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                                                                 ABSTRACT 

Methicillin resistant Staphylococcus aureus (MRSA) is now a leading cause of 

staphylococcal infections in humans and animals. In this study, cloacae and nostrils of 1800 

poultry birds selected at random in 9 farms spread across Ebonyi State and 19 poultry farm 

workers from these farms were screened for Staphylococcus aureus. In addition, 150 clinical 

isolates of staphylococci from Microbiology Laboratories in 3 hospitals, one in each 

senatorial district of Ebonyi State were screened for Staphylococcus aureus using standard 

bacteriological techniques. The number of birds positive for S. aureus was 247, representing 

a percentage carriage of 14% (247/1800). Out of the 150 clinical isolates of staphylococci 

screened, 78 of them were identified as S. aureus representing a percentage incidence of 

52%. Only 4 (21%) of the 19 volunteer poultry farm workers were found to carry S. aureus. 

More S. aureus were recovered by swabbing both cloacae and nostrils than either of cloacae 

or nostrils used singly. Antibiotic resistance profile of all the 329 S. aureus isolates using disk 

agar dilution method (DAD) showed that 8.5% (28/329) of the isolates were methicillin 

resistant. Percentage carriage of MRSA amongst poultry birds in the State was 6% (15/247). 

MRSA from broilers constituted 73% (11/15) of the total MRSA in poultry. Only one poultry 

farm worker had MRSA, representing 25% (1/4) carriage. The percentage of MRSA amongst 

the clinical isolates was 15.4% (12/78). The highest antibiotic resistance exhibited by the 

isolates was recorded against tetracycline with 47.7% (157/329) followed by 

Trimethoprim/Sulfamethoxazole with 42.5% (140/329). All the isolates were sensitive to 

Quinupristin/Dalfopristin, Linezolid, Rifampin and Vancomycin. Multidrug resistance 

(defined as resistance to at least one antibiotic agent in three classes of antibiotics) was 

recorded amongst S. aureus and MRSA in Ebonyi State. All the MRSA in this study were 

multidrug resistant. Multiplex PCR showed a correlation between phenotypic recovery of 

MRSA isolates and genotypic detection of mecA gene. All the isolates that were cefoxitin 

resistant by disk agar dilution (DAD) method were found to carry the mecA gene. Molecular 



 
 

 
 

ix 

epidemiological analysis revealed that 4 spa types (t002, t084, t2304 and t11469) were 

circulating in Ebonyi State with spa type t002 being the most prevalent, constituting 47% 

(22/46) of all the isolates. spa type t084 and t2304 were not found in poultry farm workers. 

Novel spa type t11469 was recorded in poultry (57%), poultry farm worker (14%) and 

hospital isolates (29%). Molecular screening for PVL gene (lukS-lukF) showed that only 8 

out of 54 isolates were positive, representing a prevalence of 14.8%. All the PVL positive 

isolates were from poultry. Molecular screening for tetM gene among the tetracycline 

resistant isolates showed that only one isolate (n=32) harbored the tetM gene which could 

mean that other tetracycline resistant genes might be responsible for the huge tetracycline 

resistance observed in this study. Multilocus sequence typing of 9 isolates selected at random 

including the novel spa type showed that the spa types fell into 3 sequence types (ST5, ST15, 

ST121). spa types belonging to sequence type ST398 and ST9, the main sequence types of 

livestock associated methicillin resistant Staphylococcus aureus (LA-MRSA) were not found 

in poultry in this study. However, a poultry endemic strain t002 belonging to ST5 was found. 

The SCCmec typing of the isolates carrying the mecA gene showed that all the MRSA 

isolates typed were type V. The finding of the same spa types in poultry, poultry farm worker 

and hospital isolates in the State suggests possible zoonosis and interspecies transmission 

although the actual route of transmission was not investigated. It was also an indication of the 

involvement of poultry associated S. aureus and MRSA in staphylococcal infections in 

Ebonyi State.  
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1 

CHAPTER ONE 

1.0  INTRODUCTION 

Staphylococcus aureus is a well-known commensal of man. About a third of healthy 

individuals carry the organism on their skin and nose (Grundmann et al., 2002). The 

organism has established itself as a leading and most frequent cause of a wide range of both 

hospital and community-acquired infections (Zetola et al., 2005; Mwangi et al., 2007) and 

bacteraemia associated with it can be fatal (Nabera, 2009). Pathologies associated with S. 

aureus include osteomyelitis, pneumonia, meningitis, arthritis, endocarditis, septicemia, deep 

tissue abscesses, skin and soft -tissue infections (SSTIs) as well as toxic shock syndrome 

amongst others (Zetola et al., 2005; Jensen and Lyon, 2009). It is also a common cause of 

wound and urinary tract infections (Nonie and Mush 2010; Sani et al., 2011; Shittu et al., 

2011). 

Shortly after the introduction of methicillin, a β-lactamase stable antibiotic in the early 1960s, 

Methicillin resistant staphylococcus aureus (MRSA) emerged, predominantly associated with 

infections in clinics and health-care settings (de Sousa and de Lencastre, 2004). MRSA 

infections in the hospitals and clinical settings are referred to as hospital associated 

methicillin-resistant Staphylococcus aureus (HA-MRSA) infections. However, in the 1990s, 

the epidemiology of MRSA changed with the emergence of MRSA infection in those without 

the risk factors of HA-MRSA (Chen, 2012). This new group of MRSA is more invasive and 

causes mainly skin and soft tissue infections in otherwise healthy individuals especially 

amongst the young and has been designated as community acquired methicillin resistant 

Staphylococcus aureus (CA-MRSA) (Skov et al., 2012).  

MRSA is the leading cause of hospital and community acquired infections worldwide 

(Mwangi et al., 2007; Reyes et al., 2009; David and Daum, 2010; Wu et al., 2011; Shittu et 

al., 2011). It remains one of the most common agents of nosocomial infections, increasing the 
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cost and mortality associated with staphylococcal infections as compared to methicillin 

sensitive Staphylococcus aureus (MSSA) infections (de Sousa and de Lencastre, 2004). 

Nosocomial MRSA carries staphylococcal cassette chromosome mec (SCCmec) type I-III as 

opposed to CA-MRSA with a characteristic staphylococcal cassette chromosome mec type IV 

or V, lacking in non β-lactam determinants and possessing a distinct necrotizing toxin; 

Panton-Valentine Leukocidin (PVL). It is associated with staphylococcal diseases in 

otherwise healthy individuals without HA-MRSA risk factors such as recent hospitalization, 

residence in care homes, surgery, catheterization or contact with colonized people (Salgado et 

al., 2003). 

Staphylococcus aureus as a pathogen is not limited to man. Infections and colonization of 

livestock have been documented (Waters et al., 2011; Spanu et al., 2012). It has now been 

established that livestock can harbour and constitute a reservoir and source of a novel and 

rapidly emerging type of MRSA (Soavi et al., 2010). This new type of MRSA belonging to 

clonal complex (CC) 398 is predominant in livestock (Smith et al., 2009). It is associated 

with diseases in livestock but has also been implicated in human infections (Witte et al., 

2007; Hunter et al., 2011). This new clonal complex has become known as livestock- 

associated methicillin resistant Staphylococcus aureus (LA-MRSA) due to its spread in most 

animal species. Its disease causing propensities have been established in feed and companion 

animals (Persoons et al., 2009; Smith et al., 2009; Hunter et al., 2011) and are implicated in a 

wide range of diseases (Quinn et al., 2000). The most common member of this clonal 

complex is ST398. Initially, it was thought to be limited to pigs and calves but this sequence 

type which is non-typable by Pulse Field Gel Electrophoresis (PFGE) with Sma1 is found in 

most livestock (Soavi et al., 2010).  
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Staphylococcus aureus is also a common cause of food spoilage and in particular meat and 

meat products where they have been associated with food poisoning and severe diseases of 

man (Lewis et al., 2008; Fanoy et al., 2009). 

Staphylococcus aureus is often referred to as ―superbug‖ due to its versatility and ability to 

cause myriad of diseases in otherwise healthy individuals and its multiple drug resistance 

propensities (Basset et al., 2009); a phenomenon that continues to pose great challenges in 

treatment of infections associated with MRSA (Foster, 2004).  

Multi-drug resistant S. aureus evolved following acquisition of discrete preformed 

antimicrobial resistance genes by horizontal gene transfer (HGT) and resistance determinants 

generated by chromosomal mutation (Jensen and Lyon, 2009) which poses great challenges 

in treatment of staphylococcal infections (Chopra et al., 1997). 

MRSA seem to have arisen by multiple introductions of a novel mobile genetic element 

known as staphylococcal cassette chromosomemec (SCCmec) (Ito et al., 2001) carrying 

mecA gene encoding penicillin binding protein (PBP2a) with reduced binding affinity for β-

lactam antibiotics (Zetola et al., 2005; Hunter et al., 2011) into successful methicillin-

susceptible S. aureus (MSSA) lineages probably from coagulase-negative staphylococci with 

intrinsic resistance to methicillin (Zhang et al., 2009). They are thought to have gradually 

acquired other resistance genes carried on plasmids and transposons which were integrated 

into this mobile element resulting in multidrug resistance and in some cases resistance to all 

antibiotics available in clinical practice (David et al., 2007; Jensen and Lyon, 2009). This 

scenario is now complicated by the emergence of vanA mediated vancomycin-resistant S. 

aureus (VRSA) (de Sousa and de Lencastre, 2004; Basset et al., 2009). 
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1.1  STATEMENT OF RESEARCH PROBLEMS 

Staphylococcus aureus is a dangerous and difficult pathogen because of a combination of 

acquired antibiotic resistances and virulence which accounts for its high incidence in hospital 

and community-acquired infections (Chopra et al., 1997; Enright et al., 2002; Otto, 2010). 

Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of hospital-acquired 

infections that are increasingly problematic to treat because of emerging resistance to most 

currently available antibiotic classes (Enright et al., 2002; Lowy, 2003). The changing 

epidemiology of methicillin-resistant Staphylococcus aureus from its natural niche in the 

hospitals and clinical settings to the community remains the greatest challenge to man.  

Community acquired MRSA is the major cause of skin and soft tissue infections (SSTIs) that 

has become increasingly problematic in management due to high virulence and the ease with 

which it spreads in the community (Reyes et al., 2009). Several genes found in S. aureus are 

associated with its high virulence and resistance to several classes of antibiotics. They include 

mecA gene which codes for penicillin resistance, the tetM gene coding for tetracycline 

resistance and Panton-Valentine Leukocidin gene lukS–lukF responsible for widespread skin 

and soft tissue infections commonly associated with CA-MRSA (Crum-Cianflone et al., 

2006; David et al., 2007).  

There are abundant reports that there is a specific type of multidrug S. aureus in ‗feed 

animals‘ and pets (Witte et al., 2007; Hunter et al., 2011) whose occurence in these farm and 

companion animals is attributed to the use of antibiotics in animal feeds (Smith et al., 2009; 

Graveland et al., 2010). According to Nemati et al .(2008) who reported 12.4% MRSA in 

poultry in Belgium,  the emergence of MRSA and multi-antibiotic resistant strains of S. 

aureus in farm and companion animals was due to antibiotic pressure used as food 

supplements and growth promoters. Livestock acquired methicillin-resistant Staphylococcus 

aureus (LA-MRSA) has been reported to cause infections amongst farm workers and their 
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relatives and transmission of infection from pet animals to their owners and handlers have 

also been documented (Smith et al., 2009; Hunter et al., 2011; Graveland et al., 2010). 

The increasing prevalence of MRSA of clonal complex CC398 in pigs, dogs, horse and their 

products as well as in poultry has been reported (Smith et al., 2009; Hasman et al., 2010; 

Mulders et al., 2010). Zoonotic transmission of this clone of MRSA has also been 

documented especially among farm workers and their families (Smith et al., 2009; Graveland 

et al., 2010; van Cleef et al., 2011). Reports of LA-MRSA (ST398) involvement in 

staphylococcal infection in the community and in hospital settings has also been documented 

(Graveland et al., 2010). Although the mechanisms, risk factors, and other information about 

the emergence of MRSA in animals are rather poorly understood, the close contact between 

humans and various animal species and antimicrobial use in animals presumably facilitate the 

emergence and spread of MRSA (Wesse and van Duijkeren, 2010). 

The presence of LA-MRSA in farmers constitutes a major threat to public health and the 

health care system (Smith et al., 2009; Golding et al., 2010; Waters et al., 2011).  MRSA 

prevalence in humans has been reported to be strongly associated with prevalence in animals 

and intensity of contact with animals positive for methicillin-resistant Staphylococcus aureus 

(Graveland et al., 2010). 

Several reports show that S. aureus is a common pathogen in Nigeria causing a plethora of 

infections in hospital and community settings with varying prevalences (Yah et al., 2007; 

Adegoke and Komolafe, 2009; Ghebremedhin et al., 2009; Nworie and Umeh, 2010; Sani et 

al., 2011; Shittu et al., 2011). 

Nasal carriage of S. aureus and MRSA has been reported across settings in Nigeria. 

Lamikanra et al. (1985) reported 56.4% nasal carriage of S. aureus amongst health Nigerian 

students in different institutions in Ile Ife, Nigeria. Onanuga and Tremedie reported 33.3% 



 
 

 
 

6 

nasal carriage of S. aureus in Ammasoma community in Niger Delta region of Nigria while 

Nworie et al. (2013b) reported 23% of nasal carriage of S. aureus amongst meat sellers in 

Abakaliki metropolis, Ebonyi State, Nigeria.  

Although the presence of methicillin resistant Staphylococcus aureus in farm animals and 

poultry has been documented in Nigeria (Olayinka et al., 2010, Umaru, et al., 2011), there 

has not been any molecular characterization of LA-MRSA in Ebonyi State, Nigeria nor a 

documentation of its involvement in staphylococcal infections in community and in hospital 

settings in the State to the best of our knowledge. 

Nigeria is an agrarian society (Obansa and Maduekwe, 2013). Pasturing and livestock grazing 

is a major farm activity. Poultry farming is common in rural communities in Ebonyi State, 

where they are practiced at subsistence level in addition to commercial poultry farms 

scattered across the State. It is possible that these birds carry methicillin-resistant S. aureus as 

reported by Olayinka et al. (2010) and may transmit them to those working in these farms as 

reported by Graveland et al. (2010) and Umaru et al. (2011). Persons that work in these 

poultry farms may acquire and transmit them across community settings where they may 

cause human staphylococcal infection. As the information on this is not documented in 

Ebonyi State, Nigeria, this study is aimed at investigating the presence of MRSA in livestock 

and its probable involvement in human staphylococcal infections in Ebonyi State, Nigeria. 

1.2   JUSTIFICATION OF RESEARCH  

The changing epidemiology of MRSA in recent time, leaving its niche in the hospital as a 

nosocomial pathogen to the community and in livestock requires an understanding of its 

molecular epidemiology. The emergence and involvement of a distinct clone of MRSA 

(CC398) associated with livestock in human diseases in many countries which are thought to 

have arisen from increasing use of antibiotics in animal feeds especially in pigs and poultry, 
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gives good reason for this study since subsistence and commercial poultry farming is a 

common practice in Ebonyi State and Nigeria in general. 

Since MRSA has been reported in these animals elsewhere and in Nigeria, and since their 

involvement in human diseases is no longer in doubt, chances are that they are already in 

poultry farms in Nigeria. This study will provide information on the prevalence of this clone 

of MRSA in poultry in Ebonyi State and its impact on staphylococcal infections.  

Furthermore, since ST398 of clonal complex (CC) 398 has been implicated in invasive 

diseases of man in both hospital and community acquired infections, there is an obvious need 

to characterize Staphylococcus aureus isolates in these settings to establish the molecular 

epidemiology of this organism in the country. 

1.3 AIM AND OBJECTIVES  

1.3.1 Aim  

To determine the molecular epidemiology of livestock associated methicillin resistant 

Staphylococcus aureus (LA-MRSA) in Ebonyi State, Nigeria  

1.3.2 Specific Objectives 

1.  To screen poultry birds in selected poultry farms in Ebonyi State, Nigeria for S. 

aureus and MRSA. 

2.  To screen poultry farm workers for S. aureus and MRSA. 

3. To screen clinical isolates of staphylococci in selected hospitals in Ebonyi State for S. 

aureus and MRSA. 

4.  To carry out molecular characterization of the S. aureus using Polymerase Chain 

reaction (PCR) for methicillin resistance gene (mecA). 

5.         To carry out spa-sequence typing of the polymorphic region of protein A (spa typing). 

6. To carry out staphylococcal cassette chromosome mec (SCCmec) typing. 
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7. To screen for panton valentine leukocidin gene (lukS-lukF) and tetracycline resistance 

gene (tetM). 

8. To carry out multilocus sequence typing (MLST) of the isolates. 

 

1.4   RESEARCH HYPOTHESIS 

1.4.1  Null Hypothesis (Ho) 

There is no incidence of LA-MRSA in Ebonyi State and LA-MRSA is not involved in 

staphylococcal infection in Ebonyi State, Nigeria.  

1.4.2 Alternate Hypothesis (Ha) 

There are incidences of LA-MRSA in Ebonyi State and LA-MRSA is involved in 

staphylococcal infection in Ebonyi State. 

1.5 Research Limitations 

 Specimen collection is limited to poultry, poultry farm workers and hospital isolates 

in Ebonyi State. 

 Molecular characterization to  be done for selected isolates and genes 

 Problems of storage and shipment of the isolates to United States of America for 

molecular analysis. 

 Lack of adequate funds to carry out molecular analysis of large number of isolates 
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CHAPTER TWO 

2.0  LITERATURE REVIEW  

2.1  Staphylococcus aureus 

Staphylococcus aureus is a Gram positive opportunistic pathogen of both animals and 

humans which has generated global health concern. Several species of staphylococci have 

been recognized and some of them have been isolated as commensals in humans with 

enormous pathogenic potentials (Rodrı´guez-Noriega et al., 2010).  

On blood agar, Staphylococcus aureus appears as a large white to creamy white colony while 

in mannitol salt agar it grows as golden yellow colonies (Olayinka et al., 2010). It is a 

facultative anaerobe, growing well under aerobic conditions within 24 hours (Cheesbrough, 

2000). It is found in people and frequently colonizing the nares, the armpit, the perineum, 

skin fold and the vagina without giving rise to disease (Lamikanra et al., 1985; Charlier et al., 

2009; Rodrı´guez-Noriega et al., 2010; Lupo et al., 2012). 

