 

show that in most of the cases, BRO was suspected in cattle showing the respiratory 

signs (Unpublished) . 

BROs have been frequently associated with infection by Bovine Respiratory Syncytial 

Virus (BRSV) and the bacteria Mycoplasma bovis. However, other incriminated 

viruses include Bovine Herpesvirus type 1 (BHV-1 ), Bovine Parainfluenza 3 (BPIV-3) 
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and Bovine Viral Diarrhoea Virus (BVDV). Bacterial agents like P. multocida, M. 

haemolytica, and H. somni have been isolated, in conjunction with the above

mentioned viruses that cause the primary infection. The major drivers of the disease 

are environmental stressors (Ellis, 2001 ). BRO risk is greatest during or shortly after 

cattle transportation. BRO is more susceptible to cattle exposed to high air 

concentrations, limited housing surface per individual and low bedding qual ity. The 

other risks conditions for BRO includes; over population of cattle in large herds and 

the failure of farmers to supervise birth and colostrum feeding (Callan and Garry, 

2002). 

One of the most important issues facing disease management is the correct 

identification of the causative agents . Improper identification of the pathogens causing 

infection may lead to an inappropriate treatment. However, concern is also increasing 

over the potential misuse of antibiotics in animals leading to the development of 

antibiotic resistance of the microorganisms (McAllister, 2010) 

Determining the pathogen and effective antimicrobial profile of BRO is important for 

both prevention of respiratory disease in the herds as well as planning of biosecurity 

measures and good management practices, in order to limit the spread of the disease 

between and with in herds of cattle. There are few reports in South Africa on cattle 

respiratory diseases. Furthermore, limited field studies on cattle respiratory diseases 

in the local municipality of Mahikeng are in publications therefore necessitating this 

research . 

1.4 RESEARCH AIM 

The purpose of th is study was to identify the causative agents of BRO, and determine 

the antimicrobial susceptibil ity of the bacterial pathogens in order to implement 

adequate animal health care management. 
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1.5 SPECIFIC OBJECTIVES 

The objectives of this study are to: 

• To assess the occurrence of BRO viruses in cattle showing respiratory 

symptoms. 

• To investigate the common bacteria involved in BRO in relation to clinical signs 

of cattle raised in Mahikeng local municipality. 

• To determine the antimicrobial sensitivity profiles of the bacterial isolates. 

1.6 RESEARCH QUESTIONS 

The following are the emerging research questions: 

• Which organisms are the most common pathogens (bacteria or viruses) of BRO 

in Mahikeng local municipality? 

• Which antibiotics is the most effective antimicrobials in the treatment of BRO? 

1. 7 HYPOTHESIS 

Based on the previous studies conducted on BRO in South Africa, there is a possibility 

that pathogenic bacteria are not responsible for most of the BRO cases circulating in 

Mahikeng local municipality. 
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2.1 INTRODUCTION 

CHAPTER 2 

LITERATURE REVIEW 

Bovine Respiratory Disease complex (BRDC) is one among the most critical diseases 

affecting the health of dairy farm calves. It is a complex illness caused by multiple 

variations of pathogens and is typically present in all ages of cattle, particularly young 

stocks, as respiratory disorder or higher metabolism infections. BRD's aetiologies are 

complex, and the risk factors are complicated and interconnected (Callan and Garry, 

2002; Snowder, 2009; Murray et al., 2016), making diagnosis difficult, thus leading to 

inconsistent treatment. Many completely different bacterial and viral pathogens 

contribute to BRO incidence. 

Respiratory issues are a significant concern for all stages of livestock production. All 

kinds and ages of bovine are at risk of metabolism issues, and respiratory disease is 

the most important reason behind animal morbidity and mortality in production. 

Infections of the respiratory viruses are key elements predisposing cattle to this illness. 

However, the clinical appearance can progress with several combinations of bacteria 

and viruses, thus no specific infectious agents are necessary causes of BRO (Confer, 

2009; Ellis, 2009) . The relative importance of specific pathogens in a very specific 

population is likely to depend on the virulence of pathogen transmission, the 

associated degree of herd immunity, the prevalence of bovine immunity within the 

population and the dynamic nature of the disease (Panciera and Confer, 2010) . 

Multiple factors such as feedlot surroundings (e.g. , temperatures, climate, and 

stocking density) , viruses' co-infection together with the stress caused by 

transportation of bovine may contribute to the development of BRO (Snowder et al., 

2006; Schneider et al., 2009). 

Bovine respiratory illnesses are among the foremost economically important diseases 

of cows on a worldwide scale (Griffin , 2014) . These diseases have complex aetiology 

and they develop as a result of complicated interactions of the pathogens' natural 

factors and host factors (Dudek and Bednarek, 2012) . Moreover, ecological factors 

(weaning, transport, commingling, crowding , severe weather, dust, and deficient 

ventilation) serve likewise as stressors that adversely influence the resistance and 

non-immune elements of the host (Loneragan et al., 2001 ; Sanderson et al., 2008) . 
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Furthermore, certain ecological variables (crowding and insufficient ventilation) might 

upgrade the transmission concerning irresistible operators around animals. Variety of 

irresistible operators are connected with BRO, and an introductory infectious agent 

(virus) may change the animal's resistance mechanisms thus permitting establishment 

of the lower respiratory tract by microorganism (Loneragan et al., 2001 ; Sanderson et 

al., 2008) 

Mycoplasma bovis has been recommended to impairs clearance of the infecting 

bacteria , leading to injuries within the lung pathway (Babiuk and Tiloo, 2004) . For 

instance, Bovine Viral Diarrhoea Virus (BVDV) replicates and impairs alveolar 

macrophages that causes immunological disorder or destroys them (Babiuk et al., 

2004). Age and immune status depend on the relative virulence of BRSV infection, 

with most cattle illness. The virus may also cause primary infection of cattle tissue cells 

in the nasal cavity, bronchioli , pharynx, trachea and bronchi that leads to cilia loss or 

even death of bronchial and bronchiolar epithelial cells (Ames, 2002; Caswell et al., 

2007). Due to the reduced mucociliary clearance, the formation of fluid and cell debris 

in the airways and alveoli provides an ideal environment for microorganism secondary 

colonisation. Study conducted by Griffin et al. (2010) shows that BRSV conjointly 

deprives phagocytosis and body process by alveolar macrophages. While I BR 

subsequently infects the upper tract of animal tissue cells , and then it spreads to the 

lower respiratory airway (van Vuuren, 2004) . As a result, animal tissue cell necrosis 

causes ineffective mucociliary motion and lesions within the upper tract mucous 

membrane, exacerbating secondary bacterial infections (van Vuuren, 2004). BPl-3 

infections are associated with very few or no clinical signs in cattle, but BPl-3 

predisposes respiratory organ tissue for ancillary infections (Songer and Post, 2005) . 

The primary infections of BPl-3 virus occur within the animal tissue cells , inflicting 

death of the ciliated epithelial tissue (Songer and Post, 2005) . This condition results in 

ineffective fluid , dust and cell scrap clearance from the airways. Development of 

clinical illness is related to stress and exposure to secondary infections by different 

viral or bacterial pathogens (Songer and Post, 2005). Srikumaran et al. (2007) showed 

that these factors, on an individual basis or together, can provide multiplied opportunity 

for persistent microorganism infection because of some impaired innate immune 

responses. 
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In the USA, typical treatment prices for animals suffering from BRO average at 18.00 

USO, starting at $11.48/farm animal being treated only once, up to $37.34 for animals 

receiving two or more treatments (Franke, 2013) . A research carried out in Mexico 

showed that there was an average of 15-kilogram net loss in 18. 9% of ill animals , 

between arrival time and first treatment application (Villagomez-Cortes, 2013). It has 

been reported that stress factors concerned with the transportation of cattle involved 

a variety of negative consequences such as reduced feed consumption and weight 

gain, altered nutritional standing and animal behaviour, increased morbidity and 

mortality rate, reduced immune performance due to BRO, and death (Cernicchiaro et 

al., 2012). 

2.2 ECONOMIC IMPACT OF BOVINE RESPIRATORY DISEASE 

The economic impact of any illness is large, and it varies from the treatment used, 

pharmaceutical expense, inflated handling and labour, indirect prices related to 

reduced animal productivity and/or lower price for inveterately infected individuals, 

enhanced time on feed , and value related to mortality (especially on individuals late 

within the feeding period) (McAllister, 2010) . BRO is exclusive and economic losses 

can occur in different categories; in comparison to alternative diseases encountered 

within the feedlot like pinkeye or lameness, that typically are not related to any mortality 

loss. The success and profit of the meat trade is significantly important to the economy, 

as this trade is the single largest enterprise in USA agriculture at $188.4 billion (Otto 

and Lawrence, 2001 ). 

Bovine respiratory illness causes about 75 percent of unhealthy cattle and over 50 

percent of the death in feedlots (Edwards, 1996; Smith, 1998). Study conducted by 

Edwards (1996), and Vogel and Parrot (1994) on feedlot records show that over 67% 

of the morbidity rates occurring among the feedlot, were attributed to BRO. Similarly, 

and as would be expected with increased morbidity rates attributed to BRO, mortality 

rates were higher in those animals infected with BRO than those affected by biological 

process or miscellaneous complications. USDA (2001 ) reported incidence rates of 

clinical BRO to be 14.4%, from a study of feedlots with larger than 1,000 head 

capabil ity over twelve states. According to the South African feedlots report, 42.8% of 

majority of animals had respiratory organ wounds during slaughter, but 69.5% had not 

ever been cured for BRO (Thompson et al., 2006). 
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2.3 CLINICAL SIGNS 

Symptoms are sometimes discovered in young cattle seven to ten days after a nerve

wracking event (e.g. , arrival at the feedlot) (Rice et al., 2007) or twenty-seven days 

later once arrived (Duff and Galyean, 2007) . Organisms released from the nasal 

passage are a sign of infection that spreads through the breathing of droplets with the 

microorganisms, through direct contact, or through the ingestion of feed or water of 

sick animals (Gioia et al., 2006). 

Symptoms may vary from barely visible to acute death; however, they may involve 

anorexia , depression, coughing, fever, moist rates of auscultation, ocular and nasal 

secretions (Asian et al., 2002; Snowder et al., 2006; Shakespeare, 2012) . The more 

the sickness persists, the more severe the symptoms become, which includes 

suffering to breath, dyspnoea, heavy nose, and extreme tear production (Thomas et 

al., 2002). Young animals may display a distressed position with abducted elbows and 

lengthened neck (Fulton et al. , 2002; Hodgins and Shewen, 2004; Gioia et al. , 2006; 

Srikumaran et al., 2007). The largest reported cases of respiratory disorder from 

bovine producers are based on a straightforward set of parameters, which are usually 

applied to cattle regarded mostly at higher risk of having BRO. Most typically aimed 

are cattle that have been recently received in feedlot or those that are stressed. The 

most frequently targeted observations are symptoms of appetite loss, changes in 

breathing character, depression, and raised temperate (Ideate et al., 2015). 

Symptoms of BRO do not appear to be pathognomonic for bacterial pneumonia; 

however, these signs have been used in the treatment of BRO for many years (Aubry 

et al., 2001 ). Common and regular use of respiratory signs as a diagnostic proxy for 

BRO case, and treatment records are useful ways to examine incidence rates and 

numerous causal relationships in management, environment and nutrition (Irsik, 2005; 

Richeson et al., 2008). 

2.4 CAUSATIVE AGENTS 

Bovine respiratory disease is caused by a range of pathogens, viral pathogens such 

BRSV, IBR, BPl3 and BVDV (Neibergs et al., 2014). Incidence of BRO may occur in 

animals of any age and at any stage of the production cycle. The infection most 

typically affects young dairy farm animals and veal calves, and bovine experience 

production cycle transitioning like at weaning and/or entrance into the feedlot 
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(McAllister, 2010) . The prevalence of BRO is a synergistic result of a large number of 

causative agents together with epidemiological , physical , and environmental agents. 

Epidemiological effects affecting BRO incidence include bacterial agents: the way of 

spreading, organism solidity, various infectious agents, infectious and latent periods 

(Callan and Garry, 2002) . Common bacterial pathogens related to BRO are, P. 

multocida, H. somnus, and M. haemolytica (Ellis, 2001 ; Cusack et al., 2003; Plummer 

et al., 2004). The microorganism usually related to BRO are normal flora inside the 

nasopharynx of some animals, however, they might not be isolated from all individuals 

inside a given population (Ellis, 2001 ). This microorganism infection does not occur 

until the animal has become diseased, permitting opportunistic microorganism 

pathogens (found within the nasopharynx) to colonise the lower respiratory tract 

including trachea , bronchi, and lungs. Bacterial infections usually cause bronchial 

pneumonia leading to respiratory organ lesions (McAllister, 2010) . 

In most cases, bacterial pneumonia may be a secondary infection, often prefaced by 

a lot of common viral infections within the upper respiratory tract, like IBR, BRSV, 

BVOV, and PV-3 (Ellis , 2001 ; Callan and Garry, 2002; Cusack et al. , 2003; Plummer 

et al., 2004). These infectious agents infect the upper respiratory tract, leading to 

rhinotracheitis , and bronchitis; however, have very little direct relationship to 

pulmonary disease (Callan and Garry, 2002) . The infectious agent predisposes the 

lungs to microorganism infections and bronchopneumonia, nevertheless, BRSV, as 

the primary agent, has the potential of causing severe lower respiratory tract harm. 

Bovine viral diarrhoea in a population can have a profound impact on the prevalence 

of BRO. The prevalence of BVOV inside the bovine trade has been reported as ranging 

from 0.3% to 0.4% and 2.6% to 2.5% among inveterately sick and deceased cattle, 

respectively (Loneragan et al., 2005; Fulton et al., 2006). Insistently, BVOV sick 

animals (BVO-PI) are often associated , as a main cause of the increased BRO 

epidemic. Persistently infected bovine occur once a foetus gets infected by a non

cytopathic strain of BVOV within the initial one hundred and twenty-five days in utero 

(Kahrs, 2001 ). The precise temporal order of physiological condition development of 

immune tolerance remains debatable however, exposure should occur before the 

entire development of a competent foetal immune system. The infected foetus 

recognizes the virus as "self' throughout the event of its system, and thus never rids 
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itself of the virus and becomes a persistent carrier of the virus (Kahrs, 2001 ). 