Staphylococcus aureus sometimes colonize, persist and express virulence factors and diseases 

in environment where lactic acid bacteria (LAB) exist as the normal dominant microbiota, 

such as in fermented food or in the vaginal ecosystem, producing food poisoning or 

urogenital infections, respectively (Charlier et al., 2009). It is a major opportunistic pathogen 

that is responsible for a wide range of chronic and acute diseases of man and animals (Jensen 

and Lyon, 2009) and a leading cause of hospital and community acquired infections 

worldwide (Mwangi et al., 2007; Reyes et al., 2009; David and Daum, 2010; Wu et al., 2011; 

Shittu et al., 2011). It is associated with skin and soft tissue infections such as furunculosis 

and carbunculosis, post-operative and urinary tract infections, otitis media, arthritis, toxic 

shock syndromes, osteomyelitis, endocarditis, acute respiratory syndromes, pneumonia and 
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many others (Cheesbrough, 2000; Jarraud et al., 2002; Zetola et al., 2005; Nworie and Umeh, 

2010). 

Speciation of staphylococci isolates is essential to distinguish Staphylococcus aureus from 

coagulase-negative staphylococci (CoNS). The production of coagulase, an enzyme that 

enables the organism to clot plasma is a feature peculiar to pathogenic staphylococci and 

often associated with increased virulence of S. aureus.  This has been used to classify 

Staphylococcus species into two groups; those that produce coagulase – the coagulase 

positive Staphylococcus and those that lack the enzyme–the coagulase negative group (Baba 

et al., 2002). These two attributes (catalase and coagulase production) have been exploited in 

the identification of S. aureus (Isenberg, 1998; Kateete et al., 2010).  

Both coagulase and non-coagulase Staphylococcus are involved in human and animal 

infections (Jensen and Lyon, 2009). Coagulase-positive staphylococci that include S. hyicus 

and S. flexneri have been implicated in human and animal infections (Tormo et al., 2005). 

They also include the Staphylococcus intermedius group (SIG) namely S. intermedius, S. 

pseudintermedius, and S. delphini A and B which are rarely in humans and originally thought 

to be part of the normal microflora of the skin and mucosal membranes of dogs and cats but 

now found in a variety of other animals (Tormo et al., 2005). 

Coagulase negative staphylococci are rarely pathogenic and are considered to be 

opportunistic pathogens of humans (Tormo et al., 2005; Devriese et al., 2005). They include 

Staphylococcus epidermidis, S. chromogenes, S. xylosus, S. simulans, S. saprophyticus, S. 

haemolyticus, S. warneri and Staphylococcus hominis group (Foster, 1996). 
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2.1.1 Carriage of Staphylococcus aureus 

Staphylococcus aureus is a well known commensal of man (Lowy, 1998). A fundamental 

biological property of Staphylococcus aureus is its ability to asymptomatically colonize both 

healthy and hospitalized individuals; most often involving the anterior nares (Henderson, 

2006; Chambers and Deleo, 2009; Davies and Davies 2010; Bien et al., 2011).  In addition, 

they can be found on the skin, throat, axillae, groin, and gastrointestinal tract without causing 

damage to the host and from where it has emerged to cause community and hospital 

infections (Foster, 2004; Gordon and Lowy, 2008). In hospitals, the asymptomatic host can 

disseminate S. aureus to immunocompromised patients (Martins and de Lourdes Ribeiro de 

Souza da Cunha, 2012). Asymptomatic carriers of S. aureus are at higher risk of infection and 

are presumed to be an important source of S. aureus strains that spread among individuals 

(Chambers and Deleo, 2009). 

Humans are the main source of Staphylococcus species with diverse clonality and 

toxigenicity (Gomez-Sanz et al., 2013). Humans and animals have persistent, intermittent or 

transient nasal colonization from where Staphylococcus aureus and MRSA can cause 

infection or be transmitted to other persons (Murray et al., 2002; Rodrı´guez-Noriega et al., 

2010). A carrier of S. aureus or MRSA is at potential risk of developing an infection 

involving the colonizing pathogen especially when admitted to hospital and of transmitting 

the same to other patients with risk factors for infection (Gordon and Lowy, 2008; 

Rodrı´guez-Noriega et al., 2010). 

Staphylococcus aureus carriage is higher among healthcare workers than general population 

(Murray et al., 2002). Almost 25% of healthcare workers are stable nasal carriers, and 30% to 

50% of them also carry the bacteria on their hands (Farzana et al., 2008).  Furthermore, high 

carriage rates of S. aureus and MRSA in the nares have been associated with increase in the 



 
 

 
 

12 

transfer and spread from patient to healthcare worker, patient to patient, or healthcare worker 

to patient (Henderson, 2006).  

Factors that enhance colonization by S. aureus are complex and are not fully understood. 

However, it does appear to involve the host‘s contact with other carriers; Staphylococcus 

aureus ability to adhere to host cells and evade the immune response; and the antimicrobial 

properties of the nasal fluid which allows it to be transmitted among individuals in both 

health care and community settings (Murray et al., 2002; Kumar et al., 2011). Consequently, 

a combination of bacterial resistance mechanisms, defective nasal fluid and lack of 

alternative clearance mechanisms (host associated determinants) results in nasal colonization 

by S. aureus (Wertheim et al., 2005). 

Mortality associated with staphylococcal bacteraemia can be very high (Zetola et al., 2005; 

Nabera, 2009), usually higher in non-carriers than among carriers as infections often arise 

from carrier strains; a situation thought to confer some protective immunity (Gordon and 

Lowy, 2008). 

MRSA infections in pets are often associated with the owner being previously colonized 

which is essentially a consequence of previous human colonization in the household (Faires 

et al., 2009). Furthermore, exposure to livestock is an important factor for MRSA 

colonization (van Cleef et al., 2010). 

2.1.2 Laboratory Identification of Staphylococcus aureus 

The disease causing propensity of Staphylococcus aureus which has remained a major 

challenge to healthcare worldwide requires constant screening of risk subjects and its 

accurate diagnosis. Several standard laboratory procedures (phenotypic and biochemical) 

have been developed for the identification of S. aureus. Testing for the presence and type of 

haemolysis on blood agar plates represents a simple and rapid method currently used to 
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differentiate Staphylococcus aureus from other staphylococci in primary non selective 

cultures though with limited sensitivity (Barrow and Feltham, 1993; Boerlin et al., 2003). 

Selective agar like modified Baird Parker agar has been used successfully for the detection 

and identification of Staphylococcus aureus and other coagulase-positive staphylococci 

(Kateete et al., 2010).  

All staphylococci grow well in the presence of bile salt and on media with 4-6.5% NaCl 

(Brooks et al., 2007). Staphylococcus aureus is isolated by streaking clinical specimen or 

materials for  epidemiological survey onto solid media such as blood agar (BA), tryptic soy 

agar (TSA) or brain heart infusion agar (BHIA), MacConkey agar (MCA) (Cheesbrough, 

2000). Specimens likely to be contaminated with other microorganisms can be cultured on 

mannitol salt agar containing 4-6.5% sodium chloride, which allows the salt-tolerant 

staphylococci to grow (Foster, 1996; Brooks et al., 2007). Both Phenylethanol agar (PEA) 

and Staph enrichment broth (SEB) which selects for Gram positive cocci in mixed cultures or 

cultures contaminated with Gram negative and free living organisms have been used for 

higher recovery and identification of S. aureus (Atlas and Snyder, 2006). 

The simplest biochemical test that is used to differentiate between Staphylococcus species 

and other Gram positive cocci is the catalase test (Isenberg, 1998; Freney et al., 1999).  

Catalase production, an enzyme that hydrolysis hydrogen peroxides into water and oxygen 

during metabolism is used to differentiate S. aureus from streptococci; both of which are 

Gram positive cocci (Cheesborough, 2000). The production of catalase enzyme by 

staphylococci is characterized by the production of bubbles or effervescence (Cheesbrough, 

2000). 

Mannitol fermentation, protein A, DNase, phosphatase and coagulase production is 

commonly used for the phenotypic identification of Staphylococcus aureus (Brown et al., 

2005; Luczak-Kadlubowska et al., 2006).  
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Coagulase production has been a useful tool in the identification of S. aureus. The test 

utilizes two methods for the identification of coagulase enzyme; the slide agglutination test 

that detects bound coagulase and the tube agglutination test that detects the free coagulase 

(Foster, 1996). Staphylococcus aureus can be confirmed by testing colonies with tube 

coagulase for clumping factor and latex particles coated with immunoglobulin G for 

agglutination (Foster, 1996; Kateete et al., 2010). Pastorex Staph-Plus
(R)

 is a latex 

agglutination kit that allows simultaneous detection of fibrinogen affinity factor, protein A 

and capsular polysaccharides of Staphylococcus aureus.  

In spite of these, there is no single phenotypic test including the tube coagulase test that can 

guarantee reliable results in the identification of Staphylococcus aureus (Kateete et al., 2010). 

However, molecular methods have been developed to identify Staphylococcus aureus 

especially methicillin resistance (Brown et al., 2005).  

2.1.3 Pathogenesis of Staphylococcus aureus 

Staphylococcus aureus is a highly pathogenic organism capable of causing a wide range of 

human diseases. Its success as commensal organism and pathogen is because of its versatility 

and rapid adaptability to selective pressures imparted by the human host (Otto, 2010). Mobile 

genetic elements (MGEs) as means of transfer of genetic information among and within 

bacterial species play central role in adaptation process (Malachowa and Deleo, 2010).  

The virulence potential of S. aureus is attributed to virulence determinants, several of which 

are involved in the development of staphylococcal infections in which some clonal types are 

more equipped to cause disease across the globe, whereas others simply cause disease in the 

community (Gordon and Lowy, 2008; Otto, 2010).  

Various host factors predispose individuals to infection, including the loss of the normal skin 

barrier, the presence of underlying diseases such as diabetes or AIDS and defects in 
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neutrophil function (Moran et al., 2006; Nabera, 2009; Chambers and Deleo, 2009). The 

primary mode of transmission of S. aureus is by direct contact, usually skin-to-skin contact 

with a colonized or infected individual, hands and probably fomites (Foster, 1996; Shaffer, 

2013). In addition, nutrients promote S. aureus ability to colonize, persist, and expresses 

virulence factors that aid infections (Charlier et al., 2009).  

Infections caused by S. aureus can be classified into three major groups: i) superficial wound 

infections and abscesses; ii) toxinoses such as food poisoning, scalded skin syndrome and 

toxic shock syndrome; iii) systemic and life-threatening conditions such as endocarditis, 

osteomyelitis, pneumonia, brain abscesses, meningitis, and bacteremia (Jarruad et al., 2002;  

Nabera, 2009).  

Genome sequencing of S. aureus strains has helped to identify a number of virulence factors, 

but the key determinants for infection are still unknown (Feng et al., 2008). S. aureus 

infections are attributed to a broad array of virulence and pathogenic determinants that 

promote tissue colonization and adherence, tissue damage, immune system evasion and 

invasion including a variety of non-professional phagocytes such as fibroblasts, osteoblasts, 

endothelial and epithelial cells and harmful toxic effects to the host (Holden et al., 2004; Bien 

et al., 2011). These include pore-forming toxins (alpha-hemolysin, Panton-Valentine 

leukocidin), superantigens (enterotoxins, toxic shock syndrome toxin-1), phagocytosis 

inhibitors (polysaccharide capsule, protein A), and immune evasion molecules (chemotaxis 

inhibitory protein, staphylokinase, aureolysin) (Bartlett and Hulten, 2010).  

On entry into a host, S. aureus will either persist, escape host defenses and antibacterial 

agents, or multiply and further disseminate; a behavior triggered by a wide range of global 

regulators which allow the bacteria to propagate (Pratten et al., 2001; Bronner et al., 2004;  

Bien et al., 2011). Virulent strains of S. aureus produce large quantities of extracellular 

proteins involved in pathogenesis, producing a typical staphylococcal lesion involving pus 
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formation in contrast to strains that cause toxic shock syndrome which secrete very small 

quantities of exoproteins and high levels of toxic shock syndrome toxin-1 (Vojtov et al., 

2002). 

The expression of a variety of extracellular proteins and polysaccharides by S. aureus, whose 

combined effect results in virulence during infection (Foster, 1996; Bronner et al., 2004) are 

coordinated by a network of global regulators and transcription factors that allow optimal 

adaptation of the pathogen to a changing environment and stress conditions encountered 

during the various stages of infection (Bien et al., 2011). Central among this regulatory 

element is the accessory gene regulator agr, a bi-component quorum sensor regulating gene 

whose activating ligand is an agr-encoded auto inducing peptide (AIP) (Jarraud et al., 2002; 

Schulthess et al., 2012), staphylococcal accessory regulator (sarA) and a number of sarA 

homologues (Ferry et al., 2005; Oscarsson et al., 2005). These regulators constitute an 

important network that coordinate the expression of S. aureus virulence genes in which one 

virulence gene can be under the influence of several regulators that ―cross talk‖ to ensure that 

the specific gene is expressed only when conditions are favorable (Bien et al., 2011).  

The colonization process of S. aureus is mediated by several adhesins comprising proteins 

covalently anchored to cell peptidoglycans that specifically attach to the plasma or 

extracellular matrix (ECM) components collectively termed the microbial surface component 

recognizing adhesive matrix molecules (MSCRAMMs). They include staphylococcal protein 

A (SpA), fibronectin-binding proteins A and B (FnbpA and FnbpB), collagen-binding 

protein, and clumping factor (Clf) A and B proteins are members (Foster, 1996; Fery et al., 

2005; McCarthy and Lindsay, 2010; Bien et al., 2011).  

Staphylococcal protein A (SpA), a cell wall anchored protein of S. aureus with capability to 

interact with several host components is a virulence factor in staphylococcal infections 

(Palmqvist et al., 2002). The production of staphylococcal protein A is controlled by several 
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global regulators including agr, sarA, sarS, sarT, rot and mgrA, which appear to form a 

regulatory network in which sarS, an activator of spa, is a key regulator (Lindsay and Foster, 

1999; Oscarsson et al., 2005). Most strains of S. aureus produce exoproteins; exotoxins and 

enzymes including nucleases, proteases, lipases, hyaluronidase, and collagenase whose main 

functions may be to convert local host tissue into nutrients required for bacterial growth. An  

exception is the fatty acid modifying enzymes (FAME) that may be important in abscesses, 

where it could modify anti-bacterial lipids and prolong bacterial survival (Foster, 1996).  

Panton-Valentine leukocidin (PVL), α-hemolysin, β-hemolysin, γ-hemolysin, leukocidin, are 

among cytolytic exotoxins produced by Staphylococcus aureus. These cytolytic exotoxins 

provoke inflammation when they insert and oligomerize to form β-barrel pores in the plasma 

membrane, causing leakage of the cell‘s content and lysis of the target cell (Ferry et al., 

2005). Alpha hemolysin causes osmotic cytolysis with cytotoxicity to human platelets, 

endothelial cells, thrombocytes and monocytes (Foster, 1996). PVL is a bi-component 

cytolysin (lukS-lukF) with high affinity to leukocytes, while other bicomponent toxins, γ-

hemolysin and leukocidin show cytotoxicity to erythrocytes and leukocytes, respectively 

(Ferry et al., 2005). S. aureus, SpA, α-, and β-toxins are involved in the pathogenesis of 

staphylococcal pneumonia (Bien et al., 2011) 

S. aureus in addition, produces exfoliative toxins (ETA and ETB) involved in staphylococcal 

scalded skin syndrome (SSSS) and pyrogenic toxin superantigens (PTSAgs) that stimulate 

proliferation of T-lymphocytes (Foster, 1996; Vojtov et al., 2002; Wu et al., 2010). The 

staphylococcal enterotoxins (SEA, SEB, SECn, SED, SEE, SEG, SEH, and SEI) are 

associated with food poisoning (Foster, 1996; Wu et al., 2010). 

Other specific proteins associated with S. aureus that can have profound impact on the innate 

and adaptive immune system include staphylococcal complement inhibitor (SCIN), 

chemotaxis inhibitory protein of Staphylococcus aureus (CHIPS), staphylokinase (SAK), 
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extracellular fibrinogen binding protein (Efb), extracellular adherence protein  (Eap), and 

formyl peptide receptor-like-1 inhibitory protein (FLIPr) (Bien et al., 2011).  

SCIN is C3 convertase inhibitor which blocks the formation of C3b on the surface of the 

bacterium thereby hindering the ability of human neutrophils to phagocytose S. aureus 

(Jongerius et al., 2010). On the other hand, CHIPS and FLIPr block neutrophil receptors for 

chemoattractants (Prat et al., 2009). Migration of neutrophils from blood vessels into the 

tissue may be blocked by Eap. SAK binds to α-defensins eliminating their bactericidal 

properties while Efb inhibits both classical and alternative pathways of complement 

activation (Foster, 2005; McCarthy and Lindsay, 2010). 

2.2  Antibiotic Resistance 

Bacterial resistance to antibiotics has emerged as a global problem involving all known 

classes of both natural products and synthetic compounds. Its emergence is a set back and 

increases the challenges posed by infectious diseases. Soil-dwelling bacteria produce and 

encounter myriad antibiotics and consequently have evolved a multitude of sensing and 

evading strategies (Dantas and Sommer, 2012). The soil microbiota therefore represents a 

reservoir of resistance genes, the soil antibiotic resistome, which has the potential to be 

mobilized into the greater microbial community (D‘ Costa et al., 2006). 

Antibiotic resistance in an antibiotic free environment was a rare event (Ayliffe, 1997). 

According to Davies and Davies (2010), development of generations of antibiotic-resistant 

microbes and their distribution in microbial populations are the results of many years of 

incessant selection pressure from human applications of antibiotics through under use, 

overuse, and misuse.  

Antibiotics denote any class of organic molecule that inhibits or kills microbes by specific 

interactions, including synthetic therapeutics which interact with receptors and provoke 
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specific cell responses and biochemical mechanisms of cross-resistance in pathogens (Davies 

and Davies, 2010). In modern terms, an antibiotic has broadly come to mean any synthetic or 

naturally occurring low molecular weight molecule that inhibits bacterial growth at low 

concentration (Russell, 1998). 

There are several classes of antibiotics with different modes of action and target sites. They 

include the β-lactams (penicillins and cephalosporins) that inhibit cell wall synthesis, the 

macrolides that  inhibit protein synthesis, glycopeptides that inhibit peptidoglycan synthesis,  

tetracyclines that inhibit aminoacyl tRNA,  quinolones that inhibit DNA gyrase, 

aminoglycosides that inhibit protein synthesis, lipopeptides that cause membrane 

depolarization, oxazolidinones and chloramphenicols that inhibit protein synthesis and others 

(Lambert, 1998).  

Antibiotic-resistant pathogens constitute an important and growing threat to the general 

public and antibiotic resistance occurs when a microbe acquires a gene (Muto et al., 2003) or 

undergoes changes (Jensen and Lyon, 2009) which allow the microbe to inactivate the 

antibiotic or otherwise nullify its antimicrobial activity. This may occur as a result of 

spontaneous genetic mutation or involve acquisition of mobile genetic element such as 

plasmids, transposons, integrons, or gene cassettes (Roberts, 2012). Antibiotic resistant 

organisms have resulted in prolonged suffering, serious infections and higher risk of death 

than with antibiotic-susceptible strains of the same species. The consequence is an increasing 

cost of medical care, prolonged hospital stay and associated morbidity and mortality (Muto et 

al., 2003).  

Acquired resistance in pathogens with introduction of new drugs is a common feature of 

antibiotic use. Antibiotic resistances had been regarded as a problem of human and animal 

pathogens following the observation of a correlation between the introduction of new 
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antibiotics and the emergence of resistance in the clinics in previously susceptible 

populations of bacteria (Wright, 2012).  

Staphylococcal infection arises from a combination of bacterial factors, e.g. production of 

toxins and host factors, including underlying patient disease, e.g. diabetes mellitus 

(Humphreys, 2012). What makes S. aureus a dangerous pathogen is the combination of 

antibiotic resistance and high virulence (Otto, 2010). The relative ease with which S. aureus 

exchanges genetic material encoding antibiotic resistance and virulence determinants 

amongst strains and other species such as Staphylococcus epidermidis suggests an emerging 

hypervirulent, multidrug-resistant superbug (Davies and Davies 2010). 

As a ―superbug‖ S. aureus has higher morbidity and mortality due to multiple mutations 

endowing it with high levels of resistance to different antibiotic classes specifically 

recommended for their treatment (Davies and Davies 2010). The complexity and 

sophistication of the staphylococcal genome has enabled it to change and adapt to varying 

circumstances such as exposure to a new antibiotic, adherence to a clinical device and 

transfer from an animal to a human host (Humphreys, 2012). 

Resistance of S. aureus to antibiotics was presumed to have occurred in 4 waves, the last 

being the emergence of community acquired methicillin resistant S. aureus (Lowy, 2003). 

Prior to the use of antibiotics to treat S. aureus infections, resistant strains outside of hospital 

settings were rarely encountered (Ayliffe, 1997). After World War II and following 

widespread use of antibiotics, penicillin-resistant Staphylococcus aureus prevalence 

increased. Resistance to penicillin is associated with production of penicillinase, a 

predominantly extracellular enzyme that hydrolyzes the β-lactam rings of β-lactam carrying 

antibiotics encoded by blaZ gene controlled by two adjacent regulatory genes, the 

antirepressor blaR1 and the repressor blaI (Lowy, 2003). 
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A great majority of staphylococcal isolates now produce penicillinase, regardless of the 

setting. The gene for β-lactamase is part of a transposable element located on a large plasmid, 

often with additional antimicrobial resistance genes (genes for gentamycin and erythromycin) 

and spread of penicillin resistance primarily occurs by spread of resistant strains (Lowy, 

2003). 

The introduction of methicillin in 1959 led to a drop in the prevalence of penicillin-resistant 

S. aureus (Haley et al., 1982). However, in less than a year of its introduction methicillin-

resistant S. aureus was identified (Haley et al., 1982: Chambers, 2001; Deleo et al., 2009). In 

addition to use of antibiotics in humans, antibiotic use in animals for therapeutics, for food 

production and disease prevention has also promoted antibiotic resistance in humans (Ndi and 

Barton, 2012). Under doses of antibiotics to food-producing animals can result in bacterial 

resistance in livestock, elevating the potential for resistant bacterial strains to cross species 

boundaries, especially livestock imported from countries where antibiotic use is 

indiscriminate (Smith, 2005). Several studies have shown that people having close contact 

with animals are more at risk of zoonotic diseases (Smith et al., 2009; van Cleef et al., 2010). 

Furthermore, antibiotic resistance in animals is related to antibiotic use (Smith et al., 2009). 

2.2.1  Mechanisms of Antibiotic Resistance 

Antibiotics act on bacteria by inhibition of cell wall synthesis, protein synthesis, nucleic acid 

synthesis, and metabolic pathways (Donham, 2010). Antibiotic resistant bacteria prevent the 

action of antibiotics by innate or acquired resistance (Schwartz, 2012). Antibiotic therapy 

cause microbes with gene encoding inducible resistance to induce synthesis of enzymes in the 

presence of certain antibiotics to inactivate it and/or other antibiotics giving them  selective 

advantage to survive, proliferate, and spread (Muto et al., 2003).  
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Mechanisms conferring antimicrobial resistance include membrane permeability alterations, 

active antimicrobial extrusion or efflux, antimicrobial target alteration, metabolic bypass and 

enzymatic modification of the antimicrobial (Miao et al., 2012). Membrane permeability 

alterations may prohibit influx of certain antimicrobials, e.g., aminoglycosides (Schwartz, 

2012). Antimicrobial target alterations lower affinity for the antimicrobial agent, e.g., β-

lactams, macrolides while enzymatic modification of antimicrobials may inhibit membrane 

permeability or ability to interact with the target of action, e.g., β-lactams and 

chloramphenicol (Smith and Jarvis, 1999). 

In addition, genes conferring antimicrobial resistance often have a metabolic purpose in that 

organism or in a different organism. For example, mecA, which confers methicillin resistance 

to Staphylococcus aureus, probably is a cell wall transpeptidase from a non-staphylococcal 

organism (Smith and Jarvis, 1999). 

Different genetic elements found in bacteria are capable of acquiring resistance genes and 

promoting their transmission which vary from pathogen to pathogen and more broadly, 

between the Gram-positive and Gram-negative bacteria (Roberts, 2012). However, plasmid-

mediated transmission has been shown to be the most common mechanism of horizontal gene 

transfer (HGT) (Norman et al., 2009). Although bacteriophages carrying antibiotic resistance 

genes are hardly identified in the environment or in hospital isolates of resistant bacteria, 

there seem to be an association between phages with the insertional mechanisms required for 

the formation of mobile resistance elements and the functions of chromosomally associated 

resistance genes frequently seen as phage ―fingerprints‖ flanking genes encoding resistance 

or virulence on different vectors which appear quite common in S. aureus (Skurray and Firth, 

1997). 

The transmission and expression of resistance genes in pathogenic bacteria has been 

prompted by human use and misuse of antibiotics which has added to the bigger random gene 
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acquisition events (Pruden and Arabi, 2012). All Staphylococcus aureus for instance, were 

sensitive to penicillin, but penicillin use rapidly selected for β-lactamase- (penicillinase-) 

producing strains and this has remained a major clinical problem ever since. 

Acquired resistance occurs when a change in nucleic acid allows the bacteria to prevent the 

actions of antibiotics on the bacteria. Mechanisms involved with acquired resistance are 

transformation involving uptake and exchange of nucleic acid, transduction in which 

insertion of resistance gene into bacteria is mediated by bacteriophage, conjugation which 

involves plasmids or transposons and mutation (Sapkota et al., 2006). Acquired resistance 

mechanism of MRSA involves chromosomal mutation of the DNA that encodes a unique 

penicillin-binding-protein (PBP2a) (Smith and Jarvis, 1999).   

Staphylococcus aureus employs multiple layers of gene regulation to ensure protection 

against environmental stresses and host defenses. They include metabolic adaptation to 

changing nutrient conditions, the coordinated expression of virulence factors and 

modification of core genomic regulatory networks by imported regulators present on mobile 

elements such as plasmids, phages and genomic islands (McCallum et al., 2010). 
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2.3  Multidrug Resistance in Staphylococcus aureus 

Staphylococcus aureus is predominant in most developed countries where they occur as 

multi-drug resistant pathogen (Enright et al., 2000). Multidrug-resistant bacteria such as 

MRSA are endemic in healthcare environment and serve as a potential source for outbreaks 

in these settings (Henderson, 2006). MRSA is said to be multidrug resistant because of its 

‗non-susceptibility to at least one antimicrobial agent in three or more categories and whose 

resistance to oxacillin or cefoxitin predicts non-susceptibility to all categories of β-lactam 

antimicrobials with the exception of the anti-MRSA cephalosporins (Magiorakos et al., 

2012).  

Antimicrobial resistance in S. aureus is a major public health threat, compounded by 

emergence of strains with resistance to vancomycin and daptomycin; both last line 

antimicrobials (Howden et al., 2011). The improved medicare due to antibiotic discovery in 

the 20th century has been eclipsed by the upsurge of antibiotic resistance in hospitals, 

community and the environment attributed to extraordinary genetic versatility  of microbes 

that have capitalized on anthropogenic activities to utilize every source of resistance genes 

and horizontal gene transfer mechanism to develop multiple mechanisms of resistance for 

each and every antibiotic introduced into clinical and agricultural practice (Davies and 

Davies, 2010).  

Resistance to antimicrobials in bacteria is now known to originate from variation in DNA, 

some of which evolved long ago in soil bacteria (Kayser, 1993). The huge prescription of 

antibiotics and their uncontrolled extensive usage has resulted in the widespread of antibiotic 

resistance in microorganisms (Lamikanra et al., 1985; Davies and Davies, 2010). Antibiotic 

use creates conditions that allow bacteria with mechanisms for resistance to compete better. 

These mechanisms arise not only by mutation of microbial genes which code for antibiotic 

uptake into cells or the binding sites for antibiotics, but by horizontal spread or longitudinal 
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transfer of resistance determinants (Kayser, 1993) and has accounted in part to antibiotic 

resistance and virulence among Staphylococcus (Chan et al, 2011). 

Mobile genetic elements (MGEs) encode putative virulence factors and molecules that confer 

resistance to antibiotics, including the gene that confers resistance to β-lactam antibiotics in 

MRSA (Malachowa and Deleo, 2010). They include bacteriophages, pathogenicity and 

composite island, plasmids and transposon, staphylococcal cassette chromosome mec 

(SCCmec) and genomic islands (Malachowa and Deleo, 2010; Monecke et al., 2012; Stefani 

et al., 2012).    

The environment, and especially freshwater, constitutes ambiance for the evolution and rise 

of new resistances as it provides ‗environmental-hotspots‘ for antibiotics and other pollutants 

from different sources, environmental species with intrinsic antibiotic resistance mechanisms, 

and bacteria from different antibiotic sources to interact to acquire resistance determinants 

which may involve phages and integrons and introducing same into the clinics (Lupo et al., 

2012). 

 The problems posed by the increasing spread of multidrug-resistant S. aureus (MDR-SA) in 

clinical setting is compounded by the spectacular adaptive capacity of this pathogen resulting 

in the emergence and worldwide spread of lineages that acquired resistance to the majority of 

available antimicrobial agents, narrowing choice of therapy to a few antibacterial agents, 

among them the glycopeptide antibiotic vancomycin, which has become the mainstay of 

therapy worldwide (Mwangi et al., 2007). 
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2.4  Methicillin Resistant Staphylococcus aureus 

There has been a global increase of MRSA over the past few decades and hospital acquired 

methicillin resistant Staphylococcus aureus (HA-MRSA) has remained endemic in hospitals 

in most countries and regions. Strains of MRSA which had been largely confined to hospitals 

and long-term care facilities are emerging in the community with prevalence varying from 

country to country (Reyes et al., 2009). And though the origin (hospital or the community) of 

the emerging MRSA strains is not known, the prevalence of these strains in the community 

seems likely to increase substantially (Chambers, 2001). On the other hand, community 

acquired methicillin resistant Staphylococcus aureus (CA-MRSA) clones have been 

spreading rapidly in the community and also infiltrating healthcare in many regions of the 

world. Similarly, livestock associated methicillin resistant Staphylococcus aureus (LA-

MRSA) has remained prevalent in certain high-risk groups of workers in direct contact with 

live animals (Monecke et al., 2012, Stefani et al., 2012). 

Prolonged administration of antibiotic therapy or inadequate dosing of antibiotics selects for 

methicillin-resistant isolates in an overall population of S. aureus which may colonize and 

subsequently cause infection and/or serve as a reservoir for transmission to other patients in 

hospital setting (Henderson, 2006). Resistance in MRSA is associated with the production of 

PBP2a encoded by the mecA gene which acts by binding β-lactams to the cell wall and 

inactivating the β-lactam which prevents the antibiotic from acting on the bacteria (Thorne et 

al., 2010).  

The evolutionary origins of MRSA are poorly understood and there is no consensus on the 

nomenclature, the number of major MRSA clones or the relatedness of clones described from 

different countries (Enright et al., 2002). The first MRSA isolate evolved from a sensitive, 

epidemic strain prevalent in Europe and its progeny, the first MRSA clone, rapidly spread to 

other continents (Robinson and Enright, 2004). Analyses of epidemic MRSA isolates from 
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hospitals in different countries by molecular methods, including multilocus sequence typing 

(MLST) and DNA microarray analysis, reveal that MRSA strains have evolved separately 

within five distinct epidemic, sensitive lineages (Robinson and Enright, 2004; Johnson, 

2011). The over 3000 MRSA isolates from different regions of the world characterized, as 

reported by de Sousa and de Lencastre, (2004), confirms the existence of only a few epidemic 

clones worldwide, namely the Iberian, Brazilian, Hungarian, New York/Japan and Pediatric 

clones. This suggests that acquisition of the staphylococcal cassette chromosome SCCmec, 

the mobile genetic element harboring the mecA gene that confers methicillin resistance, has 

been a rare event (Brurec et al., 2011). 

Methicillin resistant Staphylococcus aureus (MRSA) seemed to have arisen by multiple 

introduction of SCCmec into successful methicillin-susceptible Staphylococcus aureus 

(MSSA) lineages which gradually acquired resistance to most antibiotics available in clinical 

practice by transfer of resistance genes probably from the environment or by mutation (de 

Sousa and de Lancastre, 2004; Gordon and Lowy, 2008; Jensen and Lyon, 2009; Hunter et 

al., 2011). Horizontal interspecies transfer of this element could be an important factor in the 

dissemination of MRSA, which evidence has shown is occurring amongst staphylococcal 

species (Bloemendaal et al., 2010). 

Methicillin resistance is different from penicillinase-mediated resistance because in addition 

to lack of drug inactivation, methicillin resistance is broad, conferring resistance to the entire 

β-lactam class of antibiotics, which include penicillins, cephalosporins and carbapenems 

unlike penicillinase-mediated resistance, which is narrow in its spectrum of activity, 

(Chambers and Deleo, 2009). 

The continued evolutionary changes of MRSA have resulted in its continuing threat to public 

health. The ever-increasing burden of MRSA infections in hospitals has led to the increased 

use of vancomycin, the last remaining antibiotic to which MRSA strains were reliably 
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susceptible (Chambers and Deleo, 2009). Emerging strains of S. aureus with reduced 

susceptibility to glycopeptides is presumed to be due to altered cell wall architecture arising 

from thickened and or poorly cross-linked cell wall peptidoglycan resulting in sequestered 

glycopeptides that are unable to reach their lethal target at the site of cell division (Howden et 

al., 2010). Or it could be as a result of intrinsic glycopeptides resistance which has been 

shown to evolve as a result of an accumulation of multiple genetic alterations including 

genomic mutations and regulatory changes (McCallum et al., 2010). In addition, 

chromosomally mediated resistance for vancomycin intermediate resistant Staphylococcus 

aureus (VISA) and vancomycin resistant Staphylococcus aureus (VRSA) strains acquire 

resistance by conjugal transfer of the vanA operon from an Enterococcus faecalis (Lowy, 

2003). Vancomycin (or glycopeptide) intermediate resistant S. aureus (VISA/GISA) have 

vancomycin minimum inhibitory concentration (MICs) in the range of 8–16mg/l (Hiramatsu, 

2001). Elevated MICs of up to or over 32 lg/mL is indicative of VRSA (Smith, 2005).  

Furthermore, quinolone (fluoroquinolone) resistance among S. aureus is associated with 

spontaneous chromosomal mutations in the target site of the antibiotic, topoisomerase IV or 

DNA gyrase, or by the induction of a multidrug efflux pumps (Lowy, 2003). 

2.4.1 Mechanism of Methicillin Resistance 

Methicillin resistance is conferred by the mecA gene, which encodes an aberrant penicillin-

binding protein (PBP2a) with decreased affinity for β-lactam antibiotics, so that PBP2a are 

able to catalyze the transpeptidation reaction required for peptidoglycan cross-linking, 

enabling cell wall synthesis in the presence of high concentrations of β-lactams which 

otherwise would inhibit the endogenous PBPs, and by so doing confer resistance to all β-

lactam antibiotics (Berger-Barchi, 1995; Hunter et al., 2011). 
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Resistance attributed to high levels of penicillin-binding protein (PBP2a) depends, in addition 

to PBP2a, chromosomally encoded factors that are involved in the synthesis and degradation 

of the peptidoglycan so that any mutations that reduce peptidoglycan precursor formation or 

change the chemical composition of the muropeptide precursor result in lowered resistance 

(Berger-Barchi, 1995). 

Expression of PBP2a is under dual regulatory control of its own mecR1 and mecI (Berger-

Barchi, 1995; Lewis and Dyke, 2000). The mec complex is carried by a novel mobile genetic 

element called staphylococcal cassette chromosome (SCCmec) which has a characteristic 

unique structure at the extremities and cassette chromosome recombinase (ccr) gene 

(ccrA/ccrB or ccrC) that allow horizontal transfer and acquisition of SCCmec and mec 

complexes amongst species and strains (Ito et al., 2001). 

The mecA structural gene is a small part of a much larger genetic element which is inserted 

precisely into the S. aureus chromosome. The SCCmec varies in size from 20 to 68 kb (Ito et 

al., 2001). The element is characterized by flanking terminal direct and, in most cases, 

inverted repeat sequences, the mec and ccr gene complexes, and their surrounding DNA in 

which unique combinations of the mec and ccr gene complexes generate various SCCmec 

types (Zhang et al., 2009). Based on the organization of mec and associated genes within the 

SCCmec complex, five (A–E) different classes of SCCmec have been defined, of which three 

(A–C) are the most common in Staphylococcus aureus. Amongst the three classes, only class 

A SCCmec consists of the complete mecA regulon (mec1-mecR1-mecA) because the 

regulatory genes in class B and C are disrupted by insertional sequences; SCCmec–IS1272-

DmecR1-mecA in class B and IS431-DmecR1-mecA in class C SCCmec elements 

(Malachowa and Deleo, 2010). 