Therefore, BVD are responsible to initiating outbreaks of BRO in otherwise healthy 

cattle among a population (Fulton et al., 2005). Early identification of sick animals is 

very important in BRO prevention. A survey conducted in the USA on randomly 

designated beef herds shows that 2. 7% of the herds had a minimum of one BVD-PI 

calf (Wittum et al., 2001 ). 

Persistent infection ultimately leads to death of the animal once exposed to a 

cytopathic infection of BVDV. Wittum et al. (2001) estimated that 18.5% of BVD-PI 

calves die before weaning . However, Larson et al. (2004) showed that 17 to 50% of 

BVD-PI cattle might reach a breeding age. Moreover, Loneragan et al. (2005) 

indicated that 33% of BVD-PI cattle would survive until slaughter. This increases the 

chance of exposure of healthy animals by forty-three percent to BVD throughout the 

production cycle. 

A combination of bacterial and viral pathogens compromises the respiratory tract 

defences, ultimately, resulting in pulmonary illness (Duff and Galyean, 2007). Bovine 

respiratory disorder is ultimately characterised as a summation of physical attributes 

and environmental factors that enable colonisation of common pathogens. Physical 

pre-weaning factors attributing to BRO susceptibility centre on immune system 

development (Duff and Galyean, 2007). These factors include infant development, 

nutrition , exposure to BVD-PI cows (explained above) , and farm disease management 

protocols. Callan and Garry (2002) demonstrated that immunological background , 

age, and stress (both physical and nutritional) played a role in BRO incidence in pre

weaned cattle. Post-weaning physical factors embrace stressors of cattle like shipping 

and handling, nutrition, and prophylactic prevention treatments (Duff and Galyean, 

2007). The end-result of these factors plays a role within the future health and 

performance of every individual through the production cycle. 

2.5 VIRUSES 

2.5.1 BOVINE VIRAL DIARRHOEA VIRUS (BVDV) 

Bovine viral diarrhoea is a bovine disease of economic importance result from BVD 

vi rus, a Pestivirus. The virus belongs to the family of Flaviviridae and genus Pestivirus, 

characterised by plus sense single stranded ribonucleic acid viruses of two main 

biotypes (cytopathic or non-cytopathic) (Francki et al., 1991). These viruses are 
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genetically extremely variable. The infection is related to increased financial losses in 

livestock, and elimination projects are becoming more and more collaboratively global 

(Duncan et al., 2016) . In a great occurrence of cases, diarrhoea, fever, ill thrift, 

deprived reproductive presentation, and immunological disorder, are the symptoms 

related to BVDV (Brackenbury et al. , 2003; Zhang et al., 2014). Bovine viral diarrhoea 

virus is transmitted to the next animal through direct or indirect contact, and may be 

isolated in serum, saliva , faeces, nasal discharge, semen, urine, tears and milk of 

persistently infected animals (Radostits et al., 2007) . Indirect transmission can occur 

via fomites , flies , and aerosols of the virus. In general , young and susceptible cattle 

are the most likely to contract the virus. The identification of this disease is through 

laboratory tests like virus isolation, immunohistochemistry, serology, and antibody 

ELISAs, Polymerase Chain Reaction (PCR), as well as diagnosis from the history and 

clinical signs (Saliki and Dubovi , 2004). 

2.5.2 INFECTIOUS BOVINE RHINOTRACHEITIS 

Infectious Bovine Rhinotracheitis virus belongs to the Herpes family, usually affecting 

the lungs and the reproductive system and it has double stranded DNA. It is highly 

contagious, resulting in a rapid spread of respiratory disease among cattle in close 

confinement, particularly in feedlots or when cattle are transported (Yousef et al., 

2013). Virus is transmissible through aerosol route, even by direct contact with the 

nasal secretion in case of respiratory tract infection and by direct contact (Yoo, 2010) . 

In reproducing cattle, the virus may be transmitted through coitus (Yoo, 2010) . 

Analyses have been used to differentiate Bovine Herpes Virus-1 isolates and it has 

been classified into three subtypes (1 , 2a and 2b) (Miller et al., 1991 ). Diagnosis of the 

disease is best by viral segregation. Most of viral infections do not have treatment 

regimens; antibiotics being administered to prevent secondary bacterial infections 

(Jacevicius et al., 2008). Immunisations have proven to be some of the best active 

techniques to prevent the infection in cattle (Yousef et al., 2013) . 

2.5.3 BOVINE RESPIRATORY SYNCYTIAL VIRUS (BRSV) 

Bovine respiratory syncytial virus has recently been identified as the main virus-related 

factor of BRO (Larsen et al., 2001 ). The virus is the key source of breathing problem 

in bovine in the world , and has an economic impact on calves (Buchholz et al. , 1999). 

BRSV belongs to the paramyxovirus family, and it is a ribonucleic acid virus. The 

16 



transmission of the virus is believed to be by indirect and direct ways , and perhaps by 

vaporizer beyond short space, however, all the mechanisms of introduction and 

preservation inside herds are not well understood (Blodorn et al., 2015). Objects or 

individuals that have had contact with infective discharges can likewise, spread the 

infection but the infection does not live long within the environment therefore this 

should happen quickly. Samples including nasal swabs and paired blood samples 

should be collected for the identification of BRSV, to run tests such as 

immunoperoxidase staining, fluorescent antibodies, and enzyme immunoassay 

(Blodorn et al., 2015). Vaccinations are available in preventing the disease. 

2.5.4 BOVINE PARAINFLUENZA-3 VIRUS 

Bovine parainfluenza-3 is an enclosed, negative-sense single-stranded ribonucleic 

acid virus within the Respirovirus genus of the Paramyxoviridae fami ly, and is 

classified as a ribonucleic acid virus (Goswami, 2016). It is found in a wide range of 

mammals including guinea pigs, bison, cattle, goats, sheep, including humans 

(Maidana et al., 2012). Pl-3 virus causes only delicate sickness, and is barely of real 

consequence once it leads to secondary microorganism infection causing pneumonia 

(Ellis, 2010). In remotest cases where the virus is involved in disease, normally 

symptoms include pyrexia , coughing, serous (watery) nasopharyngeal and lacrimal 

secretions. BPl-3 is transmitted from animal to animal through the inhalation of 

aerosolised virus (Ellis , 2010). Vaccination is the way to prevent any massive impact 

of Pl-3. Most vaccines are combined with different respiratory viruses, and are nearly 

always combined with BHV-1 (Theurer et al., 2015). The immunizing agent is available 

in modified live or inactivated form through intramuscular administration or 

temperature sensitive mutant strains for intranasal vaccination. 

2.5.5 OTHER VIRUSES THAT ARE ASSOCIATED WITH BRO 

There are different viruses known to cause BRO. This includes bovine enterovirus, 

bovine adenovirus type 3, bovine reovirus, bovine herpes virus 4, bovine rhinovirus, 

and bovine coronavirus . These viruses seem to play the same role as viruses 

described above. Together with stressor factors , they can be sources of respiratory 

disease (Carrington, 2013) 

17 



2.6 BACTERIA 

2.6.1 PASTEURELLA MUL TOCIDA 

Pasteurella multocida is a standout amongst the predominant commensal and 

perceptive pathogens bacteria discovered worldwide in farm animals, domestic 

animals, and wildlife animals, and regularly establish as a significant aspect of the 

upper respiratory tract (Wilson and Ho, 2013). P. multocida is a Gram-negative 

microorganism, categorised into five capsular serogroups, 16 serotypes, and three 

subspecies. Serogroup A bacteria are bovine nasopharyngeal commensals, bovine 

pathogens and common BRO isolates. P. multocida causes haemorrhagic 

septicaemia associated with morbidity, mortality and economic loss in bovine. The 

infection is a very essential zoonotic microorganism that causes a wide range of 

diseases in several wild animal species, domestic animals and humans (Wilkie et al., 

2012; Wilson and Ho, 2013) . Over the past several years, P. multocida has received 

great attention, and typically, as a secondary invader (Oabo et al., 2007) . 

2.6.2 MANNHEMIA HAEMOL YT/CA 

Mannhemia haemolytica a primary microorganism agent associated with BRO (McRae 

et al., 2016) , is the most typically detected microorganism agent related to BRO (Fulton 

et al., 2009; Panciera and Confer, 2010; Bell et al., 2014). The bacteria are the 

member of the Pasteurellaceae family. M. haemolytica causes the bovine industry 

worldwide economic losses. Rice et al. (2007) reported that M. haemolytica exists as 

an organism within the nasal cavity of the animals in good health, from where it can 

descend into the respiratory organ to promote respiratory disease. For biotypes A and 

T, there are multiple serotypes (16) with twelve capsular serotypes for the A serotype. 

2.6.3 HISTOPHILUS SOMNI 

Histophilus somni continues to be a typical isolate from BRO cases in bovine. The 

bacterium appears to be a resourceful pathogen that makes viral infection more 

complicated and increases the severity of infection with other bacterial agents (Fulton, 

2009) . The number of isolates is commonly less than P. multocida and also less than 

M. haemolytica , even though the pathogen continues to be a typical isolate from BRO 

cases as reported by diagnostic laboratories (Fulton, 2009) . As with P. multocida and 

M. haemolytica, more research has focused on characterising cellular elements as 

virulence factors and antigens, along with immunodominant OMP (Corbeil , 2007) . In 
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H. somni and BRSV challenged calves, a model with synergy was revealed . There are 

somni vaccines out there, but no vaccines recently developed and marketed compared 

to many years ago (Fulton, 2009) . More effective challenge strategies to demonstrate 

protection by H. somni microorganisms in bovine immunization may stimulate a great 

deal of interest in the use of these vaccines. 

2.6.4 MYCOPLASMA BOVIS 

Mycoplasma bovis is a cell-wall-deficient bacterium, belongs to the Mollicutes class, 

Mycoplasmatales, under the family of Mycoplasmataceae and Mycoplasma genus 

(Mcauliffe et al., 2004). M. bovis is small in size, free-living and self-replication 

microorganism (Nicholas and Ayling , 2003). Due to its stringent nature, being difficult 

to culture and slow growing. M. bovis needs close interaction with its host animal 

(Mcauliffe et al. , 2004). Many species remain among the most infectious pathogens of 

cattle around the world (Prysliak et al., 2011 ). M. bovis was initially isolated from cattle 

diagnosed with acute mastitis in the United States in 1961 , and the disease was 

reported worldwide (Kumar et al., 2011) . 

Mycoplasma bovis was the subject of numerous investigations, along with laboratory 

studies characterising the agent and measuring the immune reaction of the host as 

well as field studies identifying infected cows (Caswell and Archambault, 2007) . Most 

laboratories use advanced method (specific sera and PCR) to diagnose/detect M. 

bovis in respiratory disorder cases. The challenge of establishing M. bovis as a main 

pathogen in BRO is to conclude whether or not it is causing a primary disease infection 

or it is usually a secondary invader in the compromised lung (Caswell and 

Archambault, 2007). 

Usually diagnostic laboratories can recover M. bovis within chronic pneumonia of the 

late stages, suggesting that it may be a secondary invader. Previous researches 

demonstrated on respiratory organ sickness in cattle tested with M. bovis (Haines et 

al., 2001). Vaccines are available, but their use has resulted in mixed results . Maunsell 

et al. (2009) show that a recognized M. bovis bacterium was not effective for the 

control of M. bovis-correspondent sickness in farm animals. There is no report that 

shows that M. bovis vaccines were evaluated for their effectiveness to prevent 

respiratory disorder in feedlot bovine (Caswell and Archambault, 2007) . 
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2.6.5 OTHER BACTERIAL ASSOCIATED WITH BRD 

Griffin et al. (2010) stated that different causal microorganisms of BRO are isolated 

from bovine pneumonic respiratory organ tissues. These include multiple species of 

Pasteurel!a, Gram-positive staphylococci, streptococci, Arcanobacterium Pyogenes, 

Mycoplasma spp., and multiple enteric organisms (Enterobacteriaceae pathogens, 

such as Salmonella spp., Escherichia coli, Yersinia pestis, Klebsiel/a , Proteus, 

Enterobacter, Serratia, and Citrobacter spp.), while fungal organisms may also be 

recovered (Griffin et al., 2010). These organisms are also opportunistic pathogens or 

may be associated with chronic respiratory disease after prolonged medical care with 

antimicrobials (Griffin et al. , 2010). In cases where animals survive the initial infectious 

processes, they can also colonize necrotic tissue. Typically, organisms are considered 

part of the conventional flora of the upper respiratory tract, and isolation can commonly 

be accidental (Griffin et al. , 2010). Isolation of these organisms may not indicate a 

causal relationship and preconception of the clinician is needed. 

2. 7 EFFECTS OF STRESS FACTORS THAT MAY LEAD TO BRO 

The delivery and processing of feedlot calves predisposes, causes and increases the 

risk factors for the environment. The causes of susceptibility are usually synergistic, 

including age, stress (biological process changes, weather, comingling , etc.), and 

immunological circumstantial (Callan and Garry, 2002) . Ecological and 

epidemiological risk factors include dirt particles , humidity, climate, stocking density, 

ambient temperature, ventilation , infectious amount, transportation, mode of 

transmission, parasite density dependence, latent and carrier periods, and virulence. 

Heritability estimates of BRO resistance in preweaned calves have ranged from 0.10% 

(Mugg Ii-Cockett et al. , 1992) to 0.20% (Snowder et al. , 2005). Breed variations differ 

in occurrence of BRO in pre-weaned young animals (Snowder et al., 2005). It is not 

clear whether there are genetic differences among feedlot cattle. 

2.7.1 TRANSPORTATION 

Duration of transit may influence bovine health by increasing the severity of 

dehydration, fasting, fatigue, and inhalation of waste product. A study conducted by 

Sanderson et al. (2008) shows that calves undergoing shorter transit times could also 

be worth a premium because of lower morbidity risk. In addition, Sanderson et al. 
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(2008) demonstrated that for each additional 160 km that calves were transported , 

they had a 10% increased chance of contracting BRO. 

Cernicchiaro et al. (2012) disputed Sanderson et al. (2008) claim and showed that 

only cows that are transported more than 250 kilometre could have a greater risk of 

contracting the infection of BRO. Cole et al. (1988) reported on treatments of groups 

of calves transported for 12 hours versus 24 hours. The result shows that the group 

transported shorter distance had more morbidity and mortality, while average daily 

gain (AOG) was similar between the groups. The authors offered no explanation for 

why the short-distance group had larger morbidity and mortality than the other group, 

but did state that the bulk of health problem began after day five (Cole et al. 1988). 