The cassette chromosome recombinase (ccr) genes which four allotypes have been defined 

are located within the SCCmec element whose function is to integrate into, or excise SCCmec 
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from the chromosome at a specific site; attBssc at the 3‘ end of an open reading frame (ORF) 

of unknown function known as orfX (Ito et al., 1999). The regions outside the mec and ccr 

complexes are designated the (J) Joining or junkyard region and are divided into 3 (Ito et al., 

2004; Deurenberg et al., 2007) which constitutes non-essential components of the cassette 

that can carry additional antimicrobial resistance determinants (Hanssen & Sollid, 2007; 

IWG-SCC, 2009; Malachowa and Deleo, 2010). The SCCmec J1 region is located between 

the chromosome right junction to the ccr genes, J2 region from the ccr genes to the mec 

complex, and J3 region from the mec complex to the left extremity of orfX (Chongtrakool et 

al., 2006).  

Eleven SCCmec types have so far been described (IWG-SCC, 2011). Types I, II and III 

described by Ito et al. (2001) are significantly larger than types IV and V, and are mainly 

responsible for nosocomial infections.  According to Ito et al. (2001), the type-I cassette with 

a size of 34.364 bp does not have any transposons or plasmids that provide resistance to other 

drugs besides methicillin or to heavy metals. Type- II cassette which is 53.017 bp, in addition 

to the mecA and mecRI genes, contains transposon Tn554 responsible for the resistance of 

this SCCmec type to erythromycin and streptomycin. Type-III cassette has a size of 66.896 

bp and contains genes mecA, mecRI, transposons Tn554, and plasmid pt181. Transposon 

Tn554 induces cadmium resistance, and plasmid pt181 is responsible for tetracycline and 

mercury resistance. 

Type-IV SCCmec described by Ma et al. (2002) in community samples is mainly responsible 

for community infections. It is a small element that does not carry other resistance genes, 

except mecA. It is also divided into multiple subtypes arising from different sequences on the 

left extremity of the ccr complex, known as L – C region, which suggests that type-IV 

SCCmec is highly transmittable (Ito et al., 2004). 
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Type-V SCCmec with size of 27.624 bp identified by Ito et al. (2004) in an Australian isolate 

is larger than SCCmec IV with only genes that code for methicillin resistance similar to 

SCCmec IV. It has a new ccr gene type that is characterized as type C and is individually 

found, unlike other elements that have a pair of these genes. It has a restriction and 

modification system coded for by genes V22 and V23 commonly associated with community 

infections. 

Type-VI SCCmec as described by Oliveira et al. (2006) in pediatric clone of MRSA differs in 

the ccrAB complex identified as type 4, and the presence of the type-B mec complex, which 

does not have the mecl gene. 

Type-VII SCCmec as described by Higuchi et al. (2008) through a detailed analysis of 

community Staphylococcus aureus samples isolated in Taiwan, has a size of 41.347 bp, and a 

mec complex homologous to that found in type V. However, it presents substitutions, 

insertions and rearrangements that differentiate it. The cassette is characterized by the 

presence of the ccrC complex, transposon ΨIS431 and a unique sequence on the right side of 

the cassette which is referred to as orf35. 

The SCCmec VIII described by Zhang et al. (2009) in an MRSA sample from a hospital has a 

size of 32.168 base pairs. It also possesses genes mecA, mecR1 and mecI of the mec complex, 

ccrA4 ccrB4of the ccr complex and transposon Tn554, which is also present in type II. 

Types SCCmec IX (class C2, ccr1 mec gene complex), SCCmec typeX (class C 1, ccr7 mec 

gene complex) and SCCmec type XI (class E, ccr8 mec gene complex) have also been 

described (IWG-SCC, 2011).  

The initial reservoir of SCCmec is not very clear but is suspected to have arisen from 

coagulase-negative staphylococcal species (Gordon and Lowy, 2008).  According to Ito et al. 

(2001), ―SCCmec may have evolved from a primordial mobile element, staphylococcal 
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cassette chromosome (SCC) into which the mec complex was inserted and it is likely that 

SCCmec serves as the carrier of the mecA gene moving across staphylococcal species, since 

mecA genes in other staphylococcal species have never been found without the 

accompaniment of SCCmec-like structure‖  

Staphylococcal cassette chromosomes (SCCs) are relatively large fragments of DNA that 

always insert into the orfX gene on the Staphylococcus aureus chromosome and can encode 

antibiotic resistance and/or virulence determinants (Malachowa and Deleo, 2010). The 

SCCmec types differ from one another by the number of genes in their gene architecture 

(Hiramatsu et al., 2001). Some SCCmec are carriers of resistance genes that are determinants 

of multiple antibacterial drugs which includes β-lactam antibiotics, macrolides, lincosamides, 

streptogramins, aminoglycosides and tetracycline and bacterial cell acquiring such SCCmec,  

acquires a multiple-resistance phenotype (Ito et al., 2004). SCCmec type I, IV, V and VI 

encode resistance to β-lactam antibiotics only, while SCCmec type II and III carry multi-

resistant genes some on plasmids and transposons (Deurenberg et al., 2007). 

The levels of resistance amongst methicillin resistant Staphylococcus aureus do not correlate 

with the amount of PBP2 produced but are determined by the strain specific genetic 

background which is mecA-independent (Berger-Bachi, 1995). Among this is the 

pathogenicity island which three types (vSAα, vSAβ, and vαSγ) carrying different resistant 

genes have been described (Malachowa and Deleo, 2010). 

Although methicillin-resistant Staphylococcus aureus (MRSA) strains are not necessarily 

more virulent than methicillin-sensitive Staphylococcus aureus strains (MSSA), some MRSA 

strains contain factors or genetic backgrounds that may enhance their virulence or may enable 

them to cause particular clinical syndromes (Gordon and Lowy, 2008).  
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Staphylococcus aureus has a formidable ability to adapt to varying environmental conditions 

and the phenotypic expression of mecA gene is affected by various factors including pH, 

temperature and osmolarity (Sakoulas et al., 2001). It has an extraordinary capacity to rapidly 

become resistant to virtually all antibiotics which develops either through mutations and 

rearrangements within the staphylococcal genome, or by the acquisition of resistance 

determinants. According to McCallum et al. (2010), antibiotic resistance often imposes a 

fitness burden on the host and such biological costs can be reduced by tight regulation and 

antibiotic-inducible expression of resistance genes, or by compensatory mutations. Resistance 

induction by antibiotics can be mediated by dedicated, antibiotic-recognizing signal 

transducers or by mechanisms relieving translational attenuation (Balazy et al., 2006). 

The ease of acquisition of methicillin resistance by S. aureus has seriously threatened the 

effectiveness of antibiotic treatment of both nosocomial and community acquired infections 

(Chopra et al., 1997; Enright et al., 2000) and although the proportion of S. aureus 

bacteraemia due to MRSA is declining in many countries, data from the European 

Antimicrobial Resistance Surveillance System (EARSS) for 2008, showed that in more than 

one third of countries, the proportion remained 25% (Johnson, 2011). 
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2.5  Hospital Associated Methicillin Resistant Staphylococcus aureus 

Methicillin-resistant Staphylococcus aurous (MRSA) remains an important pathogen in 

clinical settings due to development of multiple-drug resistant strains, which makes it 

increasingly difficult to treat, and accounting for its leading role in nosocomial infections 

globally (Grundman et al., 2002; Enright et al., 2002). Infections with HA-MRSA remain a 

significant cause of morbidity and mortality in hospitals worldwide, with a small number of 

clones accounting for a large number of hospital acquired infections (Elston and Barlow 

2009; Howden et al., 2011), whose incidence vary from country to country (Brurec et al., 

2011). However by the 1990s it had spread into community worldwide (Persoons et al., 

2009).  

Methicillin resistant Staphylococcus aureus (MRSA) nosocomial infections were originally 

detected in large tertiary hospitals and in intensive care units, where colonized and infected 

patients as well as colonized health care workers were a significant source of cross-infection. 

Presently however, MRSA is one of the most common pathogens in hospitals of all sizes with 

increasing prevalence (de Sousa and de Lencastre, 2004). Only people with direct exposure to 

health-care setting such as hospitalization, outpatient visit, nursing home admission, 

antibiotic exposure, chronic illness, surgery or indwelling catheters or in close contact with 

people with these risk factors were at risk of HA-MRSA infection (Foster, 2004; Zetola et al., 

2005). Colonization increases risk of infection and nasal carriage is one of the important 

sources of staphylococcal nosocomial infection among hospital personnel (Farzana et al., 

2008). Patient-to-patient transmission of MRSA within healthcare settings primarily occurs 

via carriage on the hands of healthcare workers (Henderson, 2006).  

The multidrug resistance propensity of MRSA commonly found in clinical settings is due to a 

relatively large staphylococcal chromosomal cassette mec (SCCmec) belonging to types I, II, 

and III containing the mecA gene, which is nearly universal among MRSA isolates (Zetola et 
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al., 2005). HA-MRSA strains seldom carry the genes for the Panton-Valentine leukocidin 

(PVL) and are frequently resistant to many classes of non-β-lactam antimicrobials (David and 

Daum, 2010).  

While only few clonal types have been identified to be responsible for most of hospital 

acquired infections worldwide and disseminating across borders (Gordon and Lowy, 2008), 

the hospital epidemiology of MRSA has changed in the past few years due to the 

encroachment of community-associated MRSA (CA-MRSA) strains into health care settings 

(Valsesia et al., 2010). Study using pulsed-field gel electrophoresis (PFGE) showed that 

USA100, USA700 and USA 800 were found to be mostly associated with nosocomial 

infections (Pu et al., 2009) 

2.6  Community Associated Methicillin Resistant Staphylococcus aureus (CA-MRSA). 

Methicillin resistant S. aureus (MRSA) traditionally associated with hospitals and other 

health care settings has now emerged as a widespread cause of community infections whose 

outbreaks have been reported worldwide especially among healthy individuals (Chambers 

and Deleo, 2009). The increasing incidence of MRSA infections has been attributed to this 

new MRSA clones known as community-associated MRSA (CA-MRSA) (Baba et al., 2002; 

An Diep et al., 2006). 

Methicillin resistant S. aureus (MRSA) as a community pathogen has emerged in several 

countries, and multilocus sequence typing (MLST) and SCCmec typing have shown that the 

genotypes of community-acquired MRSA (CA-MRSA) strains are remotely related to 

hospital MRSA strains, and thus represent novel acquisitions of SCCmec (Robinson and 

Enright, 2004). CA-MRSA strains are therefore different from those in health care facilities 

(Nabera, 2009).  
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The origin of CA-MRSA is not clear. It was thought to have emanated only from patients 

discharged from hospitals into the community (de Sousa and de Lencastre, 2004) but the 

discovery of MRSA strains with distinct genetic and diverse properties indicates that MRSA 

strains may also have originated from the community (Charlebios et al., 2004) causing skin 

and soft tissue infections in people, mostly children, with no underlying classical risk factors 

(Hunter et al., 2011). Furthermore, it appears that MRSA transmission from the hospital 

setting to the community and new acquisitions of SCCmec DNA in susceptible backgrounds 

may account for its emergence (de Sousa and de Lencastre, 2004).  

Outbreaks and epidemics of CA-MRSA now occur worldwide with similar epidemiology and 

although the specific clones that have emerged vary with geographical location, the rapid 

dissemination of community-acquired methicillin-resistant Staphylococcus aureus (CA-

MRSA) since the early 2000s and the appearance of new successful lineages is a matter of 

concern (de Sousa and de Lencastre, 2004). CA-MRSA is susceptible to numerous antibiotics 

to which hospital strains are routinely resistant. Two molecular markers that are not found in 

typical hospital MRSA strains are strongly associated with CA-MRSA regardless of 

geographical origin: a specific cassette element encoding mecA and genes encoding PVL 

(Chambers and Deleo, 2009). This new and distinct strain of Staphylococcus aureus with 

high virulence is associated with high morbidity and mortality in the community (Baba et al., 

2002; Nabera, 2009; Hunter et al., 2011). 

Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) was first 

reported in Western Australia in the early 1990s from indigenous peoples living in remote 

areas (Coombs et al., 2005). This unique MRSA clones with more susceptibility to non β-

lactam antibiotics, carrying type IV staphylococcal cassette chromosome mec gene and 

Panton-Valentine leukocidin (PVL) genes have been identified in many other countries 

including United States (Lina et al., 1999; Okuma et al., 2002; Reyes et al., 2009).  Though 
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non multidrug-resistant initially, many of these CA-MRSA clones have acquired plasmids 

and chromosomal resistance determinants in recent years allowing some strains to become 

resistant to 5 or more non β-lactam antimicrobial agents, including erythromycin, 

tetracycline, trimethoprim, ciprofloxacin, gentamicin, rifampin, fusidic acid, and mupirocin 

(Coombs et al., 2005). 

According to Centre for Disease Control (CDC)(2005), Fey et al. (2003) and David et al. 

(2007), community acquired methicillin resistant Staphylococcus aureus (CA-MRSA) 

infections do not have typical MRSA risk factors such as recent hospitalization, kidney 

dialysis, surgery, haemodialysis, indwelling catheter, long-term residence in a health care 

facility or intravenous drug use. Clinically, CA-MRSA differs from HA-MRSA by its 

specific involvement in skin and soft tissue infections, occurrence in diverse and often 

healthy populations especially children without clear risk factors, difference in antimicrobial 

susceptibility patterns, genetic markers and its frequent association with PVL genes (Foster, 

2004; David and Daum, 2010; Hunter et al., 2011).  

The strain possesses more invasive capabilities and is associated with reported cases of 

epidemic furunculosis and severe invasive pulmonary infections in the young and otherwise 

healthy people (Zetola et al., 2005; Elston and Barlow, 2009). Though all CA-MRSA strains 

share a type IV SCCmec cassette and the Panton-Valentine leukocidin locus, the toxin genes 

associated with it vary from continent to continent (Vandenesch et al., 2003).  

Panton-Valentine leukocidin (PVL) and its genes (lukS-lukF) which elicit tissue necrosis are 

the most well-known community-acquired methicillin resistant Staphylococcus aureus 

virulence factor and though present in most cases of CA-MRSA infection worldwide (Lina et 

al., 1999; Zetola et al., 2005; Elston and Barlow, 2009), it may not to be essential for the 

evolution of other community-associated strains of MRSA, including ST8:USA300 and 
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ST59:USA1000 (An Diep et al., 2006). Its occurrences in urban regions with large 

populations of lower socio-economic status, overcrowding and young children has become a 

global problem (Moran et al., 2006; David et al., 2007; Ghebremedhin et al., 2009; Nabera, 

2009). 

The burden of CA-MRSA infections varies widely between different groups of individuals 

and in different regions of the world. In Taiwan, skin and soft-tissue infection (SSTI) was the 

most common presentation of CA-MRSA infection including staphylococcal scalded skin 

syndrome, bacteraemia/septicaemia, necrotizing pneumonitis, osteomyelitis/arthritis with or 

without septic pulmonary embolism, deep-seated soft tissue infection (STI) necrotising 

fasciitis, peritonitis and orbital cellulites (Huang and Chen, 2011). In Europe, the 

predominant strains are ST80, ST8 and ST5; in the US, the commonest clone of methicillin 

resistant Staphylococcus aureus associated with community acquired infection is USA300 

and USA400 strains  while in Australia they are ST93 and ST1(Pu et al., 2009, Chen, 2012). 

In Nigeria however, ST88 and ST152 have been reported (Ghebremedhin et al., 2009; Shittu 

et al., 2011).  Studies in Nigerian have revealed that 40% of methicillin susceptible 

Staphylococcus aureus (MSSA) isolates of sequence type ST152 from wound infections and 

8.13 % MSSA from diverse biological specimens from hospitalized and extra-hospitalized 

patients carry Panton-Valentine leukocidin (PVL) genes (Sani et al., 2011; Shittu et al., 

2011). This finding indicates that Panton-Valentine leukocidin (PVL) may not be an 

exclusive marker of CA-MRSA and that both methicillin-susceptible Staphylococcus aureus 

(MSSA) and community-associated methicillin-resistant S. aureus (CA-MRSA) could 

express PVL (Mine et al., 2012). 

While HA-MRSA strain types are rarely transmitted in the community, CA-MRSA strains 

are now transmitted in healthcare facilities, making it difficult to differentiate both on the 

basis of their epidemiology (Otter and French, 2011). Genetic characterization using 
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multilocus sequence typing (MLST), spa typing of the polymorphic region X of 

Staphylococcus aureus protein A and SCCmec has provided the best way to differentiate CA-

MRSA from HA-MRSA (Coombs et al., 2012). Community strains of S. aureus are distinct 

from HA-MRSA by the nature of the staphylococcal cassette chromosome mec, the spa types 

and although phenotypic markers such as carriage of Panton-Valentine leukocidin or 

antimicrobial susceptibility profiles can be useful indicators of CA-MRSA combining them 

with genotypic typing provides a more robust differentiation of the two (Mediavilla et al., 

2012).   

2.7  Livestock Associated Methicillin Resistant Staphylococcus aureus. 

Methicillin-resistant Staphylococcus aureus (MRSA) has been detected in several species of 

animals and animal-derived products (Waters et al., 2011). Animals can act as a reservoir and 

source for the emergence of novel methicillin-resistant Staphylococcus aureus (MRSA) 

clones in humans (Garcia-Alvarez et al., 2011). Recently, a new livestock-associated 

methicillin-resistant Staphylococcus aureus (LA-MRSA) sequence type 398 (ST398) isolate 

with high prevalence rates in pigs and calves has emerged worldwide causing invasive 

disease in humans (Shijffelen et al., 2010). And since its discovery in the early 2000s, MRSA 

of clonal complex 398 (CC398) has become a rapidly emerging cause of human infections, 

most often associated with livestock exposure (Price et al., 2012). There is also a report of 

high prevalence of methicillin susceptible S. aureus (MSSA) of clonal complex (CC398) 

among pigs in Europe (Hasman et al., 2010). Studies provide strong evidence that CC398 

originated in humans as MSSA and then spread to livestock, where it acquired resistance to 

methicillin and tetracycline and with the jump from human to animals came the decreased 

capacity for human colonization, transmission, and virulence (Price et al., 2012) 

The sequence type ST398 has also been isolated from other animal species and has become 

known as livestock-associated methicillin resistant Staphylococcus aureus (van Cleef et al., 
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2011). These include veal calf (Wulf et al., 2006), cattle (Vanderhaeghen et al., 2010), horses 

and dogs (Witte et al., 2007). There is strong evidence that MRSA of ST398 from horses are 

unrelated to the other ST398 isolates and probably have evolved independently by acquisition 

of a different SCCmec element as they contained SCCmec elements of group IVa (Witte et 

al., 2007). 

Apart from CC398/ST398 with (t011, t034, t108, t567, t571, t1451, t2011, 2510) livestock 

indicator spa types, other LA-MRSA clonal lineages have also been detected in animals in 

Europe and elsewhere (Kock et al., 2013). These include CC9/ST9 with t1430 and t5487 as 

livestock indicator spa types; CC5/ST5 with t002 as the livestock indicator spa type; 

CC97/ST97 with t3992 as the livestock indicator spa type; CC30/ST39 with t007 as livestock 

indicator spa type. All these clonal and sequence types have been reported in Germany in 

different animal species according to European baseline study as cited by Kock et al. (2013). 

The first case of livestock associated methicillin resistant Staphylococcus aureus strains 

ST398 emerging in healthy poultry in Europe were reported in Belgium in 2008 (Nemati et 

al., 2008). spa type t1456 of ST398 has been reported in poultry and more specifically in 

broiler chickens in Belgium that are different from spa types found in other animal species 

but it is not clear whether this spa type is peculiar to chicken (Persoons et al., 2009). In the 

Netherlands, Mulders et al. (2010) reported both ST398 and ST9 in broiler chickens and 

slaughter house personnel. While Hasman et al. (2010) found no ST398 in clinical isolates 

from poultry in the Netherlands. Other studies in addition have reported ST5 as dominant 

strain in poultry rather than ST398 (Lowder et al., 2009; Hasman et al., 2010).  

Antibiotics such as bacitracin, Chlortetracycline, erythromycin, penicillin and 

fluoroquinolones licensed to treat diseases in man and animals are used in the treatment and 

control of bacterial diseases in poultry (Kilonzo-Nthenge et al., 2008) and may account for 

the emergence of antibiotic resistance in poultry (Nemati et al., 2008). 
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While in Europe and Americas as reported by Smith and Pearson (2011), ST398 is the 

predominant sequence type associated with pigs and calves, the dominant type in Asia is ST9. 

Furthermore, ST398, ST9 and ST5 have also been reported in poultry in Europe and Asia 

(Nemati et al., 2008, Lowder et al., 2009; Hasman et al., 2010; Mulders et al., 2010). 

MRSA ST398 is non-typable (Soavi et al., 2010). According to Huijsdens et al. (2007), 30% 

of all human isolates of MRSA sent to the National Institute for Public Health and the 

Environment in 2007 in the Netherlands could not be typed by pulsed-field gel 

electrophoresis (non-typable (NT)-MRSA). Molecular characterization of the NT-MRSA 

isolates revealed 27 different spa types and 2 distinct SCCmec types: type IV and V which 

were closely related based on spa and multi-locus sequence typing. They belonged to ST398. 

Furthermore, Price et al., (2012) identified 15 different spa types among 89 clonal complex 

(CC398) isolates from 19 countries and 4 continents using whole genome sequence typing 

(WGST).  

Initially, MRSA ST398 isolates did not cause frequent invasive disease in humans, which 

may be due to the absence of several common virulence factors, however, the enhanced 

ability of S0385 a MRSA ST398 isolate from human endocarditis to acquire mobile elements 

suggests a possible rapid acquisition of determinants which contribute to virulence in human 

infections in this species (Shijffelen et al., 2010).  
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2.8  Transmission of Methicillin resistant Staphylococcus aureus.  

Staphylococcus aureus is a ubiquitous organism whose niche remains the anterior nares; 

however, skin, throat, intestinal tract and vagina are other potential habitats making human to 

human contact one way of transmitting the bacterium. MRSA is harbored sporadically and 

patients do not have to be placed in contact isolation based on a history of previously being 

MRSA positive (Spence et al., 2009). 

Transmission of MRSA occurs by direct contact with infected and colonized individuals 

shedding the bacterium, through contaminated formites and air. While frequent hand washing 

is a protective factor against MRSA infection, sharing of personal items with other persons 

such as nail clippers, towels, razors, underwear or cosmetics had more than three times higher 

risk of CA-MRSA infection than those who had not; a good proof of the importance of 

fomites in the transmission of MRSA (Leung et al., 2012). 

MRSA is principally a human pathogen, and molecular typing has shown that certain clones 

have spread widely between humans and from humans to animals and have emerged in pigs, 

poultry and cattle (Hunter et al., 2011). There are various reports of transmission of MRSA or 

MSSA between human patients, their family members and dogs living in the same household 

or those in contact with livestock (Voss et al., 2005; Witte et al., 2007; Waters et al., 2011). 

There is also a report of transmission between swine and swine workers, an indication that 

agricultural animals might be a major reservoir (Smith et al., 2009). 

MRSA carriage can be a serious health risk to pet owners with susceptibility to infection 

since pet animals can disseminate acquired resistant bacteria by faecal shedding, enhancing 

their spread in humans and in the environment (Waters et al., 2011). The most frequent 

MRSA isolates from animals are ST398, and although pigs and veal calves constitute the 

main reservoirs, multidrug resistant PVL positive clones have also been isolated from 
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chickens and horses and can be transferred to humans and people working in food animal 

production contributing greatly to CA-MRSA cases (Van-loo et al., 2007; Hunter, et al., 

2011). Studies elsewhere reports direct associations between animal and human carriage of 

ST398; between antibiotic resistance in animals and antibiotic usage; between hygiene and 

prevalence; and between farmers and family members which may be attributed to occasional 

human to human transmission (Smith et al., 2009; Graveland et al., 2010). 

In Europe (Netherlands, Denmark, Belgium) and Canada, there appear to be an increasing 

problem involving transmission of MRSA ST398 from colonized livestock, particularly pigs, 

to farm workers, abattoir workers and veterinarians who are in contact with such animals 

(Johnson, 2011; Hunter et al., 2011). The isolation of MRSA ST398 showing the same 

characteristics from a wound infection in a dog and from nasal colonization of the staff of a 

veterinary practice where this dog had been treated suggests that interspecies transmission 

may occur (Witte et al., 2007). MRSA carriage of 33% and 8% in farmers and their relatives 

respectively have been reported in 102 farms study  in the Netherlands where 88% of the 

farms were found to harbor MRSA while 28% of the calves were positive (Graveland et al., 

2010). On the average, MRSA carriage in pig and veal calf farmers in the Netherlands is 

estimated at 25 to 35% (van Cleef et al., 2011). 

Clone of MRSA ST398 exhibiting similar spa types with SCCmec elements of types IVa or 

V has also been isolated from colonized and infected humans and companion animals in 

Germany, Austria and Netherlands (Witte et al., 2007; van Cleef et al., 2011). MRSA 

sequence type ST398 with SCC mec V has also been identified in patients with skin and soft 

tissue infection in Canada though the prevalence rates  in the general human population were 

unknown (Golding et al., 2010). A study in Midwestern US reported methicillin-resistant 

Staphylococcus aureus ST398 prevalence of 49% in swine and 45% in swine workers (Smith 

et al., 2009). Lozano et al. (2011) reported spa type t1451 of MRSA ST398 with SCCmec 
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type V in a skin lesion and nasal sample of a pig-farmer, his brother, and nine pigs from his 

farm, suggesting a possible transmission from animals to humans.  

The presence of Livestock associated methicillin-resistant Staphylococcus aureus (LA-

MRSA) in farmers constitutes a major threat to public health and health care system (Smith et 

al., 2009; Golding et al., 2010; Waters et al., 2011).  MRSA prevalence in humans is strongly 

associated with prevalence in animals and intensity of contact with animals positive for 

methicillin-resistant Staphylococcus aureus (Graveland et al., 2010). Human MRSA clones 

have also been reported in animals in Upper Midwestern and Northeastern United States 

which suggests possible reverse zoonotic transmission (Lin et al., 2010).  

Although the rate of transfer of ST398 from animals to humans may be low, its presence in 

most animals and in most countries may nevertheless prove it as a reservoir of CA-MRSA 

(Hunter et al., 2011). 

Incidence of MRSA causing serious infections amongst hospitalized and non-hospitalized 

patients has been reported in several places in Nigeria and elsewhere (Okesola et al., 1999; 

Adegoke and Komolafe, 2009; Ghebremedhin et al., 2009; Sani et al., 2011; Orji et al., 

2012). Several sequence types including ST5, ST8, ST94 and ST241 have been reported in 

Nigeria (Shittu et al., 2011). In Southwest Nigeria, a study in Ibadan involving 188 cases of 

wound infection in University College Hospital Ibadan between December 1994 and April 

1995 showed that 78 strains from 188 isolates were methicillin resistant (Okesola et al., 

1999). Similarly, Adegoke and Komolafe, (2009) reported 50% methicillin resistance 

amongst isolates of Staphylococcus aureus in Ile-Ife with 70% producing β lactamases. In 

another study still in Southwest Nigeria, 20.2% of 346 isolates were methicillin resistant 

while 47.15% of them met the criteria for CA-MRSA (Ghebremedhin et al., 2009). 

Furthermore, MRSA and MSSA producing PVL and vancomycin resistant S. aureus (VISA) 

have also been reported in Nigeria (Sani et al., 2011; Orji et al., 2012).  
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2.9 Molecular typing of Methicillin resistant Staphylococcus aureus 

Molecular methods have been developed to identify Staphylococcus aureus where results are 

ambiguous and where clinical samples have a high suspicion of MRSA infection (Brown et 

al., 2005). A combination of different typing methods, namely pulsed-field gel 

electrophoresis, multi-locus sequence typing and SCCmec typing have been used to 

characterize MRSA (de Sousa and de Lencastre, 2004). In the USA and elsewhere for 

instance, pulsed-field gel electrophoresis (PFGE) technique has identified 8 MRSA types: 

USA100 to USA800, which are involved in staphylococcal infections (Pu et al., 2009).  

The phenotypic expression of mecA gene is affected by various factors including pH, 

temperature and osmolarity and when proper conditions for laboratory MRSA detection, 

together with Mueller-Hinton agar supplemented with NaCl and adequate temperature and 

time, as recommended by Clinical and Laboratory Standards Institute (CLSI) are applied, 

detection is easily achieved (Sakoulas, 2001).  

Staphylococcus aureus presents a highly clonal structure initially revealed by multilocus 

enzyme electrophoresis (MLEE) and pulsed field gel electrophoresis (PFGE), and afterwards 

by multilocus sequence typing (MLST) (Feng et al., 2008). Molecular typing of MRSA is 

required to study the routes and rates of transmission of this pathogen (Schouls et al., 2009). 

Several molecular typing methods with standardization and optimization of sequence-based 

techniques offering broad applicability and high throughput have been described and used for 

the identification of MRSA (Struelens et al., 2009).  

Typing methods are either phenotypic or genotypic. The phenotypic methods involves 

products of gene expression and includes biotyping that exploits biochemical profiles, 

serotyping that utilizes series of antibodies to detect surface antigens on bacterial cells,  

phage typing that exploit phage infectivity profile of the organism and its antibiotic 
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susceptibility pattern (Tenover et al., 1997). The phenotypic methods in general are easier to 

perform, easier to interpret, cost effective and are widely available, however, it is less 

discriminatory (Mehindratta and Bhalla, 2012).  

Genotypic methods involves the analysis of the genetic structure of the organism 

polymorphism DNA restriction pattern based on enzymatic cleavage of the chromosomal 

DNA into few or several fragments (Tenover et al., 1997). Genotyping includes plasmid 

finger printing in which  the number and size of plasmid present in a cell form basis for its 

identification, pulsed-field gel electrophoresis (PFGE), polymerase chain reaction (PCR), 

Mutilocus sequence typing (MLST) which though cumbersome, expensive and technically 

demanding are more discriminatory (Tenover et al., 1997; Mehindratta and Bhalla, 2012).  

Pulsed field gel electrophoresis (PFGE), Multilocus sequence typing (MLST), randomly 

amplified polymorphic DNA analysis, spa typing, SCCmec typing and phage typing are 

epidemiological tools that have been used to characterize MSRA (Tenover et al., 1997; 

Grundmann et al., 2002;  Derenberg et al., 2007; Mehindratta and Bhalla, 2012). PFGE 

which is based on the digestion of chromosomal DNA with the restriction enzyme SmaI, 

followed by agarose gel electrophoresis is still considered to be the gold standard for typing 

of MRSA isolates though the method is time-consuming and expensive (Stranden et al., 

2003). It is one of the most discriminative typing methods and is used to study MRSA 

outbreaks in hospitals and hospital-to-hospital transmission (Deurenberg et al., 2007). As 

PFGE is  hampered by inadequate laboratory-to-laboratory reproducibility (Chung et al., 

2000), DNA sequencing methods including MLST, spa typing, SCCmec typing and toxin 

gene profile typing are more practical methods for detecting evolutionary changes and 

transmission events (Pfaller, 2001).  

Isolates of bacteria that are indistinquishable in genotype are assigned as a clone, having 

descended from the same ancestor. As recombinational and replacement events results in 
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diversification of the anscestral genotypes or clonal complex which varies from bacteria to 

bacteria with some more stable, clone and clonal complexes needs to be assigned by indexing 

the genetic variation that is selectively neutral (Spratt, 2004). This has been achieved using 

MLST.  

MLST is currently the most popular typing method that sequences the seven housekeeping 

genes (arcC, aroE, glpF, gmk, pta, tpi, and yqiL) in which, the difference in each gene 

sequences are assigned as alleles and the alleles at the seven loci provide an allelic profile, 

which unambiguously defines the sequence type (ST) of each isolate and in which isolates 

with at least six of seven matching genes are considered to belong to the same clonal complex 

(CC) (Feng et al., 2008). It  involves sequencing DNA fragments of about 500 bp of the 

seven housekeeping genes which are compared to known alleles at each locus via the MLST 

website (http://www.mlst.net), where every isolate is described by a seven-integer allelic 

profile that defines a sequence type (ST) (Robinson and Enright, 2004; Deurenberg et al., 

2007). 

Staphylococcal cassette chromosome mec (SCCmec) typing in combination with genotyping 

of the Staphylococcus aureus chromosome has become essential for defining methicillin-

resistant Staphylococcus aureus (MRSA) clones in epidemiological studies (Kondo et al., 

2007; Derenberg et al., 2007). SCCmec elements are currently classified into different types 

based on the nature of the mec and ccr complexes, and subtypes according to their junkyard 

(joining) region DNA segments (Zhang et al., 2005); a feature very important in 

understanding  MRSA epidemiology). SCCmec type assignment system developed by Kondo 

et al, (2007) consists of 6 multiplex PCRs for identifying the ccr gene complex, the mec gene 

complex and specific structures in the junkyard (J) regions and therefore can be applied in the 

typing of SCCmec elements. The 3 methods mainly used to characterize SCCmec are; i) a 

multiplex PCR for SCCmec types in which mecA and different loci on SCCmec are detected 
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as developed by Oliveira et al. (2002); multiplex PCR in which the structure of the mec 

complex and the ccr genes are amplified by PCR as developed by Ito et al. (2001), and PCR 

for the specific structures in the junkyard (J) regions as developed by Kondo et al. (2007).  

The sequences of the polymorphic region X of the Staphylococcus aureus protein A (spa) 

gene have been used to develop a single-locus sequence typing technique (spa typing) for 

MRSA whose locus consists of a number of mainly 24-bp repeats, attributed to deletions and 

duplications of the repeats, and more seldom, to point mutation (Deurenberg et al., 2007).  As 

a result, spa typing can be used to investigate both the molecular evolution and hospital 

outbreaks of MRSA  

Despite all the success recorded with these techniques, there is no consensus regarding the 

single best method for typing of MRSA strains (Mehindratta and Bhalla, 2012), and while 

there is no single typing method that meets all the above criteria, there have been recent 

trends towards the use of spa, MLST and SCCmec methods in preference to PFGE and 

MLVA (Monecke et al., 2012).  
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CHAPTER THREE 

3.0  MATERIALS AND METHODS 

3.1  The Study Area 

This research work was carried out in Abakaliki, Onueke and Afikpo areas of Ebonyi State, 

Nigeria. The State is located within the rain forest belt at coordinates 6˚15″ N 8˚ 05″E with 

two distinct seasons: the wet and dry seasons. While the rainy season occurs between April 

and October, the dry season is usually between November and March. Ebonyi State is a 

mainland state, inhabited and populated primarily by Igbo speaking people. Its capital, 

Abakaliki is the largest city in the State followed by Afikpo. It covers a total area of 5,530 

km
2
, (Uneke and Ibeh, 2009).  

The State lacks grazing land and because of this, grazing is practiced at subsistence level. 

Poultry farming is a big enterprise in the area. There are many poultry farms scattered all 

over the State in addition to the traditional chicken farming system practiced in the rural 

communities where chicken are reared and raised for food in homes and households. 
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Figure 3.1: Map of Ebonyi State showing Abakaliki (Ebonyi North), Onueke (Ebonyi Central) 

and Afikpo (Ebonyi South) districts where the poultry farms sampled were located. 
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3.2  The Study Population 

Nine poultry farms spread across the 3 senatorial districts (3 farms from each senatorial 

district) of Ebonyi State were screened for S. aureus and methicillin resistant Staphylococcus 

aureus (MRSA). Two hundred (200) birds selected at random (100 broilers and layers each) 

from each of the poultry farms were screened. All the farms selected were of comparative 

size with similar features; i) all the farms had more than 400 birds; ii) the buildings in the 

farms were similar; iii) each farm had between 2 to 5 members of staff. 

Consenting Poultry farm workers in each of the selected farms were screened for MRSA 

carriage. Likewise, clinical isolates of staphylococci from the microbiology unit of three 

hospitals selected, one from each of the senatorial districts in the State were screened for 

methicillin resistance. 

3.3  Ethical Considerations 

The study protocol was approved by the Department of Pharmaceutics and Pharmaceutical 

Microbiology of the Faculty of Pharmaceutical Sciences, Ahmadu Bello University Zaria. 

Informed consent was obtained from each of the participating poultry farm worker for 

inclusion in the study. Ethical clearance was obtained from Federal Teaching Hospital 

Abakaliki which in addition, covered the other two hospitals that used the teaching hospital 

as their referral center. (Appendix 1a). These other two hospitals had no ethical committee.  

3.4.0 Methodology  

3.4.1  Collection of Nasal and Cloacae Swabs of Poultry 

The nostrils and cloacae of the chicken (layers and broilers) selected at random were swabbed 

using improvised sterile cotton tipped swab sticks (smaller than standard swab sticks) 

moistened with normal saline for the nostrils because of their small size, and a standard swab 
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stick moistened with normal saline for the cloacae. These were taken, processed and analyzed 

as described by Persoons et al. (2009). 