2.7.2 STRESSORS 

A stressor is known as an outside factor impact (human) on bovine that leads to the 

cattle being stressed, versus risk factors that are inherent characteristics or events 

that man has no or restricted management over (Fontenot, 2017). Irrespective of its 

source, stress may render an animal more vulnerable to health problems because of 

its impact on the immune system. This relationship was represented by increased 

concentrations of plasma cortisol in combination with transport, weaning , castration, 

and different stressful process on cattle (Roth, 1985). It has also been demonstrated 

that synthetic glucocorticoids like dexamethasone are shown to cause mild discomfort 

then progress into acute illness (Roth , 1985). 

2.7.3 EFFECTS OF COMMINGLING CALVES 

Commingling of calves during transportation increases stress, makes the calves more 

vulnerable to infection. In addition, because of the stress, calves sub-clinically infected 

by BRO may convert to being clinically infected. For instance, during transportation 

(Step et al., 2008) nose-to-nose, contact transmits pathogens in nasal secretions of 

infected calves, and gaseous agents may be transmitted by coughing (Bryson, 1985). 

Sanderson et al. (2008) showed that the probability of cattle from different sources 

that live in pens commingled were twice more likely to become morbid compared to 

pens originating from one source. The study done by Step et al. (2008) shows that a 

group of calves originating from an auction and the treatment of ranch-origin calves 

commingled with group of auction calves experienced greater morbidity and mortality 

than group of calves originating from a ranch that remained isolated. In addition, calves 
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that were weaned on the shipping truck as hostile pre-weaned on the ranch 

experienced larger health problem. O'Connor et al. (2005) also reported increased 

BRO risk in mixed feedlot pens, with mixed pens being three times more at risk of 

developing BRO compared to pens comprised only one source of cattle. Therefore, 

the authors concluded that the issue with the primary risk associated with BRO as 

commingling , and cattle were being exposed to BVOV via staff walking pens. Elevated 

stress in commingled pens contributed to immunological disorder and therefore the 

environment makes the cattle vulnerable to clinical BVO (O'Connor et al., 2005). 

2.8 DIAGNOSIS 

The diagnosis of BRO is often achieved through routine clinical examination and 

observation of the cattle. Followed by the use of laboratory tests accessible to identify 

microbial agents concerned. Identification of infections is typically done by isolating 

infectious agent (bacteria/virus) . Useful laboratory methods such as Polymerase 

Chain Reaction , lmmunofluorescence technique, and Enzyme-Linked-

lmmunosorbent serologic assay. Polymerase chain reaction is amongst the nucleic 

acid techniques proficient to identify deoxyribonucleic acid of main viral respiratory 

pathogens of bovine origin (Thonur et al., 2012). Virus-neutralization test (VNT) is also 

helpful in the identification of BRO causative agents . 

2.9 PREVENTION AND TREATMENT 

The best way to prevent respiratory problems is to decrease trauma and stress on 

animals and to prevent bacteria and viruses causing disease. In order to decrease 

stress one must provide satisfactory rest; bolster the food supply and water; ensure 

that animals get adequate levels of crucial supplements for instance, vitamins and 

minerals; handle animals considerately; decrease or minimize pen developments; 

prevent overcrowding; to support helpful lodging additionally (ventilation is important) ; 

and to minimize heat stress (Urban-Chmiel and Grooms, 2012) . Treatment for bovine 

bacterial respiratory disease often involves antimicrobial administration and non

steroidal anti-inflammatory drug medication. Affected animals must be identified and 

be treated early. The encouragement of antimicrobial medical care for microbial 

pneumonia is treating with the appropriate antimicrobial agent as early as possible. 

Early treatment is more important than which medicine is selected to treat the clinically 

ill animal (Thomson and White, 2006). The role of antimicrobial treatment in handling 
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bronchopneumonia in microorganisms is to manage or stop replication of bacteria . 

The recovery of a bovine respiratory disease animal is assisted by the use of an 

applicable antibiotic, but an active immune system is needed. The presence of lesions 

that are too advanced for productive therapy is an important reason for treatment 

failure (Urban-Chmiel and Grooms, 2012). 

2.10 ANTIMICROBIAL AGENTS AND ANTIMICROBIAL RESISTANCE 

Veterinary breakpoints and the Veterinary Antimicrobial Susceptibility Testing 

Subcommittee (CLSINASTS) determine antimicrobial resistance. The selected 

organism should be viable, although the antimicrobial agent suppresses its 

development (Apley, 2003; Blondeau et al., 2009). MIC breakpoints and zone

interpretive criteria selected by the subcommittee are stated as susceptible (S), 

intermediate susceptibility (I) or resistant (R) . A selected combination of diseases, 

animal species, pathogens, and antimicrobial regimens is applied to veterinary 

breakpoints. These breakpoints are valid because the laboratory has carried out the 

susceptibility tests in accordance with CLSI - standardized strategies (Apley, 2003). 

The two key strategies to disease testing for veterinary diagnostic laboratories are the 

techniques of serial dilution and the method of disk diffusion, jointly called the Kirby -

Bauer technique. Serial dilutions usually tend to be carried out on commercially 

available micro titre plates or panels. These micro titre well plates contain scheduled 

concentrations of antimicrobials that are precisely inoculated with broth containing a 

consistent antimicrobial range. The relative importance of determined overall growth 

in the wells determines the value of the breakpoint, which is output as S, I, or R, and 

can also report the MIC. 
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CHAPTER 3 

SEROLOGICAL DETECTION OF VIRAL INFECTIONS IN CATTLE 

SHOWING RESPIRATORY DISTRESS 

3.1 INTRODUCTION 

Bovine Respiratory Disease (BRO) is one of the most significant health problems in 

the livestock sector worldwide, resulting in significant economic losses for the livestock 

industry. Economic losses are caused by reduced performance, death, treatment 

costs , and control measures (Larsen et al. , 2001) . 

Communal farmers face the challenge of diagnosing sick and dying animals to 

implement BRO control intervention strategies. Clinical examination based on 

observation of the animals to detect cattle showing signs of respiratory distress is 

important. In addition, determination of the infectious agents of BRO would help in the 

choice of control methods, and treatment (Patel et al., 2017). However, it is difficult to 

differentiate BRO affected cattle based solely on visual signs. The technique may 

provide initial indication of BRO in cattle, but it requires further clinical evaluation of 

suspected cattle to confirm the disease (Snowder et al., 2006). 

A tool for detection of infected animal with BRO is very important for establishing the 

prevalence and transmission patterns of the viruses. It also helps to identify bovines 

at greater risk for adverse BRO actual result and enables feedlot health personnel to 

maintain these bovines more effectively (Fulton and Confer, 2012) . 

BRO laboratory diagnosis is linked to the isolation and identification of appropriate 

pathogenic agent (viruses) in a sample from suspected infected cattle. Diagnosis of 

BRO infection can be accomplished by immunofluorescence or immunoenzyme 

techniques (Brock, 1995; Wellemans, 1987). More recently , the use of virus-specific 

DNA or RNA virus isolation was introduced for confirmation of the disease (Fulton and 

Confer, 2012) . lmmunofluorescence was used extensively for direct detection of 

different viral antigens circulating in the blood stream of the infected animals (Decaro 

et al., 2008). This method has some limitations, which includes the requirement of 

intact cells containing viral antigen in samples. 

Detection and identification with the polymerase chain reaction method provides a 

sensitive and specific diagnostic approach. PCR and reverse transcription - PCR (RT-
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PCR) tests have recently been combined to diagnose various RNA viruses (Fulton 

and Confer, 2012) . The Larsen et al. (2001) investigation on the diagnosis of enzootic 

pneumonia in Danish cattle using RT-PCR assay showed that this technique offers 

the advantages of high sensitivity and reproducibility combined with an extremely wide 

dynamic range. However, some veterinary diagnostic laboratories around the world 

are still not well equipped to routinely perform real time-PCR. 

Enzyme-linked immunosorbent (ELISA) assays are straightforward and easy to 

accomplish tests. The implicit cost, ease of use, and rel iability makes ELISA a widely 

used method for veterinary and human diagnostics. In contrast, this method only 

indicates the ability of the antibodies to bind to the virus in the affected animal's blood 

(Schrijver et al., 1998). These antibodies can also bind to portions of the virion that are 

not essential for the viral invasion of host cells . Moreover, most of the commercially 

available BRO ELISA kits involve a long and complex procedure but lack sensitivity 

(Fulton and Confer, 2012) . The purpose of this study was to determine the Bovine 

Respiratory Disease-related viral pathogens in Mahikeng local municipality. 

3.2 METHODOLOGY 

3.2.1 STUDY FIELD 

Mahikeng , North West Province, South Africa was the study area. Samples (blood and 

nasal discharges) from cattle were collected from communal cattle farms in Mahikeng 

during the North-West University outreach programs. The areas where samples were 

collected were: Lekung, Mogosane, Uplands, Ramatlabama Six hundred, Masutlhe, 

Moletsagongwe, Tontonyane and Buhrmansdrift. 

3.2.2 DESCRIPTION OF COLLECTION SITE 

Mahikeng is located near the Botswana border in South Africa, with latitude of 25.8595 

and longitude of 25.6524 (SA Places, 2017) . The vegetation of the area is mostly 

unimproved grasslands in which animals graze freely on natural rangeland. The type 

of plant life in all areas is similar to that of a savannah biome. January is the warmest 

month with an average temperature of 31 .8°C, while July is the coldest and driest with 

a typical temperature of 2°C. The annual rainfall is about 300 - 600 mm, and is 

optimum between November and February (SA Places, 2017) . 
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3.2.3 STUDY DESIGN AND SAMPLING METHODS 

An ethic approval was obtained from the North West University Animal Ethics 

Committee (NWU-00180-18-S5). Convenience sampling method (BRO history 

diagnosed on the herd , and detailed health records for the cattle) was used in herd 

selection. One hundred blood samples were collected from animals showing 

symptoms of respiratory distress with symptoms such as nasal discharge, coughing , 

depression, and elevated body temperature (up to 41 °C). Clinical examination was 

carried out to ensure that the cattle were not clinically healthy and had respiratory 

signs. 

3.2.4 BLOOD SAMPLES 

One hundred blood samples (5 ml each) were collected aseptically from each cattle's 

coccygeal vein using anticoagulant-free vacutainer tubes and transported on ice to the 

North-West University Animal Health Laboratory. About 3-4 hours after arrival , serum 

was separated out by centrifugation at 3000 rpm for 10 minutes using ambient 

conditions, aliquots were transferred to Eppendorf sterile tubes of 1.5 µL and kept at -

80°C until further analysis. 

3.2.5 DETECTION OF VIRAL ANTIBODIES 

One hundred serum samples from different cattle were sent to ARC-Onderstepoort 

Veterinary Institute for serological testing (viral antibodies) . Sera samples were tested 

for Bovine Parainfluenza Virus-3 (BPl-3) , Infectious Bovine Rhinotracheitis (IBR) and 

Bovine Viral Diarrhoea Virus (BVDV). The serological tests were performed using 

Enzyme-linked immunosorbent assays (ELISA) following the protocol described by the 

ARC (2019) . 

3. 2.5.1 BOVINE PARAINFLUENZA-3 

The BPl-3 indirect ELISA is a serological assay used for the detection of lgG 

antibodies raised against Parainfluenza 3 virus in serum or plasma. The assay is for 

the detection of anti BPI 3 lgG antibodies in infected bovines. 

Briefly, BPI 3V infected cattle produce lgG antibodies, which bind to the BPI 3 antigen 

in the ELISA plate. The bindings were achieved by the addition of a protein G

horseradish peroxidase conjugate, which binds to the lgG, and the unbound conjugate 

was washed away. The bound enzyme catalyses the reaction between the conjugate 
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and substrate to produce a blue colour. A yellow colour was developed after the stop 

solution was added. The absorbance was measured using a spectrophotometer at a 

specific wavelength of 450 nm [A (450)] in an ELISA plate reader. Colour development 

indicates the presence of Pl3V antibodies in the sample (positive result) . 

3. 2.5.2 INFECTIOUS BOVINE RHINOTRACHEITIS 

Infectious Bovine Rhinotracheitis Virus Antibody Test is an enzyme immunoassay 

designed for the detection of BHV-1 specific antibodies using IBR-gB-specific 

monoclonal antibodies in bovine serum, plasma, or milk. 

Briefly, monoclonal IBR gBx3 immunoassay antibodies are designed to identify the 

presence of IBR antibodies in individual cattle serum samples. By immobilizing IBR 

viral antigens on the plate, a microtitration method. Antibody specific to IBR formed a 

complex with the immobilized viral antigens upon incubation of the test sample in the 

antigen-coated wells. After washing away unbound materials from the wells, a gB

specific monoclonal antibody Horseradish Peroxidase conjugate was added. This 

antibody binds to the BHV-1 antigen when the antigenic determinant, recognized by 

the monoclonal antibody previously occupied (blocked) by antibodies in the test 

sample. Substrate solution was added after unbound conjugate was washed away. 

Substrate gave a product in the presence of enzymes that reacts with the chromogen 

to produce a blue colour. A yellow colour was formed after the stop solution was 

added. The absorbance at a single wavelength of 450 nm was measured using an 

ELISA plate reader. The blocking percentage of the samples was calculated by 

determining the absorbance obtained in the test sample while a sample with no 

specific antibodies served as a control. 

3. 2.5.3 BOVINE VIRAL DIARRHOEA VIRUS 

The antibody test for Bovine Viral Diarrhoea Virus is an indirect enzyme immunoassay 

enzyme designed to detect BVDV antibodies (Ab) from infected bovine serum, plasma 

and or milk samples. 

Briefly, I DEXX BVD total antibody (indirect enzyme immunoassay) was used to detect 

BVDV antibodies in serum samples from cattle infected with BVDV. BVDV antigens 

were immobilizing on plates, through a microtitration method. The plates containing 

sample's BVDV antibodies bound to the antigen were incubated. After incubation of 

the test samples in the well , captured BVDV antibodies were detected by anti-bovine 
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horseradish peroxidise conjugate. Then, unbound conjugate was washed and a 

substrate/chromogen solution was added . Substrate was covered in the presence of 

enzymes, which reacts with the chromogen to produce a blue colour. A yellow colour 

was achieved after the stop solution was added. The absorbance was determined at 

a specific wavelength of 450 nm using a spectrophotometer. The ratio of sample to 

positive samples was calculated using the absorbance [A (450)] obtained from the test 

sample and a positive control. The absorbance was corrected for the negative control. 