3.4.2  Collection of Nasal Swabs of Poultry Farm Workers 

A modified nasal collection method as described by Nworie et al. (2013b) was used in the 

collection of the nasal samples. In this method, the anterior nares of each poultry farm worker 

consenting to the study was swabbed with a sterile cotton swab dampened with sterile normal 

saline by rubbing (rolling) the swab stick in both nostrils one after the other using the same 

swab stick. This was transferred in ice to the Department of Medical Laboratory Science 

Laboratory where they were analyzed using standard bacteriological techniques for the 

presence of Staphylococcus aureus. 

3.4.3  Clinical Isolates of Staphylococci   

Clinical isolates of staphylococci species from different sources (wounds, urine, sputum and 

otitis media) from each of the selected hospitals in the State were collected from December, 

2011 to August, 2012 and screened for Staphylococcus aureus using standard bacteriological 

procedures. 

3.5.0 Preparation of Culture Media 

All media were prepared in the laboratory according to the manufacturers‘ instructions and 

directions and sterilized at 121
o
C for 15 minutes. The media include: peptone water, nutrient 

agar, Brain Heart infusion broth, Mueller Hinton agar, Baired Parker agar and Mannitol Salt 

agar all from Oxoid Co UK). (Appendix II). 
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3.5.1  Preparation of Blood Agar 

Appropriate quantity of nutrient agar powder was dissolved in corresponding volume of 

water and autoclaved at 121
o
C for 15 minutes. The medium was allowed to cool to 50

o
C in a 

water bath. Sterile expired human blood obtained from Federal Teaching Hospital Abakaliki 

was aseptically added to the molten nutrient agar and mixed properly. The prepared blood 

agar was then dispensed aseptically into sterile Petri-dishes and the surface flamed to remove 

air bubbles.  

3.12.� Phenotypic Screening to Identify Staphylococcus aureus 

The phenotypic screening to identify Staphylococcus aureus and MRSA was carried out in 

the research laboratory of the Department of Medical Laboratory Science, Faculty of Health 

Science and Technology, Ebonyi State University, Abakaliki, Nigeria. 

Staphylococcus aureus was isolated and identified by exploiting its culture characteristics and 

biochemical activities using standard bacteriological techniques. General and selective 

culture media, Gram reaction, catalase production, slide and tube coagulation assay and latex 

agglutination tests as described by Barrow and Feltham (1993), Isenberg (1998), 

Cheesbrough  (2000), Jensen and Lyon (2009) and Nwankwo and Nasiru (2011) were 

utilized.  

All the chicken nasal and cloacae swabs collected from the selected poultry farms and nasal 

swabs collected from anterior nares of the consenting Poultry farm workers were inoculated 

first into brain heart infusion broth as described elsewhere (Persoons et al., 2009; Olayinka et 

al., 2010) and the overnight culture were then subcultured onto 5% blood agar, mannitol salt 

agar and Baird Parker agar. After overnight incubation at 37
o
C, colonies showing appropriate 

β-haemolysis and growth pattern that resembled staphylococci and producing the 

characteristic golden yellow colonies on mannitol salt agar and black colonies surrounded by 
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clear hallow on Baird Parker agar were isolated as presumptive Staphylococcus aureus 

(Boerlin et al., 2003; Olayinka et al., 2010). The colonies were also tested for their Gram 

reaction, catalase, coagulase (slide and tube) and latex agglutination reaction. Isolates that 

tested positive in all these tests were documented. 

3.6.1  Gram Staining 

The isolates were stained for Gram reaction using the standard staining procedures as 

described by Isenberg, (1998) and Cheesbrough, (2000). The stained preparation was viewed 

using the oil immersion (x100) objective. The reaction, morphology and arrangement of the 

isolates were recorded. 

3.6.2  Catalase Test  

Catalase test was carried out as described by Ochei and Kohlhatkar, (2000). A colony of each 

Gram positive isolate was placed on a clean grease-free slide. Two drops of hydrogen 

peroxide (H2O2) were added using Pasteur pipette and observed for effervescence.    

3.6.3  Coagulase Test 

The slide agglutination test was carried out as described elsewhere (Cheesbrough, 2000). A 

drop of sterile normal saline was placed on one end of a clean grease-free slide and a drop of 

plasma on the other end. A colony of the test isolate was collected with a sterile wire loop 

and emulsified on the sterile normal saline and on the plasma. The sterile normal saline was 

used as a negative control. The two suspensions were observed for clumping. A confirmatory 

tube coagulase test was performed according to standard microbiological procedures as 

described by Boerlin et al. (2003) and results were recorded after 4 and 24 hours of 

incubation at 37 
o
C. 
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3.12.� Antibiotic Susceptibility Testing (AST)  

Susceptibility of nare (chicken and volunteers), cloacae and clinical isolates of S. aureus to 

Gentamicin (10 µg), Rifampicin (5 µg), Cefuroxime (30 µg), Trimethoprim/Sulphamethoxazole 

(1.25/23.75 µg), Linezolid (30 µg), Chloramphenicol (30 µg), Dalfopristin (15 µg), 

Doxcycline (30 µg), tetracycline (30µg), Erythromycin (15 µg), Levofloxacin (5 µg), 

Augmentin (30 µg), Vancomycin (30 µg) and Cefoxitin (30 µg) (all from Oxoid Co. UK), 

was determined on Mueller-Hinton agar using the Kirby-Bauer-CLSI modified disc agar 

diffusion (DAD) method as described elsewhere (Isenberg, 1998; Grundmann et al., 2002; 

Nwankwo and Nasiru, 2011) with standard type Staphylococcus aureus (ATCC 33252). 

Results were interpreted in accordance with the CLSI guideline M2-A9 and M7-A7 (CLSI, 

2008).   

McFarland turbidity standard of 0.5 suspensions containing about 1.5X10
8 

CFU/ml of 

bacteria of each confirmed Staphylococcus aureus isolate was prepared in peptone water. 

Standard type Staphylococcus aurous (ATCC 33252), obtained from Centre for Emerging 

Infectious Disease (CEID), University of Iowa, United States of America was used as control. 

All test Staphylococcus aureus isolates were screened for methicillin resistance by 

inoculation onto Mueller-Hinton agar supplemented with 4% Sodium chloride (NaCl).  

Cefoxitin discs (5 µg) were aseptically placed on the surface of the inoculated plates and 

incubated aerobically at 35 
o
C for 18-24 hrs. For antibiotic susceptibility to other antibiotics, 

the test staphylococci were also inoculated onto the surfaces of plain Mueller-Hinton agar 

plates and the panel of antibiotic discs were placed on the plates and allowed to stand for 30 

minutes. The plates were then incubated at 37 
o
C for 24 hrs to determine their susceptibility 

to the panel of test antibiotics.  

The zones of inhibition were measured, documented and interpreted according to Clinical and 

Laboratory Standards Institutes guidelines (CLSI, 2008). 
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3.8 Transportation of Isolates to United States of America 

A total of 28 MRSA determined by their resistance to cefoxitin and 42 MSSA were shipped 

to Center for Emerging Infectious Disease (CEID), University of Iowa, United States of 

America for molecular analysis. The isolates were sent on cryovial nutrient agar slants (a 

colony of each of the isolates was streaked on nutrient agar slant made on cryovials and 

incubated for 24 hrs). The slants were sent through export permit obtained from Centre for 

Disease Control (CDC) (Appendix 1b). On receipt of the isolates, they were immediately 

transferred to cold room at a temperature of 5 
o
C. 

3.9  Subculturing of the Isolates 

The isolates were subcultured onto Columbia Nalidixic agar (I) with 5% sheep blood and 

Baird Parker agar (BPA) with tellurite enrichment and incubated at 35 
o
C for 18-24 hours and 

examined for growth. Presumptive S. aureus (black colonies surrounded by clear halos on 

BPA and typical β-haemolysis on I plate) were further assayed biochemically. Some of the 

cultures which were found to be contaminanted were subcultured onto Phenylethanol Agar 

(PEA) plate.  

3.10  Re-screening of the Isolates at CEID   

All the recovered isolates showing characteristic Staphylococcus aureus colonies on 

Columbia Nalidixic acid agar (I) plates were subjected to biochemical test to confirm their 

identity as Staphylococcus aureus. The following biochemical tests were carried out; 
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3.10.1  Catalase and coagulase tests 

These were carried out as described in 3.6.2 and 3.6.3 and according to the SMITH LAB 

standard operating procedure (SOP) of the Center for Emerging Infectious Disease, 

Department of Epidemiology, College of Public Health, University of Iowa, entitled USDA 

FOLLOW-UP PROTOCOLS.  

3.10.2  Staph Latex agglutination Assay (Pastorex Staph-Plus) 

All the test isolates that were catalase and coagulase positive obtained from culture on 

Columbia Nalidixic agar with 5% sheep blood were tested with Staphylococcus aureus latex 

agglutination assay kit (Pastorex Staph-plus, Bio Rad) for agglutination. The Staph Latex 

agglutination test, determines the presence of clumping factor, Protein A and capsular 

polysaccharides on the cell wall of S. aureus.  This test was performed according to the 

manufacturer‘s directives. Visible clumping was indicative of a positive S. aureus isolate.  
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3.12.� Glycerol Stock of Isolates  

Two sets of tubes containing 5 ml Tryptic Soya Broth (TSB) were inoculated with recovered 

and re-screened isolates of S. aureus from Nigeria (two tubes for each isolate) and incubated 

at 37 
o
C for 24 hrs. At the end of the incubation period, they were centrifuged at 2000 rpm for 

10 minutes to form pellet. The supernatants were discarded into a disinfecting jar. The tubes 

with the pellets were taken to the safety hood that had been disinfected with ultraviolet (UV) 

light for 15 minutes including racks, beakers, pipets and their tips. Prior to UV sterilization, 

these items had been scrubbed with 70% ethanol (EtOH). The pellets were re-suspended with 

2 ml mixture of equal volume of Triptic Soy Broth (TSB) and glycerol solution and vortexed. 

This was done under aseptic condition. It was vortexed until the pellets were all dissolved. 

The 2 ml TSB/Glycerol suspension of each tube were transferred to 2 cryo-vials (1ml for 

each cryo-vial). The cryo-vials containing the glycerol stock of the isolates were properly 

labeled, boxed and stored in a -80
o
C chest freezer (MDF-U5486SC-PA, USA). 

 

 



 
 

 
 

59 

3.12 Molecular Screening 

A total of 28 MRSA isolates and 26 MSSA were subjected to molecular typing. S. aureus 

DNA was extracted using the Wizard Genomic DNA Purification Kit (Promega, Madison 

WI) following manufacturer‘s instructions. The presence of mecA was detected by a 

multiplex PCR as described by Milheirico et al. (2007). The spa typing was for the 

polymorphic region X of protein A (repeat polymorphism of the X-region of the spa gene) as 

described elsewhere (Shopsin et al., 1999) and multilocus sequence typing (MLST) of the 

seven house-keeping genes for clonality was carried out for all novel spa types as described 

elsewhere (Enright et al., 2000). All the isolates were screened for Panton valentine 

leukocidin (PVL) gene (lukS-lukF) by Polymerase Chain Reaction (PCR) as described by 

Lina et al. (1999). Isolates that were resistant to tetracycline were screened for the 

tetracycline resistance gene (tetM) as described by Weigel et al. (2007), while isolates that 

were positive for the mecA gene were typed for the staphylococcal cassette chromosome mec 

(SCCmec) according to a protocol described by Ghaznavi-Rad et al. (2010). 

3.12.1 DNA Extraction 

An overnight TSB culture of each of the S. aureus isolates was centrifuged at 2000 rpms for 

10 minutes and the supernatant discarded into a disinfecting jar. To the pellet in each tube, 

480 µl of 50 mM EDTA at pH8.0 was added and vortexed to resuspend the cells. A master 

mix containing 30 µl of lysostaphin, 15 µl of mutanolysin and 75 µl of lysozyme per reaction 

(multiplied by the number of isolates) were vortexed to mix. Aliquots of 120 µl from the 

master mix were made in 1.5 ml microcentrifuge tubes labeled to correspond with the 

isolates. This pre-treatment was done to weaken the cells to allow for efficient cell lysis. The 

cell and EDTA mixture was poured into corresponding labeled 1.5 ml microcentrifuge tube. 

The samples were incubated at 37 
o
C for 60 minutes and centrifuged for 3 minutes at 13,500 

rpms. The supernatants were decanted into a disinfecting jar. To the pellet, 600 µl Nuclei 
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Lysis Solution was added and inverted severally to re-suspend. It was further incubated at 75 

o
C for 5 minutes in heat block to lyse the cells. On cooling to room temperature, 2 µl of 

Rnase Solution was again added to the cell lysate, inverted 2-5 times to mix and further 

incubated at 37 
o
C for 45-60 minutes. Finally, 200 µl of Protein Precipitation Solution was 

added to the Rnase-treated cell lysate and vortexed vigorously at high speed for 20 seconds to 

mix.  

The Protein Precipitation Solution/cell lysate were incubated on ice for 5 minutes and 

brought to room temperatures and then centrifuged at 13,500 rpms for 3 minutes. The 

supernatant (~800 µl) containing the DNA was transferred into a clean 1.5 ml 

microcentrifuge tube containing 600µl of isopropanol (2-propanol) labeled with their 

corresponding DNA label. They were gently mixed by inversion until the thread-like strands 

of DNA formed a visible mass. It was further centrifuged at 13,500 rpms for 3 minutes, 

decanted and the tube drained on clean absorbent paper. To wash the DNA pellets, 600 µl of 

70% ethanol at room temperature were added to each of the tube and gently inverted several 

times. It was again centrifuged at 13,500 rpms for 3 minutes and the ethanol carefully 

aspirated. The tubes were drained on clean absorbent paper and the pellets were air-dried for 

15 minutes. The DNA was rehydrated by adding 100 µl of DNA rehydration solution to the 

tube and incubated at 60 
o
C for 1 hour with periodic tapping to mix. The extracted DNA was 

stored at -20 
o
C freezer till required for Polymerase Chain Reaction (PCR). 

3.12.2:  Detection of the S. aureus 16S rRNA, nuc and mecA gene by Multiplex PCR 

 A multiplex PCR analysis was carried out to detect S. aureus 16S rRNA, nuc and mecA 

gene. mecA, is a determinant of methicillin resistance; nuc, encodes the S. aureus-specific 

region of the thermonuclease gene; and a genus-specific 16S rRNA sequence used as an 

internal amplification control for staphylococcal DNA (Maes et al., 2002). 
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A master mix was prepared in a 1.5 ml eppendorf tube and the final volume of the master mix 

was determined by the number of samples that were processed (see Appendix 11). 

The combined volume of reactants per reaction was 24 µl. This was multiplied by the number 

of samples to arrive at the total volume of the mastermix. The mastermix was vortexed to mix 

thoroughly before the addition of the HotStartTaq enzyme. The HotStartTaq enzyme was 

added after the vortex (because of its fragility) and inverted several times to mix. The master 

mix was then aliqouted using repeater pipette in volumes of 24 µl into the PCR tubes 

numbered to correspond with the samples. The DNA template of 1µl for each sample was 

then added to the corresponding tubes except for the negative control where distilled water 

was used in place, bringing the final volume of each PCR tube to 25µl. The positive control 

was MRSA USA300 DNA. The PCR tubes were then agitated to mix using an agitator. This 

was to ensure complete mix of the DNA template and to expel any air that might have been 

trapped in the aliquots. 

The following primers (forward and reverse) were used as designed and described by 

Milheirico et al. (2007). 
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Table 3.1: 16S rRNA, nuc and mecA gene Multiplex PCR Primers 

Gene Primer sequence 

Expected 

amplicon size 

mecA forward GGGATCATAGCGTCATTATTC 

500bp mecA reverse AACGATTGTGACACGATAGCC 

nuc forward TCAGCAAATGCATCACAAACAG 

200bp nuc reverse CGTAAATGCACTTGCTTCAAG 

16S rRNA forward GTGCCAGCAGCCGCGGTAA 

800bp 16S rRNA reverse AGACCCGGGAACGTATTCAC 
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The sizes of the nuc multiplex (forward and reverse) primers were 200 base pairs (bp). The 

mecA multiplex (forward and reverse) primers were 500 bp while the 16S rRNA (forward and 

reverse) primers were 800 bp. 

The thermocycler was programmed according to the manufacturer‘s instructions. The 

temperatures and cycling times were optimized for each new DNA template target and primer 

pairs to achieve maximum yield and specificity. Each PCR program started with an initial 

heat-activation step at 95 
o
C for 15 minutes. This was to activate the HotStarTaq DNA 

polymerase. This was followed by 3-step cycling: denaturation for 30 seconds at a 

temperature of 94 
o
C; annealing for 30 seconds at a temperature of 68 

o
C; and extension step 

for 1 minute at 72 
o
C. The total number of cycles was 35 and the final extension time was 10 

minutes at 72 
o
C.  

After PCR amplification of the gene product, they were subjected to electrophoresis and 

viewed in the illumination system. First, tris acetate-ethylene diamine tetracetic acid (TAE) 

gel was prepared. The volume of the TAE and the weight of the agarose used were dependent 

on the number of wells or gene product. For a 30 well gel that was used, 3 g agarose was 

added to 200 ml 1X TAE and warmed to dissolve in a microwave for 2 minutes. As soon as 

the crystalline nature of the viscous TAE appeared, it was removed from the microwave and 

allowed to stand for a few minutes before 8µl of ethidium bromide (EtBr) was added to stain 

the DNA product (Ethidium Bromide is an intercalating agent and it was treated with utmost 

care because of its toxicity and mutagenicity).     

After the addition of the Ethidium Bromide to the viscous agarose and shaken to mix, it was 

poured into the gel mould with 30 well comb and allowed to stand for 30 minutes to harden. 

The comb was carefully pulled out of the gel. The clamp of the mould was removed and the 

gel was transferred into the electrophoretic tank.  The tank was filled with 1X TAE buffer to 
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the maximum limit and the PCR products were loaded into the wells. The first well was 

loaded with the ladder followed by the PCR products in that order. A negative control 

(reactants plus sterile distilled water) was loaded after all the PCR products had been load 

followed by a positive control which was MRSA USA300. The last well was again loaded 

with the ladder and the gel was run at 120V for 1hr. 

At the end of the electrophoresis, the gel was removed and viewed in the transilluminator 

(Bio-rad Gel Doc XR). The PCR products appeared as bands corresponding to the equivalent 

molecular weight of the ladder. 