Colour development indicated the presence of BVDV antibodies in the sample. 

3. 2.6 ST A TIS Tl CAL ANALYSIS 

This study utilised pie charts to summarise the results of the prevalence of each virus , 

in general, as well as the prevalence of each virus for each location, the amount of 

each virus relative to the viruses found in the study. In addition , the chi-square test of 

association was used to deterrpine the relationship between the following pair of 

variables: location and the prevalence of cattle respiratory disease. A p-value less than 

the significance level of 0.05 was deemed to indicate a significant association between 

the variables. 

3.3 RESULTS 

Figures 3.1-3.3 and Appendix 1 presents the overall sere-prevalence values for BPl-

3, IBR and BVDV viruses in selected communal areas in Mahikeng using ELISA. 

Approximately, 71 .8% of serum samples analysed were confirmed to be positive for 

antibodies of BPl-3, while 21 % of serum samples were negative. Serum samples of 

7.1% were suspect (Figure 3.1). 
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Pl3 
■ Negative 

Positive 
D Suspect 

Figure 3. 1: ELISA findings for 100 cattle with BPl3 antibodies. 

Sero-prevalence values for IBR shows that more than two thirds (68 .2 %) of the 

an imals tested positive to IBR, while 30.6% tested negative. In addition , 1.2% were 

inconclusive. (Figure 3.2) . 

IBR 
■ Negative 
■ Positive 
D Suspect 

Figure 3. 2: ELISA findi ngs for 100 cattle with IBR antibodies. 

Results showed that out of 100 serum samples analysed using the ELISA test, 

antibodies to BVDV showed that 60% were positive, while 37 , 6% of sample were 

negative. Serum samples of 2.4% were suspects. (Figure3.3). 
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BVD-Ab 
■ Negative 

Positive 
D Suspect 

Figure 3. 3: ELISA find ings fo r 100 cattle with BVDV antibod ies . 

A representation of BP l-3 at each location using ELISA has been included (F igure 

3.4). It must be po inted out that the entire set of blood samples obtained from Lekung 

tested positive to BP l3 (100%), fo llowed by Mogosane (90.9%) and Tontonyane (90%) 

respectively. About 88 .9% of positive blood sample to BPl -3 were recorded in 

Buhrmasd rift followed by Uplands (80%), while samples from Moletsagongwe (37 .5%) 

tested positive. Positive samples to BPl -3from Ramatlabama (600) and Mashuthle 

was 33 .3% and 20% respectively. Based on these resu lts , it can be concluded that 

differences in the prevalence of Pl3 were statistically significant (p-value<0.05) as 

shown in Figure 3.4 . 

r 
fl) ,... 
C 
::, 

IQ 

■ NeQative 

s: 
0 

IQ 
0 

"' ... 
::, 
fl) 

C ,, 
er 
::, 
Q. 

"' 

■ Posit ive 

;o ... 
3 ... ,.. 
er 
C" ... 
3 ... 
en 
0 
s 

□suspect 

s: s: ... 0 

"' ;;-::r ,.. 
C "' ,.. ... 
:i' IQ 
fl) 0 

::, 
IQ 
:E 
fl) 

Figure 3. 4: Prevalence of BP l3 at each location . 
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In Figure 3.5 out of 100 serum samples tested using ELISA, the occurrence of IBR on 

each location was as follows: Mogosane 90.9%, Uplands 75% , Lekung 72.7%, 

Buhrmansdrift 66 .7%, Mashutlhe and Tontonyane 60%, Ramatlabama (600) and 

Moletsagongwe 50%. Based on the resu lts the prevalence of IBR was not statistically 

sign ificant (p-value > 0.05) . 
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Figure 3. 5: Prevalence of IBR at each location . 

The incidence of BVD at each location shows that most positive cases were recorded 

in Uplands (85%), fol lowed by Mashutlhe (80%), and Tontonyane (70%) respectively. 

In Buhrmasdrift , 66% were positive and 54 .5% in Mogosane. Half of the cattle (50%) 

from Moletsagongwe tested pos itive to BVD-Ab wh ile less than half of the cattle 

(33.3%) from Ramatlabama (600) tested positive to the disease. In Lekung 9.1 %, 

positive cases were recorded . Based on the results , it can be concluded that 

differences in the prevalence of BVD were statistically significant (p-value<0.05) as 

shown in Figure 3.6. 
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Figure 3. 6: Prevalence of BVD at each location . 

The likel ihood ratio Ch i-square test results presented in Tab le 3.1 show that the re was 

a statistically significant (p-value<0.05) association between the location and the 

preva lence of BVD-Ab and BPl3 . However, there was no statistical ly significant (p

value>0.05) association between the location and the prevalence of IBR. 

Table 3. 1: Prevalence of Bovine Respiratory Disease viruses in different locations 

Association between location and : Value df P-value 

BVD-Ab Likelihood Ratio 1 30 .127 14 .007 

Pl3 Likel ihood Ratio 37.441 14 .001 

IBR Like lihood Ratio 10.447 14 .729 

The overall sero-prevalence of BRO in the targeted population was 66 .7%, indicating 

that, in half of the cattle herd involved in the project at least one BRO seropositive 

animal was present. About 29 .8% of samples were negative while 3.5% were suspects 

(Figure 3.7) . 

1 The Li ke lihood Rati o Ch i-Squ are is used sin ce more tha n 20% of the ce lls had expected frequencies less than 5 
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Overall prevelance of viruses 
Negative 
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Figure 3. 7: The overall preva lence of viruses in the targeted population of cattle. 

The present study indicated that the incidence of BRO va ry from one village to the 

other. Uplands showed a seroprevalence of 80%, followed by Mogosane (78.79%), 

and Buhrmansdrift (74.07%). Approximately 73 .33% of positive cases were obtained 

in Tontonyane whereas Lekung showed a seroprevalence of 60 .61 %. Furthermore, 

the results obtained from Mashutlhe showed that more than half of the cattle (53.33%) 

tested positive to BRO while 45 .83% of samples tested positive to the viruses in 

Moletsagongwe. The samples from Ramatlabama (600) showed a little less than one 

third of the cattle (38.89 %.) that tested positive to BRO (Figure 3.8) . 

Lttuaa JQm.al~IIU 
(600) 

~wluttlllt ~loltw,oapt Toatoayut Bullrmusdrift 

Figure 3. 8: Overall prevalence of the viruses in each village 
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To understand the samples, which were positive , negative, or suspects 

simultaneously, Two-Step cluster analysis was used to segment the samples 

according to the prevalence of the viruses as presented in Figures 3.9. 

Cluster Sizes 

Closter 

D1 
■ 2 
■ 3 -· 4 

0 5 

Figure 3. 9: Five clusters (groups) of the viruses . 

The results show that the samples clustered into f ive groups accord ing to the 

prevalence of the viruses . The distribution of the samples based on the clusters of the 

samples is as shown in the pie chart above. Each cluster is explained in Figu res 3.10-

3 15. 

Cluster Comparison 

■ 1 

RllSAPll 0 

fUSA- 0 

RISA 8VD-Alt 0 
P.0111.Jve 

Figure 3. 10: Cluster 1 (19 .3% of the samples) comprised samples that tested 

positive for both BPl3 and IBR but tested negative for BVD-Ab. 
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Cluster Comparison 

fl.lSAPO 0 

EUSABl 0 

8JSA Svo.Ab 0 

Figure 3. 11: Cluster 2 (13.3% of the samples) comprised samples wh ich tested 

positive for BPl3 but tested negative for both IBR and BVD-Ab. 

Cluster Comparison 

3 

EUSAPO 

I~ Pe>t 

OJ$Al9R 
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(USABVl)-Ab 

I~ p • 

Figure 3. 12: Cluster 3 (16.9% of the samples) comprised samples which tested 

negative for all the three viruses . 
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Figure 3. 13: Cluster 4 (10 .8% of the samples) comprised samples which tested 

positive for both IBR and BVD-Ab , but were suspects for BPl 3. 

Cluster Comparison 

■ 5 

OJSAPQ 0 

,..._,,,. Po ..... 
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Figure 3. 14: Cluster 5 (39.8% of the samples) comprised samples which tested 

positive for the all viruses. 
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Figure 3. 15: Percentages for each cluste r on each vi llage. 
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3.4 DISCUSSION 

Bovine respiratory disease is the costliest disease of cattle around the world . The 

disease is very important because of severe economic losses (Mahmoud et al., 2009). 

The losses are due to respiratory and reproductive disorders, and mortalities occurred 

because of infection of the lungs caused by secondary bacterial infection (Kramps et 

al., 1993.). This work aimed to identify the most common viruses associated with BRO 

in Mahikeng local municipality. Blood samples were collected during the outreach 

program organised by the North University. Additionally, some of the samples were 

collected from the North West University Clinic. Sampling was limited to non

vaccinated cattle against BRO and cattle showing signs of respiratory distress. 

Enzyme-l inked immunosorbent assays test was used to detect antibodies against 

BRO viruses (OIE, 2004; Mahmoud et al., 2009) . Durham and Sillars (1986) specified 

that one of the most important points for the use of ELISA is the reliabil ity for the 

examination of cytotoxic serum samples that cannot be examined by serum 

neutralization test. 

Of the 100 serum samples tested for the presence of serum antibodies to different 

infectious agents, BPIV-3, BVDV, and IBR were identified as causative agents 

responsible for causing BRO in cattle in the Mahikeng local municipality. However, 

some cattle tested negative for all the pathogens. Furthermore, Bovine Respiratory 

Syntactical Virus (BRSV) was not part of this study due to unavailability of kit. Overall 

seroprevalence values for the viruses BVDV, IBR and BPIV-3 showed that 60% of 

cattle were infected with BVDV, while 71 .8% were infected with BPIV-3 and 68.8% 

were infected with IBR. The study showed that 71 .8% of cattle were positive for 

antibodies BPIV-3, which indicates a high distribution of this infectious viral agent in 

Mahikeng. In a study conducted by Tiwari et al. (2016) on seroprevalence of BPl-3V 

in Ruminants from Grenada, a 13.4% of seroprevalence was observed. 

A variation in seroprevalence of antibodies for BPIV-3 was reported in cattle from 

different countries of the world. For instance, In the USA, seroprevalence ranged from 

53% to 95% in different areas (Abinanti et al., 1961), while seroprevalence ranged 

from 97.5% to 100% in Central and South Western France (Valarcher, and Hogghund, 

2006) . Peter and Lori (1990) observed a very high (93.9%) seroprevalence to Bovine 

Parainfluenza in Saskatchewan and Alberta. Sakhaee et al. (2009) reported 100% 

seroprevalence in dairy cattle of Iran, while Ezzi et al. (2013) found a seroprevalence 
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of 95%. In Mexico, 75% of cattle were reported to be seropositive (Victor et al., 1983). 

Moderate seropositivity (50% to 70%) was observed in Turkey (Yesibag and Gungor, 

2008) , North-Western Nigeria (lbu et al., 2005) , Lithuania (Kristina et al., 2009) , and 

Saudi Arabia (Mahmoud and Allam , 2013) . However, within Mahikeng, 

seroprevalence fluctuation in cattle population among villages was observed . 

It was reported that the variation in the seropositivity might be due to the ubiquitous 

nature of the viruses (Bryson, 1990), and difference in weather (Ezzi et al., 2013). In 

this study, the dominant factors that predispose cattle to BPIV-3 are overcrowding of 

cattle in small kraals and stress (Lazic et al., 2009). 

In this study, ELISA results showed a high seropositivity (60%) to serum antibodies 

for BVDV, which indicates a moderate distribution of the infectious viral agent in 

Mahikeng. This result is similar to previous studies in Namibia (68%) and Lephalale, 

Limpopo (71%) (Scott et al., 2013) . Hunter and Carmichael (1975) reported 

seropositivity of 40% - 70% in Botswana. The present study reveals that BVDV is 

prevalent throughout Mahikeng and that this virus has been circulating amongst cattle. 

However, seroprevalence variation of cattle affected by BVDV was noticed among 

villages. 

These results point to a potential lack of cattle vaccination program or interference by 

small ruminants, in particular goats/sheep, with the eradication of BVDV from cattle. 

In addition , common indoor housing of sheep, goats and cattle could also be a risk 

factor (Kaiser et al., 2016). Apart from cattle, BVDV has been frequently detected in 

sheep; therefore, virus transmission from sheep to cattle should be considered as a 

potential threat to the success of BVDV control and eradication programs (Moennig 

and Becher, 2018) . 

Regarding IBR, which had the second highest prevalence in this study, cattle 

seropositivity was recorded to be 68.2%. These results were in agreement with results 

obtained from various provinces of Colombia , including Santander (48.2%) (Vargas

Niiio et al., 2018) and Valle (69.8%) (Ruiz-Saenz et al., 2010). Seroprevalence 

variation of cattle affected by IBR was obtained in different villages of the North West 

province in this study. Zeedan et al. (2018) reported a seropositivity of 27.87% in 

Egypt. However, within South Africa, IBR is much more prevalent in Gauteng Province 
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(7 4.47 %) (Njiro et al., 2011 ). AI-Hammadi (2016) reported a seroprevalence range of 

64% to 53 %. 

In this study, the high seropositivity of IBR was attributed to the weather as the area 

is relatively cold in winter. This cold weather may favour the spread of respiratory 

viruses (Park et al., 2007) . In addition, factors like indiscriminate movement of stock 

between herds and a lack of biosecurity, surveillance, resistance/immunity and control 

in the herd could be incriminated. 

In conclusion , the results of this study clearly established that BVOV, BPIV-3 and IBR 

are important viruses responsible for causing BRO in cattle populations. The virus 

prevalence in various villages across Mahikeng fluctuates from medium to high. It was 

concluded that some locations such as Lekung had 100% seropositivity to BPIV-3. In 

addition, these viruses produce latent infection, and persistence in closed herds, under 

stressful conditions. Since those cattle were non-vaccinated against the indicated 

viruses, therefore, in affected villages, protective measures such as good 

management practices and vaccination may be beneficial and farmers should be 

educated on the effect of BRO to the livestock. 
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CHAPTER4 

MOLECULAR ANALYSIS OF BRD ASSOCIATED BACTERIAL 
ISOLATES 

4.1 INTRODUCTION 

Bovine respiratory disease (BRO) is a major health problem for cattle worldwide (AI

Hammadi et al., 2016) , and it is caused by the following bacteria, P. multocida, H. 

somni, M. bovis and M. haemolytica. These bacteria are usually present in the mucosa 

of the respiratory tract (nasopharyngeal region) , and they play a significant role in 

pathogenesis of BRO (Lazic et al. , 2009, Griffin et al., 2010). The disease usually 

occurs when the infectious agent is well established by secondary infection, after a 

primary bacterial or viral infection that can occur after stress (Brogden et al., 1998). 

Predisposing factors such as stress, which may be due to loading and offloading, food 

and water deprivation, the weather conditions (Dixit et al., 2001) and viral or parasitic 

infections are all involved in the pathogenesis (Patel et al., 2017). These influences 

help to weaken the host immune system and allow the microorganisms to replicate 

rapidly in the upper respiratory tract. Reduction of the nutrient's energy and protein 

concentration leads to the suppression of immunological response and reduces the 

average daily gain in young animals (Taylor et al., 2010). Calves are more susceptible 

/ vulnerable to the BRO infection (Dixit et al. , 2001 ). M. haemolytica is the most 

important bacterial pathogen associated with BRO, regardless of the initiating events 

(Griffin et al. , 2010). The diagnosis of BRO is complex as there are various possible 

causes. The BRO diagnosis may be done using clinical signs observation as 

suggested by Perino and Apley (1998) . In addition, the primary investigation of 

affected animals, identification of the causative microbial agents involved is very 

crucial (Fulton and Confer, 2012) . 

The following samples: nasopharyngeal swabs, tracheobronchial lavage, blood and 

tissue samples at necropsy can be collected to identify the bacteria involved in BRO 

(Fulton and Confer, 2012) . Identification of etiologic agents from sick animals can also 

be helpful in appropriate therapy and prevention of BRO (Nikunen et al., 2007). 

Available laboratory methods such as antigen capture ELISA, immunohistochemistry, 

culture and PCR assays help identify bacterial pathogens (Duff and Galyean, 2007). 

Newly developed molecular methods have significantly improved the diagnosis of 
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respiratory diseases, providing fast and cost-effective tools that could help to 

determine the causative agents of the infection (Paller et al., 2017) . In veterinary 

diagnostic laboratories, different molecular techniques are used to identify pathogenic 

organisms (Veir and Lappin , 2010). Bacterial identification of BRO involves the use of 

polymerase chain reaction (PCR) method , which provides accurate results (Larsen et 

a/., 1999). The following molecular approaches: conventional PCR, multiplex PCR 

formats , real-time PCR, microarrays, in-situ hybridization, sequencing of infectious 

agent, and genome detection are commonly used techniques for the identification of 

bacteria. 

In this study, serological testing (Chapter 3) confirmed the presence of BRO viruses in 

Mahikeng , however, little is known about the characteristics of bacterial 'pathogen'. 

The aim of this section of the project was to identify BRO bacteria that circulate in 

Mahikeng local municipality and to obtain phylogenetic information of local strains for 

the basis of comparison with those retrieved from the Genbank. 

4.2 METHODOLOGY 

4.2.1 RESEARCH DESIGN AND SAMPLING METHODS 

A cross-sectional study was conducted on cattle herds in the Mahikeng local 

municipality. Herd selection was based on convenience sampling method. One 

hundred nasal swab samples were collected from animals showing symptoms of 

respiratory disease such as nasal discharge, coughing , depression, and elevated body 

temperature (up to 41°C) . 

4.2.2 NASOPHARYNGEAL SWABS 

One hundred deep nasal discharges were collected using sterile swabs; two nasal 

swabs were collected (a swab per nasal cavity) . After collection , samples were placed 

in liquid Amies Transport Medium. The samples were then transported to the Animal 

Health Laboratory, North-West University on an icebox. Upon arrival , nasal swabs 

samples were stored at -80°C until further analysis. 
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4. 2.3 MEDIA PREPARATION 

All media obtained as dehydrated powders were rehydrated according to the 

manufacturer's instructions. Then the media were sterilized using the autoclave 

(Vertical Type Steam Sterilizer) at 15 lb pressure for 15 minutes. 

4. 2.3.1 PEPTONE WATER BUFFERED 

Buffered peptone medium was obtained from Merck (HG000C134.500, Batch 

1046678, Modderfontein 1645, South Africa) . The composition of the medium was 

peptone (10 g/I) , sodium chloride (5 g/I) ; di-sodium phosphate (3.5 g/I) , potassium di

hydrogen phosphate (1 .5 g/I) . The medium was prepared according to the 

manufacturer instructions and was adjusted to pH 7.0 ± 0.2 at 25°C. The medium was 

mixed and 10 ml each was distributed into capped test tubes. The test tubes were then 

sterilized using steam at 121 °C for 15 minutes using the autoclave and cooled to 25°C 

before use. 

4. 2.3.2 NUTRIENT BROTH 

Nutrient medium used was composed of meat extract (1 g/I) , yeast extract (2 g/I) , 

peptone (5 g/I) , sodium chloride (8 g/I) and adjusted to pH 7.1 ± 0.2 at 25 °C. The 

media was prepared according to the manufacturer's instructions. Before use, the 

medium was sterilized in an autoclave at 121 °C for 15 minutes and then was allowed 

to cool prior to use at room temperature. The medium was obtained from Merck 

(HG000C24.500, Batch 1047023; Modderfontein, 1645, South Africa). 

4. 2.3.3 NUTRIENT AGAR 

Nutrient agar was composed of meat extract (1 g/I) , peptone (5 g/I) , yeast extract (2 

g/I) , sodium chloride (8 g/I) , agar (15 g/I) and adjusted to a final pH of 7.1 ± 0.2 at 25 

°C. The medium was prepared according to the manufacturer's instructions. The 

mixed solution was then heated by gentle agitation and boiled until it was completely 

dissolved. The medium was sterilized at 121 °C for 15 minutes, and was allowed to 

cool at room temperature prior to pouring into sterile Petri dishes. The media were left 

at room temperature for two-three hours to solidify. The media was obtained from 

Merck (HG0000C1 .500, Batch 1039369; Modderfontein, 1645 South Africa) . 
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4. 2.3.4 MACCONKEY AGAR 

The medium was composed of peptone (20 g/I) , lactose (10 g/I) , bile salts (no. 21 .5), 

sodium chloride (5 g/I) , crystal violet (0.001 g/I), and agar (15g/l) and was adjusted to 

a pH of 7.2 ± 0.2 at 25 °C. The medium was prepared according to the manufacturer's 

instructions. Briefly, 51 .6 g of the powdered medium was suspended in 1 liter of 

distilled water and boiled until the powder was dissolved completely and then the 

medium was sterilized using autoclave at 121 °C for 15 minutes and cooled to room 

temperature. The medium was poured into sterile Petri dishes. The plates were left at 

room temperature for two-three hours for the medium to solidify. This medium was 

obtained from Acumedia Lab (LOT: 143771/043; Neogen, UK). 

4. 2.3.5 BLOOD AGAR BASE 

The medium was composed of lab-lemco powder (10 g/I) , peptone (10 g/I) , sodium 

chloride (5 g/I), agar (15 g/I) and was adjusted to a pH of 7.3 ± 0.2 at 25 °C. The 

medium was prepared according to the manufacturer's instructions. Briefly, 40 g of the 

powdered medium was suspended into 1 liter of distilled water. The medium was 

boiled to dissolve completely followed by sterilization in an autoclave at 121 °C for 15 

minutes and cooled to 45 °C-50 °C, then 7% of sterile defibrinated blood was added, 

homogenised before pouring into sterile Petri dishes. The plates were left at room 

temperature for two-three hours for solidification. The medium was obtained from 

OXOID (CM0055, LOT: 2221882; UK). 

4. 2.4 ENRICHMENT IN A NON-SELECTIVE MEDIUM 

Buffered Peptone Water broth medium was used for enrichment. Nasal swabs were 

transferred into bottles containing Buffered Peptone Water and the suspensions were 

incubated at 37 °C for 24 hours. 

4. 2.5 BACTERIAL ISOLATION USING NON-SELECTIVE AND SELECTIVE 

MEDIA 

The protocols of Gabinaitiene et al. (2011) and Garcia et al. (2013) were utilised for 

the cultivation of bacteria with some minor changes. Briefly, swabs collected from 

cattle showing respiratory signs were enriched in peptone water and incubated at 37°C 

for 24 hours aerobically, then they were inoculated into blood agar plates, Nutrient 

agar plates, and MacConkey plates. The plates were aerobically incubated at 37 °C 
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for 24 hours to allow growth. Bacterial colonies that showed different morphologica l 

characteristics on Blood agar, MacConkey plates, and Nutrient agar plates after 

incubation were selected and then purified by sub-culturing on fresh media plates and 

incubated again for 24 hours at 37 °C. 

4. 2.6 IDENTIFICATION OF BACTERIA: 

Phenotypic Identification 

In morphological analysis , macroscopic (morphology), and microscopic (Gram 

reaction) features of bacterial isolates were studied . 

4. 2.6.1 GRAM STAINING: 

The fixed samples were gram stained according to the method as described by 

Cruickshank (1973). Briefly; bacterial smears were prepared by mixing 24 hours old 

cultures with sterile saline on a sterile microscopic slide. Using forceps , the sl ides were 

heat fixed by passing them over a flame for few times. Then the heat-fixed smears 

were flooded for one minute with crystal violet staining reagent. The slides were rinsed 

gentle with distilled water for two seconds then flooded with the mordant (iodine) for 

one minute. The slides were rinsed gently with distilled water for two seconds. After 

the sl ides were flooded in decolorizing agent (95% alcohol) for 10-15 seconds, 

followed by rinsing with sterile running tap water. Finally, a few drops of safranin 

solution were used to counterstain the smear on the glass slides and the sl ides were 

allowed to stand for a minute, then the slide was washed in running tap water, blotted 

and dried in air. The stained and air dried slide was then placed under the microscope 

and viewed with the 1 00x oil immersion objective of an Axio star plus, light microscope 

(Axio star plus, Serial. 3108001956). 

Gram - positive bacteria stain blue / purple while Gram - negative bacteria stained 

pink. In addition, each isolate was recorded as being Gram negative or positive, 

coccobacilli , bacilli or cocci . 

4. 2.6.2 BIOCHEMICAL IDENTIFICATION OF ISOLATES 

Biochemical tests were used to identify bacterial species based on differences in their 

biochemical activities (Hem raj et al. , 2013) . Two conventional biochemical tests such 
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as catalase and oxidase tests were carried out for bacterial screening (Carroll and 

Weinstein , 2007). 

4. 2.6.2.1 CAT ALASE TEST 

The catalase test was used to detect the enzyme catalase in bacteria (Hemraj et al., 

2013). Briefly, cell pellets of overnight grown pure colonies of bacterial cultures were 

picked up using a sterile loop, placed on a sterile microscopic sl ide, and then mixed 

with a drop of three percent hydrogen peroxide solution. After a few seconds, the 

production of gas bubbles indicated the bacteria as positive catalase while the 

absence of gas bubbles was regarded as negative. 

4. 2.6.2.2 OXIDASE TEST 

The oxidase test was used to identify bacteria producing cytochrome c oxidase, an 

enzyme involved in the electron transport chain of bacteria (Hem raj et al., 2013) . All 

oxidase - positive bacteria are aerobic and can use oxygen in respiration as a terminal 

electron acceptor. A piece of filter paper was soaked in oxidase reagent, and then 

pure bacterial culture were picked up using a sterile loop placed onto treated filter 

paper. Colour change to dark purple within 5-10 seconds was considered as oxidase 

positive. In 10 to 60 seconds, a delayed positive result can appear. No change of 

colour was interpreted as a negative. 

4. 2.7 MOLECULAR IDENTIFICATION OF BACTERIAL ISOLATES 

Pure cultures of each bacterium were transferred in nutrient broth before DNA 

extraction. The inoculated broth medium was incubated for 24 hours at 37 °C in 

shaking incubator (200 rpm). The broth media were centrifuged at 14 000 rpm for a 

minute after incubation. The pellets were used for DNA extraction, while the 

supernatants were decanted. 

4. 2.7.1 DNA EXTRACTION 

DNA was extracted using the commercially Quick-DNA TM Fungal/Bacterial Miniprep 

Kit (ZYMO Research, lnqaba biotechnology, cat. NO: 06005) as indicated in the 

manufacturer's protocol. Briefly, cell pellets of overnight grown bacteria cu lture were 

suspended in 750 µL lysis solution and the tubes (2ml) were secured in a bead beater. 

Disruption was done using a disruptor beater (Disruptor Genie™) for 20 minutes. Then 
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ZR Bashing Bead™ Lysis tube (0.1 & 0.5 mm) were centrifuged in a micro centrifuge 

at 10 000 x g for one minute. A total of 400 µL of supernatant was transferred to Zymo

Spin TM IV Spin Filter in a collection tube and centrifuged at 7 000 x g for one minute. 

Then 1 200 µL of Genomic Lysis Buffer was added to the filtrate in the collection tube 

from the step above. Approximately 800 µL of the mixture was transferred to Zymo

Spin™ IIC Column 3 in a collection tube and centrifuge at 10 000 x g for one minute. 

Flow through was discarded from the collection tube. Then 200 µL of DNA Pre-Wash 

Buffer was added to Zymo-Spin TM I IC Column in a new collection tube and centrifuged 

at 10 000 x g for one minute. A DNA wash buffer (500 µL) was added to the mixture 

in the new collection tube (Zymo-spin IICTM) and the preparation was centrifuged at 

10 000 rpm for one minute. Finally, 100 µL of DNA elution buffer was added to elute 

the DNA in a sterile 1.5 ml micro-centrifuge tube. The extracted DNA was kept at -

80°C prior to use. 

4. 2.7.2 POLYMERASE CHAIN REACTION AMPLIFICATION 

A thermal cycler (Bio - Rad T100TM thermal cycler, Singapore) was used to amplify 

.... the 16S rDNA gene using polymerase chain reaction. A 25 µL reaction volume 

containing : 10 µL PCR Master Mix, 8 µL nuclease free water, 5 µL DNA template, 1 

µL reverse primer and 1 µL forward primer were prepared and mixed on ice in PCR 

tubes (Ngoma et al., 2013; Ngoma et al. , 2014). The following specific primers were 

used for each bacterial isolate. These primers were commercially synthesised at 

lnqaba Biotechnical Industrial (Pty) Ltd (Pretoria , South Africa) . 