3.12.4 spa typing of the S. aureus 

The staphylococcal protein A (spa) sequence typing was done for the polymorphic region of 

protein A (repeat polymorphism of the X-region of the spa gene) and the protocol used was 

as described by Shopsin et al. (1999). A master mix was prepared based on the number of 

DNA templates. The reagents and the amount used were as presented in Appendix 11 

The volume of all the reagents was 48 µl for each reaction before the 2 µl DNA templates 

was added. The number of isolates for spa typing was multiplied by the volume of each 

reaction to give the final volume of the master mix. Before the addition of the Taq 

polymerase as was the case in the multiplex PCR, the mastermix was vortexed to mix for a 

few seconds. On addition of the Taq polymerase, the master mix was inverted several times 

to mix and dispensed using auto-repeater into PCR tubes at a volume of 48 µl. Finally, 2 µl of 

each DNA template was added to the corresponding PCR tube. The PCR tubes were agitated 

and placed in the thermocycler.  The following primers as designed by Shopsin et al. (1999) 

were used. 
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      Table 3.2: PCR Primers for spa typing of the S. aureus 

Gene Primer sequence Expected amplicon size 

spa 2F  GAACAACGTAACGGCTTCATCC 

(250-637bp) spa 1514R  CAGCAGTAGTGCCGTTTGCCT 
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The thermocycler was programmed according to the manufactures‘ instructions. Optimization 

of the conditions was necessary for maximum yield. Each spa PCR program started with an 

initial heat-activation step at 95 
o
C for 10 minutes to activate the Taq DNA polymerase. This 

was followed by 3-step cycling: denaturation for 30 seconds at a temperature of 95 
o
C; 

annealing for 30 seconds at a temperature of 60
o
C; and extension step for 1 minute at 72 

o
C. 

The total number of cycles was 30 and the final extension time was 10 minutes at 72 
o
C.  

Agarose gel was prepared as described in 3.12.2, loaded with the spa PCR product and 

electrophoresed. Following electrophoresis, it was viewed using the transilluminator (Bio-rad 

Gel Doc XR) and the picture of the bands was taken. 

The spa products were purified before sequencing. The purification protocol as described by 

the manufacturer was followed. The Qiagen PCR purification kit (QIAquick) was used. To 1 

volume of the spa PCR reaction, 5 volumes of buffer PB (binding buffer) were added and 

mixed. A QIAquick column was placed in a 2 ml collection tube and the PCR DNA was 

applied to it and centrifuged for 1minute for the DNA to bind to it. The flow-through was 

discarded and the QIAquick column was placed back in the same tube. To wash the DNA, 

750 µl of buffer PE (washing buffer) was added to the QIAquick column and centrifuged for 

1 minute. The flow-through was again discarded and the QIAquick was returned back in the 

same tube. This was centrifuged for another I minute to remove the entire residual wash 

buffer. After the centrifugation, each QIAquick column was placed in a clean 1.5 ml 

microcentrifuge tube. To elute the DNA, 50 µl buffer EB (eluting buffer) consisting of 10 

mM Tris-Cl with pH of 8.5 was added at the centre of the QIAquick membrane and 

centrifuged for 1 minute. This was allowed to stand for 1 minute and re-centrifuged. The 

flow-through was collected for quantification. 
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The concentration of each PCR sample was determined using a Spectrophotometer 

(Spectrum-lab 21A, Texas USA). This was to determine the amount of each sample needed in 

each reaction to include 5 ng/100bp of the amplified product. The amplified spa region was 

~425 bp in length and so 20 ng of product was required. The sequencing protocol required two wells 

(one for forward primer and the second for reverse primer) as the DNA core utilizes cycle sequencing. 

The molecular grade water added to each reaction was determined using the formula: Template + 

primer A + dH2O = 11 µl total volume. The dH2O needed for each reaction was aliquoted into the 

respective well of 96 well plates. To each well, 1 µl of the appropriate primer was added which were 

the same with forward and reverse used in the PCR. The amount of DNA determined earlier was then 

added to the corresponding wells. After loading the wells, a tinfoil lid was placed on the plate and 

sealed and sent off to the DNA core laboratory where the sequencing was done. 

The spa types were determined with RidomStaph software, version 1.3 (Ridom GmbH, 

Wu¨rzburg, Germany) (http://spaserver.ridom.de/). The repeats varied according to strains, 

forming bases for its usefulness as a molecular tool.  

 

3.12.4 Detection of PVL (lukS-lukF) gene present in the S. aureus by PCR  

The PVL PCR was carried out to detect the toxic gene lukS-lukF that is associated with 

necrosis in Staphylococcus aureus infection. The protocol as described by Lina et al. (1999) 

was followed. The master mix was prepared based on the number of DNA templates. The 

volume of the reagents for each reaction was 48 µl before the 2 µl of DNA templates was 

added. The master mix was vortexed to mix for a few seconds before the addition of the Taq 

DNA polymerase. Thereafter, the mastermix was inverted several times to mix and dispensed 

using auto-repeater into PCR tubes at a volume of 48 µl. Finally, 2 µl of each DNA template 

was added to the corresponding PCR tube which were agitated and placed in the 

thermocycler. MRSA, USA300 was used as a positive control.  The following primers as 

designed by Lina et al. (1999) were used. 

http://spaserver.ridom.de/
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       Table 3.3: Primers for PVL (lukS-lukF) gene 

Gene Primer sequence 

Expected amplicon 

size 

PVL Forward  ATCATTAGGTAAAATGTCTGGACATGATCCA 

451bp PVL Reverse  GCATCAASTGTATTGGATAGCAAAAGC 
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The optimization of the PCR conditions was required for maximum yield of the PCR product 

and involved initial heat activation of the Taq DNA polymerase at 94 
o
C for 5 minutes. This 

was followed by 3-step cycling: denaturation for 30 seconds at a temperature of 94 
o
C; 

annealing for 30 seconds at a temperature of 55 
o
C; and extension step for 1 minute at 72 

o
C. 

The total number of cycles was 30 and the final extension time was 5 minutes at 72 
o
C.  

The amplified DNA product was run on a large gel in which 2.4 grams of agarose was 

gradually heated to dissolve in 200ml of TAE buffer and 8µl of ethidium bromide was added 

to stain the DNA. The PCR products were loaded on the gel and run on a Bio-rad 

electrophorectic machine at 120 V for 1.5 hrs. At the end, the bands were viewed using the 

Bio-rad Gel Doc XR trans-illuminator. 

3.12.5:   Detection of tetracycline resistance gene (tetM) present in the S. aureus by PCR 

A PCR was carried out to detect a tetracycline resistant gene, tetM using a protocol described 

by Weigel et al. (2006). The master mix was prepared based on the number of DNA 

templates. A master mix was prepared for 32 isolates under study. The master mix was 

vortexed to mix for a few seconds before the addition of the Taq polymerase. It was then 

inverted several times to mix and dispensed using auto-repeater into PCR tubes at a volume 

of 48 µl. Finally, 2 µl of each DNA template was added to the corresponding PCR tube, 

agitated and placed in the thermocycler.   

The following primers by Weigel et al. (2006) were used (table 3.4). 
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      Table 3.4: Primers for tetracycline resistance gene (tetM) 

Gene Primer sequence 

Expected amplicon 

size 

tetM Forward GAACTCGAACAAGAGGAAAGC 

740bp tetm Reverse ATGGAAGCCCAG AAAGGAT  
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The optimization process was required for maximum yield of the PCR product involving 

initial heat activation of the Taq DNA polymerase at 95 
o
C for 5 minutes followed by 3-step 

cycling: denaturation for 2 minutes at a temperature of 94 
o
C; annealing for 60 seconds at a 

temperature of 60 
o
C; and extension step for 2 minute at 72 

o
C. The total number of cycles 

was 30 and the final extension time was 10 minutes at 72 
o
C.  

The amplified DNA product was run on a large gel in which 3 grams of agarose was 

gradually heated to dissolve in 200 ml of TAE buffer and 8µl of ethidium bromide was added 

to stain the DNA. The PCR products were loaded on the gel and run on a Bio-rad 

electrophorectic machine at 120 V for 1.5 hrs. At the end, the bands were viewed using the 

Bio-rad Gel Doc XR transilluminator. 

3.12.6:  Multilocus sequence typing (MLST) of the S. aureus. 

A multiplex PCR was carried out to detect the seven housekeeping genes:  rc, aroE, glpF, 

gmk, pta, tpi, and yqiL. The protocol used was as described by Enright et al. (2000). Seven 

mastermixes were prepared one for each house keeping gene. The final volume of the 

mastermix was determined by the number of reaction DNA templates. The master mix was 

votexed to mix before the addition of the Taq polymerase which was inverted severally to 

mix and aliquoted in volumes of 48 µl into PCR tubes. Finally, the template DNA was added, 

agitated to mix and then loaded in the thermocycler. The positive control used was MRSA 

USA300. 
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       Table 3.5: Primers for the Multilocus sequence typing (MLST) 

Gene Primer sequence 

Expected amplicon 

size 

 rc-Forward   TTG ATT CAC CAG CGC GTA TTG TC 

456bp  rc-Reverse   AGG TAT CTG CTT CAA TCA GCG 

AroE-Forward   ATC GGA AAT CCT ATT TCA CAT TC 

456bp AroE-Reverse  GGT GTT GTA TTA ATA ACG ATA TC 

glpF Forward  CTA GGA ACT GCA ATC TTA ATC 

465bp glpF Reverse  TGG TAA AAT CGC ATG TCC AAT TC 

gmk, Forward  ATC GTT TTA TCG GGA CCA TC 

429bp gmk, Reverse  TCA TTA ACT ACA ACG TAA TCG TA  

pta, Forward  GTT AAA ATC GTA TTA CCT GAA GG 

474bp pta, Reverse  GAC CCT TTT GTT GAA AAG CTT AA 

tpi Forward  TCG TTC ATT CTG AAC GTC GTG AA 

402bp tpi Reverse  TTT GCA CCT TCT AAC AAT TGT AC 

yqiL Forward  CAG CAT ACA GGA CAC CTA TTG GC 

516bp yqiL Reverse  CGT TGA GGA ATC GAT ACT GGA AC 
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The optimization process involved initial heat activation of the Taq DNA polymerase at 94 

o
C for 5 minutes followed by 3-step cycling: denaturation for 30 seconds at a temperature of 

94 
o
C; annealing for 30 seconds at a temperature of 55

o
C; and extension step for 60 seconds 

at 72 
o
C. The total number of cycles was 30 and the final extension time was 5 minutes at 72 

o
C.  

The amplified DNA product for each of the seven housekeeping genes was run on a large gel 

in which 3 grams of agarose was gradually heated to dissolve in 200 ml of TAE buffer and 

8µl of ethidium bromide was added to stain the DNA. The PCR products were loaded on the 

gel and run on a Bio-rad electrophorectic machine at 120 V for 1.5 hrs. At the end, the gel 

bands were viewed using the Bio-rad Gel Doc XR transilluminator.  

The PCR products were purified and quatified as described in 3.12.3 and sent out for 

sequencing. Results of the sequencing was analysed by the Multi Locus Sequence Typing 

facility (http://www.mlst.net) (Hallin et al., 2007). 

3.12.7 Staphylococcal cassette chromosome mec (SCCmec) typing of the MRSA 

A multiplex PCR was carried out to detect mecA gene for methicillin resistance and to 

determine the type of staphylococcal cassette chromosome mec (SCCmec). Primers (forward 

and reverse) used were for type I to type V SCCmec according to a protocol previously 

described (Ghaznavi-Rad et al., 2010).  

The mastermix was prepared to include the mecA and the SCCmec types I-V pimers 

according to the number of DNA templates. The mastermix was votexed to mix before the 

addition of the HotStarTaq which on addition was inverted severally to mix and aliquoted in 

volumes of 48µl into PCR tubes. Finally, the template DNA was added, agitated to mix and 

then loaded in the thermocycler. The positive control used was MRSA USA300. 

http://www.mlst.net/
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     Table 3.6: Primers for the Staphylococcal cassette chromosome mec (SCCmec) typing 

Gene Primer sequence 

Expected amplicon 

size 

Type I Forward GCTTTAAAGAGTGTCGTTACAGG 

613bp Type I Reverse GTTCTCTCATAGTATGACGTCC 

Type II Forward GATTACTTCAGAACCAGGTCAT 

287bp Type II Reverse TAAACTGTGTCACACGATCCAT 

Type III Forward CATTTGTGAAACACAGTACG 

243bp Type III Reverse GTTATTGAGACTCCTAAAGC 

Type IVa Forward GCCTTATTCGAAGAAACCG 

776bp Type IVa Reverse CTACTCTTCTGAAAAGCGTCG 

Type IVb Forward AGTACATTTTATCTTTGCGA 

1000bp Type IVb Reverse AGTCATCTTCAATATGGAGAAAGTA 

Type IVc Forward TCTATTCAATCGTTCTCGTATT 

677bp Type IVc Reverse TCGTTGTCATTTAATTCTGAACT 

Type IVd Forward AATTCACCCGTACCTGAGAA 

1242bp Type IVd Reverse AGAATGTGGTTATAAGATAGCTA 

Type IVh Forward TTCCTCGTTTTTTCTGAACG 

663bp Type IVh Reverse CAAACACTGATATTGTGTCG 

Type V Forward GAACATTGTTACTTAATGAGCG 

325bp Type V Reverse TGAAAGTTGTACCCTTGACACC 

mecA Forward TCCAGATTACAACTTCACCAGG 

162bp mecA Reverse CCACTTCATATCTTGTAACG 

Sa442 Forward AATCTTTGTCGGTACACGATATTCTTCACG 

108bp Sa442 Reverse CGTAATGAGATTTCAGTAGATAATACAACA 
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The optimization process involved initial heat activation of the Taq DNA polymerase at 95 

o
C for 15 minutes followed by 3-step cycling: denaturation for 30 seconds at a temperature of 

94 
o
C; annealing for 90 seconds at a temperature of 57

o
C; and extension step for 90 seconds 

at 72 
o
C. The total number of cycles was 30 and the final extension time was 10 minutes at 72 

o
C.  

The amplified DNA product was run on a large gel in which 3 grams of agarose was 

gradually heated to dissolve in 200 ml of TAE buffer and 8 µl of ethidium bromide was 

added to stain the DNA. The PCR products were loaded on the gel and run on a Bio-rad 

electrophorectic machine at 120 V for 1.5 hrs. At the end, the bands were viewed using the 

Bio-rad Gel DocXR trans-illuminator.  
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CHAPTER FOUR 

4.0  RESULT 

4.1 Sample Population 

Two hundred birds (100 broilers and 100 layers) selected at random from each of the 9 farms 

in this study were screened for Staphylococcus aureus giving a total of 1800 birds. Two 

samples (nostril and cloacae swabs) were collected from each of the birds screened, giving a 

total of 200 samples for broilers and 200 samples for layers and an overall sample size of 

3600 in the 9 farms as shown in table 4.1. 
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Table 4.1:  Summary of the Number of Farms and Birds Screened in Ebonyi State. 

Source 

Broilers: 

 N-900 

Layers: 

 N-900 

Total no. of 

samples Cloacae Nostril Cloacae Nostril 

Farm 1 100 100 100 100 400 

Farm 2 100 100 100 100 400 

Farm 3 100 100 100 100 400 

Farm 4 100 100 100 100 400 

Farm 5 100 100 100 100 400 

Farm 6 100 100 100 100 400 

Farm 7 100 100 100 100 400 

Farm 8 100 100 100 100 400 

Farm 9 100 100 100 100 400 

Total 900 900 900 900 3600 

Key: N= no. of birds 
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4.2: Isolation and identification of S. aureus from the poultry farms  

Staphylococcus aureus was isolated from 9 farms (Appendix 3). The number recovered 

varied from farm to farm and between broilers and layers (Table 4.2). In 4 farms (farms 1, 5, 

7 and 8) more S. aureus were recovered from broilers while in 5 farms (farms 2, 3, 4, 6 and 9) 

more S. aureus were recovered from layers. A total of 125 S. aureus were recovered from 

layers while 122 S. aureus were recovered from broilers. 

Out of the 1800 birds screened in the 9 farms, 247 of the birds had S. aureus constituting 14% 

(247/1800) of the total number of birds (Figure 4.1). 
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                     Table 4.2: Staphylococcus aureus recovered from Broilers and Layers in the   

                     Poultry Farms. 

Source               Number of   isolates 

 Broilers        Layers 

Farm 1 19 14 

Farm 2 13 18 

Farm 3 11 19 

Farm 4 11 12 

Farm 5 17 8 

Farm 6 10 13 

Farm 7 19 16 

Farm 8 12 10 

Farm 9 10 15 

Total  122 125 
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                                       Figure 4.1: Percentage of birds positive for S. aureus  
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4.3: Recovery of Staphylococcus aureus in Nostrils and Cloacae of birds 

Staphylococcus aureus was isolated from all the farms. Both nostrils and cloacae screened 

yielded growth of Staphylococcus aureus but the frequency of isolation varied from farm to 

farm. Positive sample was taken as any yield of S. aureus in any or both of the sites from one 

bird (cloaca and nostril).  

Farm to farm analysis show that more S. aureus were recovered when both cloacae and 

nostrils were screened compared to cloacae and nostril screened singly (Table 4.3).  

Percentage recovery of S. aureus as shown in figure 4.2 was cloacae and nostrils 52% (129), 

cloacae 27% (67) and nostrils 21% (51).  
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    Table 4.3: Recovery of S. aureus from cloacae and nostrils, cloacae, nostrils 

Source 

Birds with S. aureus in 

cloacae & nostril (%) 

Birds with S. aureus 

in cloacae (%) 

Birds with S. aureus 

in nostrils (%) 

farm 1 17 (50.5%) 10 (30.4%) 6 (18.2%) 

farm 2 14 (45.2%) 9 (29%) 8 (25.8%) 

farm 3 14 (46.6%) 8 (26.7%) 8 (26.7%) 

farm 4 16 (69.6%) 5 (21.7%) 2 (8.7%) 

farm 5 14 (56%) 8 (32%) 3 (12%) 

farm 6 11 (48%0 7 (30%) 5 (22%) 

farm 7 22 (63%) 8 (23%) 5 (14%) 

farm 8 10 (45.4%) 6 (27.3%) 6 (27.3%) 

farm 9 11 (44%) 6 (24%) 8 (32%) 

Total 129 67 51 
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       Figure 4.2: Percentage of birds with S. aureus recovered from both cloacae and   

       nostrils, cloacae only and nostrils only.  
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4.4: Isolation of S. aureus from Poultry Farm Workers 

Volunteer Poultry farm workers were swabbed after informed consent was obtained from 

each of them. The number of workers from whom S. aureus was recovered from their nasal 

swabs in the poultry farms was 4, (one worker from each farm) (Table 4.4). The percentage 

recovery of S. aureus from these workers was shown in figure 4.3. The percentage of poultry 

farm workers that harbored S. aureus in the 9 farms was 21% (n=19). 
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         Table 4.4: Isolation of Staphylococcus aureus from Poultry Farm Workers  

Source Nasal swab of workers S. aureus 

farm 1 2 1 

farm 2 3 0 

farm 3 2 1 

farm 4 3 0 

farm 5 1 0 

farm 6 2 0 

farm 7 1 0 

farm 8 2 1 

farm 9 3 1 

Total 19 4 
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        Figure 4.3:  Percentage carriage of S. aureus amongst poultry farm workers. 
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4.5: Clinical Isolates of S. aureus 

Clinical isolates of staphylococci were obtained from 3 hospitals in Ebonyi State. The 

hospitals were Federal Teaching hospital Abakaliki, Onueke General Hospital and Afikpo 

Medical Center. In each of these hospitals, 50 isolates of staphylococci were screened for S. 

aureus. A total of 150 clinical isolates were screened and 78 isolates were found to be S. 

aureus. The hospital by hospital percentage incidence showed that Afikpo Medical Center 

had the highest incidence of 62%. The percentage incidence in Federal Teaching Hospital 

Abakaliki was 56% while Onueke General Hospital had 38% (Table 4.5). 