For P. multocida, the forward primer, KMT-1SP6, with the sequence 5'-GCT GTA MC 

GM CTC GCCC-3' and the reverse primer, KMT-1T1 , having the sequence 5'-ATC 

CGC TAT TTA CCC AGT GG -3' , were used. The anticipated amplicon size was 460 

bp long. Thermocycler program was as follows: initial denaturation at 95 °C for 3 

minutes, followed by 30 cycles of denaturation at 95 °C for 60 seconds, annealing at 

48 °C for 60 seconds, extension at 72 °C for 30 seconds and final hold at 4 °C. 

(Deressa et al. , 2010) . 

For M. haemolytica, the forward primer LKTF, with the sequence 5'- GCA GGA GGT 

GAT TAT TM AGT GG-3' and the reverse primer, LKTR, with the sequence 5'-CAG 

CAG TTA TTG TCA TAC CTG MC -3' were used. The expected amplicon was 304 

bp long. The thermocycler program was performed as follows: an initial denaturation 
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at 95 °C for 15 min, followed by 40 cycles of denaturation at 94 °C for 30 seconds, 

annealing at 60 °C for 30 seconds and extension at 72 °c for 30 seconds and final 

extension of 72 °C for 10 minutes' and final hold at 4 °C (Alexander et al., 2008). 

For H. somni the forward primer HSF has a sequence of 5'-GAA GGC GAT TAG TTT 

AAG AG -3' and the reverse primer HSR 5'-ACT CGA CGT CAG TAT CTTC -3' were 

used. The anticipated amplicon size was 313 bp long. The thermocycler profile was 

performed as follow: initial denaturation at 94 °C for 2 minutes, followed by 35 cycles 

of denaturation at 94 °C for 30 seconds, annealing at 55 °C for 30 seconds, extension 

at 72 °C for 60 seconds, final extension of 72 °C for 6 minutes and hold at 4 °C 

(Moustacas et al., 2013) . 

4. 2.7.3 AGAROSE GEL ELECTROPHORESIS 

PCR products were run in an electrophoresis unit using the methods described by 

Ngoma et al. (2013) . In this process, 100 g of agarose gel was weighed and dissolved 

in 100 ml of sterile DNA-free water to which 10 ml of TAE buffer (1x solution) was 

added. The solution was dissolved and heated in a microwave oven for about 5 

minutes; the gel was allowed to cool to about 40 °C and ethidium bromide 0, 5 ml was 

added for the purposes of visualizing the nucleic acids. The agarose gel was cast and 

allowed to set. After the gel had set inside the electrophoresis chamber, 5 µL DNA and 

5 µL of 6X DNA loading dye were mixed and transferred to the wells in the 

electrophoresis tank. In addition , a 1 kb DNA ladder (Life sciences®, Southern Cross 

Biotechnology, South Africa) was used in the first well of the agarose gel to determine 

the molecular weight of amplicons. Electrophoresis was run at 80 volts, 400 MA for 30 

minutes. The gel was then visualized and photographed under UV light at 420 nm 

wavelength using an lmager ® Gel DOC™ XR+with Image Lab™ Software (Bio-Rad . 

USA). The presence of a single bright band (DNA bands) for each sample indicated a 

successful amplification. Positive amplified samples were sent for gene sequencing at 

lnqaba, Pretoria's Biotechnology Industry Pty. 

4.2.7.4 DNA SEQUENCING 

The sequences and chromatograms were observed with Bio-systems; forward and 

reverse sequences were compared and cleaned using Flinch Tv version 8.0. BLAST 

program tools on the National Centre for Biotechnological Information were employed 
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to seek similarities of sequences (Ngoma et al., 2013). The sequences with highest 

similarities to the sequenced samples were analysed and aligned with the Clustal W 

via Bio-edit software. Gaps were deleted and aligned sequences were evaluated for 

similarity and accession numbers were obtained for all isolates using the NCBI 

platform (Ngoma et al. , 2013). 

4. 2.8 CONSTRUCTION OF PHYLOGENETIC TREE 

The neighbour-joining (NJ) trees were obtained using Likelihood method. Based on 

the Maximum Likelihood method and the Jukes-Cantor model (Jukes et al. , 1969) , the 

evolutionary history was inferred. The tree with the highest log likelihood (-62318.35) 

is shown. Initial tree(s) for the heuristic search were obtained automatically by applying 

Neighbour-Join and Bio NJ algorithms to a matrix of pairwise distances estimated 

using the Maximum Composite Likelihood (MCL) approach, and then selecting the 

topology with superior log likelihood value. The tree was drawn to scale, with branch 

lengths measured in the number of substitutions per site. This analysis involved 93 

nucleotide sequences. Codon positions included were 1 st+2nd+3rd+Noncoding . 

There were a total of 999 positions in the final dataset. Evolutionary analyses were 

conducted using MEGA X (Kumar et al. , 2018) . 

4. 2.9 ANALYSIS OF DAT A 

Raw data were entered into Microsoft Excel and were analysed using SPSS version 

15 software. Pie charts was used to interpret the prevalence of isolated bacteria for 

each location. In addition, the chi-square test of association was used to determine 

the relationship between the following pairs of variables: location and the prevalence 

of bovine respiratory infection, and the isolates, and between the location and the 

strains. A p-value less than the significance level of 0.05 was deemed to indicate a 

significant association between the variables. 
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4.3 RESULTS 

Gram staining and biochemical results of bacterial isolates from specimens of cattle 

showing sign of respiratory distress are summarised in Appendix 2. Following 

conventional and biochemical tests , the results showed that a total of 63 bacterial 

isolates showed differences in the phenotypic characteristics. These isolates were 

partially sequenced with the 16S-rDNA gene using polymerase chain reaction for 

phylogenetic analysis. The amplification of the 16S region of the isolates produced a 

460 , 304 , and a 313 bp product as shown in Figures 4.1- 4.3. 

460 bp 

Figure 4. 1: Gel electrophoresis pattern of PCR products for P. multocida bacterial 
isolates. Keys : L represents the 1 kb ladder while numbers 1-19 represents different 

isolates . 

304 bp 

Figure 4. 2: Gel electrophoresis pattern of PCR products for M. haemolytica 
bacterial isolates. Keys: L represents 1 kb ladder while lanes 20-37 represents 

different isolates. 

65 



38 39 40 41 42 43 44 45 46 47 48 49 50 51 L 

-- r---- ..... 313 bp 

Figure 4. 3: Gel electrophoresis pattern of PCR products for H. somni bacterial 
isolates. Keys : L represent 1 kb ladder while lanes 38-51 represents different 

isolates. 

The predominant isolated bacteria strains in the examined nasal samples are 

presented in Appendix 3. The BLAST results for the 16S region showed that 63 

isolates from the nasal swab samples had 80-100% similarity to previously known 

strains in the gene bank and are as shown in Table 4.1. 

Table 4. 1: Identit ies of isolated microorganism from col lected samples. 

SIN Sample ID Reference from NCBI database Percentage Access ion 
Simila rity(%) Number 

1 MFK1 Clostridium pasteurianum 88% CP01 3019.1 
2 MFK2 Enterobacter cancerogenus 83% CP025225.1 
3 MFK3 Corynebacterium callunae 100% CP004354.1 
4 MFK4 Escherichia coli 99% LR 134311 .1 
5 MFK5 Escherichia coli 99% LR134226.1 
6 MFK6 Shigella dysenteriae 83% CP026824.1 
7 MFK7 Escherichia coli O 145 99% CP028379.1 
8 MFK8 Escherichia coli 99% LR134311 .1 
9 MFK9 Escherichia coli 99% LR134311 .1 
10 MFK10 Escherichia coli 0145 98% CP028379 .1 
11 MFK11 Shigella dysenteriae 95% CP026824.1 
12 MFK12 Escherichia coli 99% LR134234.1 
13 MFK13 Escherichia coli O 145 98% CP028379.1 
14 MFK14 Shigella dysenteriae 95% CP026824.1 
15 MFK15 Listeria welshimeri 98% L T906444.1 
16 MFK16 Escherichia coli 99% LR134226.1 
17 MFK17 Escherichia coli 99% LR134226 .1 
18 MFK18 Escherichia coli 99% CP033401 .1 
19 MFK19 Escherichia coli 99% CP018770.2 
20 MFK20 Escherichia coli 99% CP028379.1 
21 MFK21 Enterococcus casseliflavus EC20 96% CP004856.1 
22 MFK22 Escherichia coli 99% LR134234.1 
23 MFK23 Escherichia coli 97% LR134315.1 
24 MFK24 Escherichia coli 99% LR134311 .1 
25 MFK25 Listeria welshimeri 98% LT906444 .1 
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26 MFK26 Neisseria 84% CP023429.1 
27 MFK27 Neisseria 84% CP023429.1 
28 MFK28 Escherichia coli 99% LR134234.1 
29 MFK29 Escherichia coli 99% LR134226.1 
30 MFK30 Escherichia coli 99% LR134311 .1 
31 MFK31 Escherichia coli 99% LR134225.1 
32 MFK32 Escherichia coli 99% LR134226.1 
33 MFK33 Escherichia coli 89% CP033401 .1 
34 MFK34 Escherichia coli 99% LR134234.1 
35 MFK35 Escherichia coli 99% LR134239.1 
36 MFK36 Escherichia coli 100% CP032936.1 
37 MFK37 Escherichia coli 100% CP032936.1 
38 MFK38 Kosakonia cowanii JCM 10956 = 97% CP019445.1 

DSM 18146 
39 MFK39 Escherichia coli 99% CP027579.1 
40 MFK40 Escherichia coli 99% CP024978.1 
41 MFK41 Escherichia coli 99% LR134311 .1 
42 MFK42 Escherichia coli 99% LM997171 .1 
43 MFK43 Escherichia coli 99% CP032936.1 
44 MFK44 Enterococcus casseliflavus 99% CP032739.1 
45 MFK45 Escherichia coli 100% LR134311 .1 
46 MFK46 Escherichia coli 97% CP010219.1 
47 MFK47 Escherichia coli 99% LR134311 .1 
48 MFK48 Escherichia coli 99% LR134311 .1 
49 MFK49 Escherichia coli 100% CP010122.1 
50 MFK50 Escherichia coli 95% LR134234.1 
51 MFK51 Escherichia coli 99% LR134311 .1 
52 MFK52 Escherichia coli 96% CP027457.1 
53 MFK53 Escherichia coli 97% CP022393.1 
54 MFK54 Enterococcus casseliflavus 99% CP032739.1 
55 MFK55 Escherichia coli 99% CP028379.1 
56 MFK56 Escherichia coli 99% CP032936.1 
73 MFK57 Escherichia coli 100% CP010219.1 
58 MFK58 Escherichia coli 97% CP010170.1 
59 MFK59 Escherichia coli 99% LR134080.1 
60 MFK60 Escherichia coli 100% LR134311.1 
61 MFK61 Escherichia coli 100% LR134311 .1 
62 MFK62 Escherichia coli 99% LR134311 .1 
63 MFK63 Escherichia coli 99% CP015995.1 

As shown in Figure 4.4 , Escherichia coli (73.02%) had the highest percentage of 

occurrence among the isolates found in nasal samples of cattle population. This was 

followed by Shigel/a dysenteriae (4.76%) and Escherichia coli 0145 (4.76%) 

respectively. The remaining isolates had less than 4% occurence; Listeria welshimeri 

(3.17%), Neisseria (3.17%), Enterococcus casseliflavus (3.17%), Enterobacter 
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cancerogenus (1.59%), Corynebacterium callunae (1 .59%) and Clostridium 

pasteurianum (1 .59%) and Kosakonia cowanii (1 .59%) . 

■ Clostridium pasteurianum 
■ Enterobacter cancerogenus 
0 Corynebacterium callunae 
■ Escherichia coli 
D Shigella dysenteriae 
■Escherichia coli 0 145 

Listeria welshimeri 
DEnterococcus casseliflavus EC20 
O Neisseria 
■Kosakon ia cowanii JCM 10956 = 

DSM 18146 
Enterococcus casseliflavus 

Figure 4. 4: Percentages of occurrence of bacteria isolated in this study 

In the current study, Escherichia coli was found in all eight locations (Lekung , 

Mogosane, Uplands, Ramatlabama (600) , Masutlhe , Moletsagongwe, Tontonyane 

and Buhrmansdrift) whereas Escherichia coli 0145 was isolated in only three locations 

(Mogosane , Moletsagongwe, and Ramatlabama (600) . Shigella dysenteriae , Listeria 

welshimeri and Enterococcus casse/if/avus were isolated only in samples obtained 

from two locations (Mogosane and Uplands). The remain ing isolates were found in 

samples from one locations , Clostridium pasteurianum (Uplands) , Enterobacter 

cancerogenus (Lekung) Corynebacterium callunae (Tontonyane) Enterococcus 

casseliflavus (Ramatlabama 600) Neisseria (Lekung) Kosakonia cowanii (Lekung) as 

shown in Figure 4.5. 
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The likelihood ratio- from the chi-square test of association shows that there was no 

statistical association between the locations and the bacteria strains (p-value > 0.05) 

(Figure 4.5 and Table 4.2). 

Table 4. 2: Relationship between the location and the strains 

Value df p-value 

Likelihood Ratio 56.820 70 .872 

The phylogenetic tree shows a picture of the relationships among the bacterial isolates 

(Figure 4.6) . The percentage of tree in which the associated taxa clustered together 

to the branches is shown in Figure 4.6. 
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Figure 4. 6: Evolutionary relationships of bacterial isolates obtained from the nasal 
swabs and other closely related species from the GenBank based on the 16S region 
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4.4 DISCUSSION 

Mahikeng is among the Municipalities that has a large cattle population in the North 

West Province, South Africa. Therefore, there is clear interest on the health of the 

Mahikeng local municipality cattle herds. Information regarding the significance of 

BRO in the communal areas of Mahikeng local municipality is very limited. This is 

possibly because there are very few researchers' working on BRO, and perhaps 

researchers' belief that losses of cattle caused by BRO are not a problem in the 

communal area. 

Recent studies have demonstrated the presence of several bacterial communities 

such as H. somni, P. multocida, and M. haemolytica in the bovine nasopharynx, 

reporting that the potential pathogenic bacteria are common inhabitants of the upper 

respiratory tract in cattle (Holman et al., 2015; Lima et al., 2016; Nicola et al., 2017) . 

Nevertheless, in this study molecular analysis showed that these isolates (H. somni, 

P. multocida, and M. haemolytica) were not isolated in nasal discharge samples 

collected in Mahikeng local municipality. This may be due to the media used in 

isolation, which were not specific enough and a selective enrichment media was not 

used . Also, the lack of chocolate agar and 5% CO2 incubation could not enable the 

isolation of H. somni. 

Most of the bacterial isolates found in this study belong to the family 

Enterobacteriaecae. The following isolates were found in samples collected from cattle 

showing symptoms of respiratory distress: E. coli, S. dysenteriae, E. coli 0145, L. 

welshimeri, Neisseria, E. casseliflavus, E. cancerogenus, C. callunae, K. cowanii and 

E. casseliflavus EC20. 

These findings are in agreement with those made by Fran<;a Dias de Oliveira et al. 

(2016) who reported obtaining similar bacterial isolates of E. coli, Bacillus spp., 

Pseudomonas aeruginosa, Streptococcus, E. coli, Staphylococcus spp., and 

Klebsiella spp. Benesi et al. (2013) have also found similar microbiological profile in 

calves with bronchopneumonia, reporting the presence of Bacillus spp., Streptococcus 

spp., Staphylococcus spp., Klebsiella spp. Pseudomonas aeruginosa and E. coli. 

Hartel et al. (2004) were unable to detect M. haemolytica and M. bovis in BRO samples 

in Finland . Elshafee (2003) found Bacillus spp., Staphylococcus spp., Escherichia 

spp., Serratia spp. , Enterobacter spp ., and Pseudomonas spp. in cattle with infection 
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of the lungs. A probable explanation for this finding is that most of the mentioned 

bacteria are found in the environment and could be inhaled by cattle and could enter 

both the upper and lower respiratory tracts. 

In the study conducted by Asian et al. (2002) on microbiological examination of the 

BAL samples from calves suffering from respiratory infections, M. haemolytica had the 

highest isolation rate (25%) compared to other bacterial isolates, namely Klebsiel!a 

pneumonia (20%) , Actinomyces pyogenes (15%) , haemolytic streptococci (10%) , 

Staphylococcous spp. (5%) , E. coli (5%), and Aspergillus spp. (5%) . 

These results were also in agreement with results obtained by Ozkanlar et al. (2012) 

who reported the isolation and identification of M. haemolytica, P. multocida, a

haemolytic Streptococcous and coagulase-negative Streptococcous, Bacillus spp., 

Neisseria spp., E. coli, Staphylococcous aureus (S. aureus), Haemophilus spp., 

Morexella spp, and Pseudomonas spp. in nasal discharge samples of bovine suffering 

of BRO infection. Sayyari and Sharma (2011) also reported that Pasteurel!a spp, S. 

aureus, Pseudomonous cuosis, Arcanobacterium pyogens, E. coli and Proteus spp 

were isolated from buffaloes with purulent bronchopneumonia. 

In the current study, E. coli (73.02%) were the most prevalent bacteria isolated from 

the nasal discharge. The remaining isolates obtained were less than 4% , which is not 

surprising since E. coli is a large and diverse group of bacteria found in the 

environment, foods , and intestines of humans and animals. The pathogen causes 

diarrhoea, urinary tract infections, respiratory illness and pneumonia (Kaper et al., 

2004) . Study conducted by Ouchriah et al. (2015) shows that E. coli (31 .95%) was 

predominant among bacterial strains isolated from new-born calves in the abbatoir of 

Batna (Algeria) , and also demonstrated that this pathogen is an important cause of 

early infection and describes it as a frequent causative agent of pneumonia in calves. 

Abd-EI-Kaliek et al. (2013) demonstrated the presence of Klebsiel!a pneumoniae in 

respiratory disorders of all domestic animals. 

In the current study, it was hypothesised that E. coli could play a crucial role in the 

infection of cattle herd. It is being also suggested that pathogenic viruses help 

opportunistic bacteria (E. coli) and others bacterial isolates to take advantages of a 

suppressed immune system of the cattle and invade into the respiratory tract to cause 

infection. 
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In this study, the results described the bacterial isolates found in nasal discharge 

samples collected from cattle associated with BRO in rural settlements of Mahikeng 

local municipality. Escherichia coli was the most prevalent. Important bacteria such 

as, M. haemolytica , M. bovis and P. multocida were not detected. Even though these 

bacteria were not isolated , their presence cannot be neglected, since co-infections can 

occur. The effects of respiratory diseases are very serious: these include loss of 

production and retardation of growth. The farmers must strongly be encouraged to 

practice control measures based on prevention, early detection of causative agent and 

effective treatment. 
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CHAPTER 5 

ANTIBIOGRAM PROFILE OF BRD ASSOCIATED BACTERIAL 
ISOLATES 

5.1 INTRODUCTION 

Antibiotics are primarily known as substances that are produced by certain 

microorganisms that could hinder the growth of other microorganisms. They have 

been broadly used in human and veterinary medicine, agricultural production and food 

processing and have been essential for protecting animals and human health against 

diseases. There are several antibiotics that have been discovered, more than five 

thousand antibiotics have been discovered and hundreds of them are actively used to 

treat human and animal infections (Khardori , 2006). Many antibiotics are widely used 

in agriculture , particularly in food animal production, for either treatment of disease or 

as prophylactics to prevent and limit the spread of diseases as well as growth 

promoters in production (Klima et al., 2014). Antibiotics can also be bacteriostatic 

where they inhibit the further proliferation of susceptible bacterial cells without actually 

killing them. 

Antimicrobial empirical use is vital for the prevention and treatment of infectious 

bacterial pathogens (Checkley et al., 2010). There is evidence that the antimicrobials 

often used to manage these pathogens are decreasing in efficacy (Portis et al., 2012; 

Noyes et al., 2015) . Poor response to antimicrobial therapy threatens the health and 

well-being of livestock, increases production costs , the excessive use of antimicrobials 

may contribute to the spread of antimicrobial-resistant genes in cattle herds and the 

environment (Holman et al., 2015) . Antibiotic resistance has continued to increase, 

putting future animal disease management in real danger. Rural areas in developing 

countries are characterised by widespread of indiscriminate use of antibiotics where 

"third - generation" antibiotics are not readily available or affordable, making them the 

most affected (Adesokan et al., 2014) . 

A number of bacterial species such as E. coli, Listeria, Clostridium, Campylobacter, 

Staphylococcus, Bacillus and Salmonella have shown emerging resistance to most of 

the antibiotics (Nyenje and Ndip, 2013). Staphylococcus species are resistant to most 

antibiotic drugs, except vancomycin, which is considered the last hope in antimicrobial , 
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use (Doyle et al. , 2013) . Escherichia coli on the other hand is known for its genetic

material exchange with other bacterial species and the prevalence of beta-lactamase 

producing Escherichia coli is increasing and this bacterium has been identified in food

producing animals (Costa et al., 2010). Oh et al. (2018) found that Pasteurella 

multocida was resistant to sulphadimethoxine, oxytetracycline, chlortetracycline and 

florfenicol. 

Knowledge of the sensitivity of bacterial isolates to antimicrobials can help clinicians 

design effective therapy to improve animal health and welfare. The objective of this 

section of the study was to determine the antimicrobial sensitivity of bacterial isolates 

obtained from nasal swabs of bovines displaying BRO symptoms. 

5.2 METHODOLOGY 

5.2.1 ANTIMICROBIAL TEST 

A total of sixty-three (63) bacterial isolates from nasal discharge swab samples 

collected from cattle showing respiratory signs were identified using molecular 

approaches. After identification, the pathogen's profile of sensitivity to antibiotics were 

determined to suggest appropriate antibiotic for the treatment of BRO pathogens. 

5.2.2 MEDIA PREPARATION AND STORAGE 

Following the instructions of the manufacturer, the media used in this study were 

prepared and the preparation details are as follows: Mueller Hinton Agar (Acumedia 

Lab, Neogene, UK, lot: 147611/130) composed of Beef infusion solids (2 g/I), acid 

hydrolyzed casein (17.5 g/I), starch (1 .5 g/I) , agar N0.117 was adjusted to pH 7.3 ± 

0.1 at 25 °C. A total of 38 g of the powdered medium was suspended into a litre of 

distilled water, mixed thoroughly then boiled to completely dissolve the solid medium. 

The medium was sterilized using the autoclave (Vertical Type Steam Sterilizer) at 121 

°C for 15 minutes, and the medium was allowed to cool to below 47 °C in water bath. 

Following cooling the medium was dispensed into sterile Petri dishes. The plates were 

left at room temperature for two- three hours for media solidification. 

Previously screened and typed bacterial isolates were, subjected to antimicrobial 

sensitivity testing (Koser et al., 2012) . The test was carried out following the disc 

diffusion procedure ('?auer et al., 1966) according to the Clinical and Laboratory 

Standards Institute (CLSI , 2012) criteria. A total of six discs (Oxoid® Ltd ., Basingstoke, 
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Hampshire, England) impregnated with antimicrobial were used in this study. The 

corresponding concentrations of antibiotics used are as follows: Chloramphenicol 

(C30: 30 mcg), Oxytetracycline {OT30: 30 mcg), Gentamycin (CN10: 1 O mcg), 

Norfloxacin (NOR: 5 mcg), Penicillin G (P10: 10 iu) and Erythromycin (E5: 5 mcg). 

These antibiotics were selected due to their use in a previously study of bacterial load 

and antimicrobial profile of Escherichia coli and Listeria spp. (Adesokan et al. , 2014). 

The disc diffusion method which was previously reported by Bauer et al. (1966) was 

used in the study. A pure colony of the bacterial isolate from a fresh culture was 

inoculated into 10 ml of nutrient broth and then it was incubated for 24 hours at 37 

°C. After the incubation period, sterile cotton swabs were dipped into the broth of 

Mueller Hinton agar plates. Following inoculation, plates were allowed to dry for few 

minutes. Three antibiotic discs were carefully positioned and gently pressed onto the 

inoculated Mueller-Hinton agar into each plates. Thereafter, the plates were inverted 

and incubated under an aerobic condition at 37 °C for 24 hours. After incubation 

period, the plates were examined for zones of inhibition around the disc. The 

diameters of inhibition zones around the discs were measured in millimetre (mm) using 

a Vernier metal calliper (Cat No: 121-012-14). The results were interpreted as 

susceptible, intermediate or resistance following the guidelines prepared by the 

Clinical and Laboratory Standards Institute (CSL!) M100 guidelines 28th edition 

(Appendix 4). The antimicrobial sensitivity test was performed in triplicate and 

repeated at least three times. 

5.2.3 ANALYSIS OF DAT A 

The Statistical Package for Social Sciences (SPSS) for Windows version 25.0 was 

used for statistical analysis. Descriptive statistics using frequencies and percentages 

were employed in the analysis of data. Stacked bar charts were used to present the 

effects of each antibiotic on each bacterium. In addition, the chi-square test of 

association was used to determine the relationship between the following pairs of 

variables: antibiotic resistance and antibiotic, antibiotic resistance and the isolate. A p

value less than the significance level of 0.05 was deemed to indicate a significant 

association between the variables. 
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5.3 RESULTS 

The disc diffusion method (F igure 5.1) was used to determine sensitivity bacterial 

isolates (E. coli, Shigella dysenteriae , E. coli 0145, L. welshimeri, Neisseria , E. 

casseliflavus, E. cancerogenus, C. callunae , C. pasteurianum, K. cowani1) ' to 

antibiotics. Antibiotic profiling showed that 96.8% of the bacterial isolates were 

susceptible to CN10 followed by C30 (93 .7%) and NOR5 (87%), respectively, while , 

susceptibility was observed to OT30 (44.8%), E5 (38.1 %) and P (11 .8%). The isolates 

were resistant to P10 (88%) followed by E5 (23.8%) and OT30 (13 .8%) respectively 

(Figure 5.2) . However, a proportion of the iso lates also showed intermediate 

resistance to OT30 (41 .4%) followed by E5 (38.1 %) and NOR5 (7.9%) respectively. 

Figure 5. 1: Disc diffusion test on Mueller Hinton Agar plates for the isolates against 

C30, OT30, CN 10, NOR, P10 and E5. 

■ Resistant ■ Intermediate □Susceptible 

NOR5 P10 E5 OT30 CN10 C30 

Figure 5. 2: Percentages resistant, intermediate, and susceptibility of isolates to 

antib iotics. 
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The association between antibiotics and bacterial resistance was determined using 

Chi-square Test (Table 5.1 ). The Likelihood Ratio Chi-Square test results is as shown 

in Table 5.1. There was a statistically significance (p-value < 0.05) in the association 

between the antibiotic and antibiotic resistance. Furthermore, there was a relationship 

between antibiotic resistance and isolates as shown in Table 5.2. Figures 5.3 to 5.8 

present the resistance of bacteria to each antibiotic. E. coli (65%) was susceptible to 

NOR5 followed by E. coli 0145 (4.8%) and S. dysenteriae (4.8%), whereas a relatively 

very few number of isolates were intermediate (Figure 5.3) . 

Figure 5.4 shows that most of the E. coli (58.8%) were resistant to P10 followed by E. 

coli 0145 (11.8%) and L. welshimeri (5.9%), and only 2 isolates were susceptible to 

P10. However, none of the strains had intermediate resistance (Figure 5.4) . Figure 5.5 

shows that E. coli 0145 (28.6%) was intermediately susceptible to E5 followed by 

Clostridium (4.8%) and K. cowanii (4.8%). Susceptibility was observed for E. coli 

(28.6%) followed by E. coli 0145 (9.5%) respectively whereas relatively few isolates 

were resistant to the antibiotic. Antimicrobial susceptibility profiling revealed that E. 

coli displayed susceptibility to OT30 (31 %), whereas an equal number was recorded 

for which is resistant. On the other hand, few of the isolates were resistant to OT30 

(6.9%) (Figure 5.6) . Figure 5. 7 shows that all the E. coli (71.4%) were susceptible to 

CN10 whereas only two isolates were resistant to this antibiotic. Figure 5.8 shows that 

E. coli (69.8%) were susceptible to C30 followed by S. dysenteriae (4.8%) and K. 

cowanii (4.8%) whereas only three isolates were intermediate to this antibiotic. 

Table 5. 1: Association between antibiotic resistance and antibiotic 

Value df 

Association between antibiotic resistance and antibiotic Likelihood Ratio 148.758 10 

Table 5. 2: Significant association (p-value <0.05) between the antibiotic and bacteria 

isolates. 

P-value 

.000 

Value df P-value 

Association between antibiotic and the isolate Likelihood Ratio 31.456 18 .025 
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5.4 DISCUSSION 

The emerging rate of bacterial resistance to numerous antibiotics has become a global 

threat (Ventola, 2015). In this study, bacterial isolates were tested for their 

susceptibility to six antimicrobials, the results indicated that most of the species 

showed resistance to antibiotics such as NOR5 (87.3%), C30 (93.7%), CN (96.8%) 

P10 (88.2%) respectively, whereas 88.2% of isolates showed resistance to P. 

It was found that E. coli was susceptible to OT30 was 31 % while other isolates were 

resistant. McEwen et al. (2002) , Walsh (2003) , and Tadesse et al. , (2012) justified the 

increased trend of antibiotic resistance, reporting that the drug (OT30) has been used 

widely in animal production systems for the treatment and promotion of feed efficiency. 

Persistence of Oxytetracycline resistance has been reported in animal coliforms. A 

decade after it was no longer in use in feed or treatment (Langlois et al. , 1983) . In 

addition, Oxytetracycline was reported to be the most commonly used antibiotics in 

both communal and commercial farms in Mahikeng due to the fact that it is freely 

available over the counter. it has been detected in meat from farm animals (Ateba et 

al. , 2010). E. cancerogenus showed resistance against OT30. This result was in 

accordance with the report of Stock and Wiedmann, (2002) who reported the 

resistance of E. cancerogenus to tetracycline. 

The result of the antibiotic sensitivity studies showed that E. coli was resistant to P10 

while other isolates were susceptible. The probable justification for the higher 

resistance of bacterial organisms to the existing antibiotics is that Gram-negative 

bacteria are often resistant to antibiotics targeting peptidoglycan due to the small 

amount of peptidoglycan in their cell walls. The outer membrane of the cell prevents 

the passage of many antibiotics from reaching their intracellular targets. The results 

showed that 65.1 % of the E. coli were susceptible to NOR5 while a great proportion 

of the isolates were susceptible with less than 5%. However, other studies found that 

E. coli was effectively resistant to Norfloxacin (Islam et al. , 2016) . 

In this study, it was found that E. casselif/avus was susceptible to NOR5 and CN 10 

but resistant to OT30. This was in agreement with Xia et al. (2011) who reported that 

Enterococcus spp. exhibits remarkable and increasing intrinsic resistance to most 

antimicrobial agents such as semi-synthetic penicillins, cephalosporin , 
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aminoglycosides, clindamycin . chloramphenicol , erythromycin. lindamycin, 

tetracycline aminoglycosides, penicillins , fluoroquinolones and vancomycin. 

Shigella dysenteriae showed resistance to OT30 and C30. This agreed with the result 

obtained by Chopra and Roberts (2001) who stated that S. dysenteriae, was 

tetracycline-resistant bacterium, identified in 1953 and the first multidrug-resistant 

Shigella identified in 1955. Subsequently, the isolate was resistant to chloramphenicol 

and oxytetracycline. The study conducted by Kumarasamy et al. (2010) showed that 

Enterobacteriaceae are highly resistant to many classes of antibiotics and possibly 

advise on the end of treatment of Gram-negative infections with fluoroquinolones , 

aminoglycosides, and ~-lactams (the main classes of antibiotics used against gram

negatives) . 

In conclusion , the presence of antibiotic and multidrug resistant bacterial isolates is a 

serious problem. Therefore, the responsible authorities should take the necessary 

steps to control the indiscriminate and lengthy use of antibiotic in the area. Therefore, 

it is important to have regulations and guidelines on the use of antibiotics at country 

level. 
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CHAPTER 6 

STUDY CONCLUSION, RECOMMENATIONS AND LIMITATIONS. 

6.1 STUDY CONCLUSION 

Bovine respiratory disease (BRO) is a complex multifactorial disease distributed in 

cattle. This infection results from interaction of several factors (stress, immunity and 

the causative agents, which normally, are commensal occupiers in the respiratory 

system of susceptible cattle. 

The aim of this study was to detect the causative agents of BRO in Mahikeng local 

municipality, and also determine the antibiotic susceptibility of the bacterial pathogens. 

In this study, samples collected were limited to the population of cattle showing sign 

of respiratory distress in Mahikeng local municipality, more particularly in some 

communal areas. The frequency of seropositive results for the different tested viruses 

suggest possible roles played by BVOV, IBR and BPIV-3 in BRO in Mahikeng local 

municipality. In this local municipality, infectious viruses seemed to be more frequent 

whereas pathogenic bacteria such as M. haemolytica and P. multocida were not found . 

As a result, information obtained in this study indicates that BRO is present within 

cattle herds in Mahikeng communal area. Although this study was done on a limited 

cattle population, BRO has been already reported in other provinces of South Africa 

by different researchers (Scott et al., 2012) . 

It can be concluded that BVOV, IBR and BPIV-3 are responsible for most respiratory 

infections of BRO in cattle populations in Mahikeng local municipality. Therefore, it is 

crucial to properly design vaccination programs for prevention. 

In this study, the extent of E. coli isolated from cattle with respiratory distress was 

found to be extremely high. Nevertheless, data on this bacterium as the major 

causative agent of BRO is very limited, and its significance should not be disregarded 

because the pathogen may play secondary role in the aetiology of BRO. 

The antibiogram of isolated bacteria showed that some isolates were sensitive to 

CN10, C30 and NOR5, with moderate sensitivity showed against E5 and OT30. But 

majority of isolates were resistant to P10. This high prevalence of the bacterial 

resistance to antibiotic could be due to the misuse of antibiotics as a result of a lack of 

knowledge with regard to antimicrobial use and the possibilities of the development of 
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antibiotic-resistance (Ayukekbong et al., 201 7). Therefore, the government should 

regulate the usage of antibiotics, especially the drugs used routinely in human 

medicine. 

6.2 RECOMMENATIONS 

Based on the current findings, State Veterinarians should pay regular visits to the 

communal farms to educate, and advice on prophylactic measures of BRO. With 

regard to the use of antimicrobials in communal farms, the habit of farmers 

administering antimicrobials without consulting with the veterinarians should be 

discouraged. The government should review the pol icy allowing the availability of 

antimicrobials without prescription (over the count) in order to minimize the use of 

antimicrobials in smallholder farms. 

6.3 LIMITATIONS 

In the current study, samples were collected during outreach programs on cattle 

showing symptoms of respiratory distress, and cases reported at the NWU Animal 

Clinic. Therefore, the number of samples collected was lower than expected. 

Furthermore, the isolation of M. bovis and detection of BRSV could not be done due 

to limited availability of specific media and serology kit. 
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Appendix 2: Preliminarily results based on biochemical tests 

Sample Biochemical Tests Possible organism 

ID Gram staining Catalase Oxidase 

MFK1 +ve, straight rods and -ve -ve Clostridium sp 

curved 

MFK2 -ve, straight rods +ve -ve Enterobacter sp 
MFK3 +ve,rods, straight and +ve -ve Corynebacterium sp 

slightly curved 

MFK4 -ve, straight rods +ve -ve Escherichia coli 

MFKS -ve, straight rods +ve -ve Escherichia coli 

MFK6 -ve, straight rods +ve -ve Shigella sp 
MFK7 -ve, straight rods +ve -ve Escherichia coli 

MFK8 -ve, straight rods +ve -ve Escherichia coli 

MFK9 -ve, straight rods +ve -ve Escherichia coli 

MFK10 -ve, straight rods +ve -ve Escherichia coli 

MFK11 Shigella 

MFK12 -ve, straight rods +ve -ve Escherichia coli 

MFK13 -ve, straight rods +ve -ve Escherichia coli 

MFK14 -ve, straight rods +ve -ve Shigella sp 

MFK15 +ve, straight rods and +ve -ve Listeria welshimeri 

rounded ends 

MFK16 -ve, straight rods +ve -ve Escherichia coli 

MFK17 -ve, straight rods +ve -ve Escherichia coli 

MFK18 -ve, straight rods +ve -ve Escherichia coli 

MFK19 -ve, straight rods +ve -ve Escherichia coli 

MFK20 -ve, straight rods +ve -ve Escherichia coli 

MFK21 +ve,diplococci -ve -ve Enterococcus 
casselif/avus 

MFK22 -ve, straight rods +ve -ve Escherichia coli 

MFK23 -ve, straight rods +ve -ve Escherichia coli 

MFK24 -ve, straight rods +ve -ve Escherichia coli 
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MFK25 +ve, straight rods and +ve -ve Listeria welshimeri 

rounded ends 

MFK26 -ve,diplococci +ve +ve Neisseria 

MFK27 -ve,diplococci +ve +ve Neisseria 

MFK28 -ve, straight rods +ve -ve Escherichia coli 

MFK29 -ve, straight rods +ve -ve Escherichia coli 

MFK30 -ve, straight rods +ve -ve Escherichia coli 

MFK31 -ve, straight rods +ve -ve Escherichia coli 

MFK32 -ve, straight rods +ve -ve Escherichia coli 

MFK33 -ve, straight rods +ve -ve Escherichia coli 

MFK34 -ve, straight rods +ve -ve Escherichia coli 

MFK35 -ve, straight rods +ve -ve Escherichia coli 

MFK36 -ve, straight rods +ve -ve Escherichia coli 

MFK37 -ve, straight rods +ve -ve Escherichia coli 

MFK38 -ve, straight rods +ve -ve Enterobacter sp 
MFK39 -ve, straight rods +ve -ve Escherichia coli 

MFK40 -ve, straight rods +ve -ve Escherichia coli 

MFK41 -ve, straight rods +ve -ve Escherichia coli 

MFK42 -ve, straight rods +ve -ve Escherichia coli 

MFK43 -ve, straight rods +ve -ve Escherichia coli 

MFK44 +ve,diplococci -ve -ve Enterococcus 
casseliflavus 

MFK45 -ve, straight rods +ve -ve Escherichia coli 

MFK46 -ve, straight rods +ve -ve Escherichia coli 

MFK47 -ve, straight rods +ve -ve Escherichia coli 

MFK48 -ve, straight rods +ve -ve Escherichia coli 

MFK49 -ve, straight rods +ve -ve Escherichia coli 

MFK50 -ve, straight rods +ve -ve Escherichia coli 

MFK51 -ve, straight rods +ve -ve Escherichia coli 

MFK52 -ve, straight rods +ve -ve Escherichia coli 

MFK53 -ve, straight rods +ve -ve Escherichia coli 

MFK54 +ve,diplococci -ve -ve Enterococcus 
casseliflavus 

MFK55 -ve, straight rods +ve -ve Escherichia coli 

MFK56 -ve, straight rods +ve -ve Escherichia coli 
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MFK57 -ve, straight rods +ve -ve Escherichia coli 

MFK58 -ve, straight rods +ve -ve Escherichia coli 

MFK59 -ve, straight rods +ve -ve Escherichia coli 

MFK60 -ve, straight rods +ve -ve Escherichia coli 

MFK61 -ve, straight rods +ve -ve Escherichia coli 

MFK62 -ve, straight rods +ve -ve Escherichia coli 

MFK63 -ve, straight rods +ve -ve Escherichia coli 

-ve=negative, +ve=positive 
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Appendix 3: Bacterial isolates from this study (63 isolates) 

S/N Sample ID Bacterial isolates 

1 MFK1 Clostridium pasteurianum 
2 MFK2 Enterobacter cancerogenus 
3 MFK3 Corynebacterium callunae 
4 MFK4 Escherichia coli 
5 MFK5 Escherichia coli 
6 MFK6 Shigel/a dysenteriae 
7 MFK7 Escherichia coli 0145 
8 MFK8 Escherichia coli 
9 MFK9 Escherichia coli 
10 MFK10 Escherichia coli 0145 
11 MFK1 1 Shigella dysenteriae 
12 MFK12 Escherichia coli 
13 MFK13 Escherichia coli 0145 
14 MFK14 Shigel/a dysenteriae 
15 MFK15 Listeria welshimeri 
16 MFK16 Escherichia coli 
17 MFK17 Escherichia coli 
18 MFK18 Escherichia coli 
19 MFK19 Escherichia coli 
20 MFK20 Escherichia coli 
21 MFK21 Enterococcus casseliflavus EC20 
22 MFK22 Escherichia coli 
23 MFK23 Escherichia coli 
24 MFK24 Escherichia coli 
25 MFK25 Listeria welshimeri 
26 MFK26 Neisseria 
27 MFK27 Neisseria 
28 MFK28 Escherichia coli 
29 MFK29 Escherichia coli 
30 MFK30 Escherichia coli 
31 MFK31 Escherichia coli 
32 MFK32 Escherichia coli 
33 MFK33 Escherichia coli 
34 MFK34 Escherichia coli 
35 MFK35 Escherichia coli 
36 MFK36 Escherichia coli 
37 MFK37 Escherichia coli 
38 MFK38 Kosakonia cowanii JCM 10956 = DSM 

18146 
39 MFK39 Escherichia coli 
40 MFK40 Escherichia coli 
41 MFK41 Escherichia coli 
42 MFK42 Escherichia coli 
43 MFK43 Escherichia coli 
44 MFK44 Enterococcus casseliflavus 
45 MFK45 Escherichia coli 
46 MFK46 Escherichia coli 
47 MFK47 Escherichia coli 
48 MFK48 Escherichia coli 
49 MFK49 Escherichia coli 
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50 MFK50 Escherichia coli 
51 MFK51 Escherichia coli 
52 MFK52 Escherichia coli 
53 MFK53 Escherichia coli 
54 MFK54 Enterococcus casseliflavus 
55 MFK55 Escherichia coli 
56 MFK56 Escherichia coli 
73 MFK57 Escherichia coli 
58 MFK58 Escherichia coli 
59 MFK59 Escherichia coli 
60 MFK60 Escherichia coli 
61 MFK61 Escherichia coli 
62 MFK62 Escherichia coli 
63 MFK63 Escherichia coli 
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Appendix 4: Antibiotics resistance according to the Clinical Laboratory 
Institute 

Antibiotics Abbreviation Antibiotic Zone diameter, Breakpoints 

concentration Nearest whole 

(Disc/ mg) Mm 

Resistance Intermediate Susceptible 

(R) (I) (S) 

Norfloxacin NOR5 5mcg $ 12 13-16 ~ 17 

Penicillin G P10 10ui $ 28 ~ 29 

Erythromycin E5 15mcg $13 14-22 ~ 23 

Oxytetracycli ne OT30 30mcg $ 14 15-18 ~19 

Gentamicin CN10 10mcg $ 12 13-14 ~ 15 

Chloramphenicol C30 30mcg $ 12 13-17 ~ 18 
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