The percentage distribution of S. aureus from the three hospitals showed that 40% of them 

were from Afikpo Medical Center and 36 % from Federal Teaching Hospital. Onueke 

General Hospital had 24% (Figure 4.4).   

The total number of S. aureus recovered from the three sources (poultry. Poultry farm 

workers and hospitals) were 329 (Table 4.6).    . 
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             Table 4.5: Clinical isolates of S. aureus in 3 selected hospitals  

Hospital Staphylococci S. aureus 

Fed. Teaching Hospital Abakaliki 50 28 (56%) 

Onueke General Hospital 50 19 (38%) 

Afikpo Medical Center 50 31 (62%) 

Total 150 78 (52%) 
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                        Figure 4.4: Percentage of S. aureus from the 3 hospitals 
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                  Table 4.6: Summary of Staphylococcus aurous recovered from Poultry,  

 

                   Poultry farm workers and Hospitals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source S. aureus 

Poultry 247 

poultry workers 4 

Hospital 78 

Total 329 
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4.6: Antibiotic Susceptibility Testing (AST) 

Antibiotic susceptibility testing (AST) was carried out to obtain the antibiotic susceptibility 

profiles of Staphylococcus aureus isolates from the poultry farms, poultry farm workers and 

hospitals screened (Appendix 3). The Staphylococcus aureus were tested against a panel of 

14 antibiotics which cut across 11 categories with varying strengths (Appendix 7).  

The number of isolates resistant to each of the antibiotics is shown in table 4.7. Out of the 

329 isolates of S. aureus recovered, only 28 (8.5%) of them were resistant to cefoxitin. There 

was no resistant isolate to Quinupristin-dalfopristin, Linezolid, Rifampicin and Vancomycin. 

The highest percentage resistance of 47.7% (157/329) was recorded against Tetracycline 

followed by Trimethoprim/sulfamethoxazole with 42.6% (140/329). Resistance to 

Chloramphenicol and Erythromycin was 19.1% and 18.2% respectively.  

The number of S. aureus from the 3 sources (poultry, hospital and poultry workers) that were 

resistant to each of the antibiotics tested was compared as shown in table 4.8. Isolates from 

the clinics showed higher percentage of resistance to each of the antibiotics where resistance 

was observed compared to poultry isolates (Figure 4.5).  

There were more MRSA in broilers (n=11) than in layers (n=4). In farms 4, 8 and 9, no 

MRSA was detected amongst broilers while only 3 farms (farms 1, 6 and 7) had MRSA in 

layers. Carriage of MRSA in broilers was 9% (11/122) while in layers it was 3.2% (4/125). 

The prevalence of MRSA in broilers and layers is shown in table 4.9. Percentage carriage of 

MRSA in poultry was 6% (Figure 4.6). MRSA from broilers constituted 73% of the total 

MRSA in poultry (Figure 4.7). 

The percentage carriage of MRSA in the hospitals was 15% (11/78) (Figure 4.8). All the 

hospitals harbored MRSA and this varied from hospital to hospital. Afikpo Medical Center 

had a total of 31 S. aureus out of which 19.4% (6) were MRSA. 
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MRSA from Afikpo Medical Center constituted 50% (6/12) of all MRSA isolates from the 3 

hospitals (Figure 4.9). This was followed by Federal Teaching Hospital Abakaliki with 

MRSA prevalence of 33% (4/12) and Onueke General Hospital with 17% (2/12). Hospital to 

hospital MRSA composition is shown in table 4.10. 
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Table 4.7: Antibiotic resistance profiles of the S. aureus isolates  

Antibiotic Strength No. of S. aureus (%) 

Augmentin
®

 30µg 11 (3.3%) 

Cefoxitin 30µg 28 (8.5%) 

Cefuroxime 30µg 22 (6.7%) 

Chloramphenicol 30µg 63 (19.1%) 

Doxcycline 30µg 26 (7.9%) 

Erythromycin 15µg 60 (18.2%) 

Gentamycin 10µg 19 (5.8%) 

Levofloxacin 5µg 9 (2.7%) 

Linezolid 30µg 0 (0%) 

Quinupristin-dalfopristin 15µg 0 (0%) 

Rifampicin 5µg 0 (0%) 

Tetracycline 30µg 157 (47.7%) 

Trimethoprim-sulfamethoxazole 1.25/23.75µg 140 (42.6%) 

Vancomycin 30µg 0 (0%) 
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    Table 4.8: Comparison of antibiotic resistance of S. aureus from Poultry, Clinics and  

                  Farm workers.  

 

Antibiotic  

Poultry (%) 

isolates Clinical isolates (%) Poultry workers (%) 

Augmentin
®

 1(0.4%) 9(11.5%) 1 (25%) 

Cefoxitin 15(6.1%) 12(15.3%) 1 (25%) 

Cefuroxime 13(5.3%) 9(11.5%) 0 (0%) 

Chloramphenicol 30 (12.1%) 32((41.0%) 1 (25%) 

Doxycycline  19(7.7%) 7(9.0%) 0 (0%) 

Erythromycin 48(19.4%) 12(16.7%) 0 (0%) 

Gentamycin 13(5.2%) 5(6.4%) 1 (25%) 

Levofloxacin 2(0.8%) 6(7.7%) 1 (25%) 

Linezolid 0(0%) 0(0%) 0(0%) 

Quinuspristin/dalfopristin 0(0%) 0(0%) 0(0%) 

Rifampicin 0(0%) 0(0%) 0(0%) 

Tetracycline 113(45.0%) 42(53.8%) 2 (50%) 

Trimethoprim/sulfamethoxazole 101(40.9%) 38(48.7%) 1 (25%) 

Vancomycin 0(0%) 0(0%) 0(0%) 
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Figure 4.5: Comparison of percentage antibiotic resistance of poultry and clinical isolates. 
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Figure 4.6: Percentage prevalence of MRSA in poultry 
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                Figure 4.7: Percentage composition of MRSA from broilers and layers.  
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         Table 4.9: Prevalence of MRSA in Broilers and Layers in each of the Farms.   

Source               Broilers               Layers 

 MSSA MRSA MSSA MRSA 

farm 1 15 (78.9%) 4 (21.1%) 13 (92.6%) 1 (7.4%) 

farm 2 12 (92.3%) 1 (7.7%) 18 (100%) 0 (0%) 

farm 3 10 (90.9%) 1 (9.9%) 19 (100%) 0 (0%) 

farm 4 11 (100%) 0 (0%) 12 (100%) 0 (0%) 

farm 5 15 (88.2%) 2 (11.8%) 8 (100%) 0 (0%) 

farm 6 8 (80%) 2 (20%) 11 (84.6%) 2 (15.45) 

farm 7 18 (94.7%) 1 (5.3%) 15 (93.8%) 1 (6.2%) 

farm 8 12 (100%) 0 (0%) 10 (100%) 0 (0%) 

farm 9 10 (100% 0 (0%) 15 (100%) 0 (0%) 
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                               Figure 4.8: Percentage of MRSA amongst hospital isolates. 
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Table 4.10:  Prevalence of MRSA amongst S. aureus in each of the 3  

hospitals  screened.  

Hospital S. aureus 

 MSSA MRSA 

Fed. Teaching Hospital 24 (85.7%) 4 (14.3%) 

Onueke General Hospital 17 (89.5%) 2 (10.5%) 

Afikpo Medical Centre 25 (80.6%) 6 (19.4%) 
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                       Figure 4.9: Percentage distribution of MRSA amongst the 3 hospitals 

 



 
 

 
 

102 

4.7 MULTIDRUG RESISTANCE 

Multidrug resistance (MDR) of all the 329 isolates of S. aureus was determined. MDR was 

defined as acquired non-susceptibility to at least one agent in three or more antimicrobial 

categories. The multi antibiotic resistance index (MARI) which is the number of antibiotics 

an isolate was resistant to, divided by the total number of antibiotics used was used to 

determine the multi-antibiotic resistance index of all the isolates (table 4.11). The multidrug 

resistance pattern is as shown in (table 4.12). 
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                          Table 4.11: Antibiotic resistance index of S. aureus 

 

 

 

 

 

 

 

 

           MAR Index        Resistant isolates    %MARI 

0 109     33.13 

0.1 128 38.90 

0.2 46 13.98 

0.3 29 

 

 

 

8.81 

0.4 17 5.16 

13.97% 

(Multidrug 

Resistant) 



 
 

 
 

104 

Table 4.12: Multidrug Resistance (MDR) Pattern of the isolates with MARI of 0.3 and 

above. 

Antibiotics Resistances pattern Number of Isolate Percentage (%) 

Aug, Cef, Levo, Tetra 1 2.2 

Aug, Cef, Cefx, Tetra 1 2.2 

Aug, Cef, ,Chl, Trim/Sulf 1 2.2 

Chl, Levo, Tetra, Trim/Sulf 1 2.2 

Cef, Cefx, Genta, Tetra 1 2.2 

Chl, Ery, Tetra, Trim/Sulf 7 15.2 

Doxy, Genta, Tetra, Trim/Sulf 2 4.0 

Cefx, Chl, Genta, Tetra 1 2.2 

Cefx, Chl, Doxy, Trim/Sulf 1 2.2 

Cefx, Chl, Tetra, Trim/Sulf 1 2.2 

Doxy, Ery, Tetra, Trim/Sulf 3 6.5 

Cef, Chl, Tetra, Trim/Sulf 3 6.5 

Cef, Cefx, Genta, Trim/Sulf 1 2.2 

Ery, Genta, Tetra, Trim/Sulf 1 2.2 

Cef, Cefx, Tetra, Trim/Sulf 1 2.2 

Chl, Genta, Tetra, Trim/Sulf 1 2.2 

Chl, Doxy, Ery, Trim/Sulf 1 2.2 

Cef, Doxy, Genta, Levo 1 2.2 

Aug, Cef, Ery, Tetra, Trim/Sulf 1 2.2 

Aug, Cef, Cefx, Tetra, Trim/Sulf 1 2.2 

Aug, Cef, Chl, Ery, Tetra 1 2.2 

Chl, Ery, Levo, Tetra, Trim/Sulf 1 2.2 

Cef, Cefx, Chl, Tetra, Trim/Sulf 1 2.2 

Cefx, Chl, Doxy, Tetra, Trim/Sulf 2 4.0 

Cef, Cefx, Doxy, Tetra, Trim/Sulf 1 2.2 

Aug, Cef, Cefx, Genta, Tetra 1 2.2 

Cefx, Ery, Genta, Tetra, Trim/Sulf 1 2.2 

Cef, Cefx, Ery, Genta, Trim/Sulf 1 2.2 

Cef, Doxy, Genta, Tetra, Trim/Sulf  1 2.2 

Aug, Cef, Chl, Genta, Tetra 1 2.2 

Aug, Cef, Ery, Levo, Tetra, Trim/Sulf  1 2.2 

Cef, Cefx, Chl, Genta, Tetra, Trim/Sulf 1 2.2 

Aug, Cef, Cefx, Doxy, Levo, Tetra 1 2.2 

Aug, Cef, Chl, Ery, Tetra, Trim/Sulf 1 2.2 

Total 46 100 

The percentage occurrence of these patterns ranged from 15.2% > 6.5% > 4.3% > 2.1% 

Key: Cef-Cefoxitin, Cefx-Cefuroxime, Chl-Chloramphenicol, Doxy- Doxycycline, Ery-

Erythromycin, Genta-Gentamycin, Levo-Levofloxacin, Tetra-Tetracycline, Trim/sul-

Trimethoprim/sufamethoxazole. 
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4.8 MOLECULAR ANALYSIS OF THE ISOLATES 

Out of 70 isolates shipped from the laboratory at the Department of Medical Laboratory 

Science, Ebonyi State University Abakaliki, Nigeria to the Center for Emerging Infectious 

Disease (CEID), Department of Epidemiology, College of Public Health, University of Iowa, 

United States of America 54 (77%) were recovered.  

Several molecular techniques were used to analyse some of the samples and results obtained 

in each technique were as presented below. 

4.8.1 Detection of S. aureus 16SrRNA, nuc and mecA gene  

Multiplex PCR was carried out to detect mecA gene in cefoxitin resistant isolates from 

poultry, poultry farm workers and clinics. mecA is a determinant of methicillin resistance; 

nuc encodes the S. aureus-specific region of the thermonuclease gene; and 16S rRNA is a 

genus-specific sequence used as an internal amplification control for staphylococcal DNA. 

All the isolates that were cefoxitin resistant carried the mecA gene (figure 4.10).  

The 16S rRNA, the nuc and mecA gene were amplified and detected. MRSA USA300 was 

used as positive control.  

Isolates in lane 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 were clinical isolates. Isolates in lanes 13, 

14, 15, 16 and 18 were poultry isolates while isolate in lane 17 was a nasal isolate from a 

poultry farm worker.  

The multiplex PCR showed the amplification of a 216.9 bp nuc gene, 821.94 bp 16S rRNA 

and 518.7 bp mecA gene in both the positive control (USA300) and all the test isolates (figure 

4.11). 
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Figure 4.10: Multiplex PCR amplification of S. aureus 16SrRNA, nuc and mecA gene  

Lane 1: Ladder                                                         Lane 2-12: Hospital MRSA isolates 

Lane 13-16: Poultry MRSA isolates                        Lane 18: Poultry MRSA isolate 

Lane 17: MRSA isolate from Poultry farm worker  Lane 19: Negative control (SDW) 

Lane 20: Positive control (MRSA, USA300) 
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4.7.2:  S. aureus spa Typing 

All the 54 isolates taken for molecular analysis were sequenced for spa types. The spa PCR 

amplification of the isolates was as shown in figure 4.11 and figure 4.12.  

In figure 4.11, lanes 1 and 21 were the ladder while lanes 2-18 were the various MRSA 

isolates. Mastermix with sterile distilled water (SDW) was used as negative control while 

MRSA USA300 was used as positive control. The amplified spa sequence of the positive 

control, MRSA USA300 was 476.986 bp while the test isolates had the same spa sequence of 

412.368 bp  

In figure 4.12, the ladder was in lane 1 and 30 while lanes 2 – 27 were various isolates of S. 

aureus. Lane 28 was the negative control and lane 29 was the positive control. The spa PCR 

showed amplification of a 505.5 bp of the positive control MRSA USA300. There was 

variation in the base pairs amplified. Spa sequence varies amongst isolates depending on the 

repeats which ranges from 250  bp to 637 bp. Test isolates in lanes 4, 26 and 27 had spa 

sequence of 416.55 bp while isolate in lanes 3, 5-9 and 11-25 had a spa sequence  of 535.15 

bp. Lane 10 isolate had a spa sequence of 297.95 bp.  

The sequencing result showed that the isolates fell into 4 spa types; t002, t084, t2304 and 

t11469 (table 4.13).  

The percentage of each spa type was as presented in figure 4.13. spa type (t002) had the 

highest percentage (48%) followed by spa type (t084) with 24% and t11469 with 15%. The 

least was spa type (t2304) with percentage of 13%. 

The percentage distribution of these spa types amongst poultry, poultry farm workers and 

hospitals was as shown in figure 4.14. 
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Figure 4.11: spa PCR of 17 MRSA isolates showing the amplified base pairs 

Lane 1: Ladder      Lane 2-12: Hospital MRSA isolates 

Lane 13-16: Poultry MRSA isolates   Lane 18: Poultry MRSA isolate 

Lane 17: Poultry farm workers MRSA isolate Lane 20: Positive control (USA 300) 

Lane 19: Negative control (SDW) 
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Figure 4.12: The spa PCR of 26 S. aureus isolates  

Lane 1: ladder                                                  Lane 2-3: poultry isolate of S. aureus 

Lane 4:  poultry MRSA isolate                         Lane 5-25: poultry isolate of S. aureus 

Lane 26: poultry MRSA isolate                        Lane: 27-28: poultry S. aureus isolate 

Lane 28: negative control (SDW) 

Lane 29: positive control (MRSA300)             Lane 30: ladder. 
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              Table 4.13: spa types identified amongst S. aureus isolates from Poultry,   

              Hospitals and Poultry Farm workers. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

spa type Number    (%) 

t002 22         (48%) 

t084 11         (24%) 

t2304 6           (13%)            

t11469 7           (15%) 

Total 46 
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                                  Figure 4.13: Percentage of each spa type of S. aureus. 
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     Figure 4.14: Percentage distribution of the spa types of S. aureus in poultry, hospitals     

    and poultry farm workers 
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4.7.3: Detection of PVL (lukS-lukF) gene  

The isolates were screened for panton valentine leukocidin (PVL) genes (lukS-lukF) 

associated with tissue necrosis. Out of the 54 isolates screened, only 8 isolates were PVL 

positive (Figure 4.15). The lukS-lukF gene carrying isolates were lane-3, 10, 19 and lanes 21-

26. All the PVL positive isolates were recovered from poultry. 

The amplified band of the PVL gene of MRSA, USA300 (lane 29) used as positive control 

was 424.25 bp. The size of the amplified band of the 8 PVL positive test isolates (lanes 3, 10, 

19, and 21-25) was also 424.25 bp. 
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Figure 4.15: PVL PCR showing amplification of lukS-lukF gene in positive isolates of S. 

aureus 

 

Lane 1: ladder 

Lane 2: pvl negative isolate                        Lane 3: pvl positive isolate  

Lane 4-9: pvl negative isolates                    Lane 10: pvl positive isolate 

Lane 11-18: pvl negative isolates                 Lane 19: pvl positive isolate 

Lane 20: pvl negative isolate                       Lane 21-25: pvl positive isolates 

Lane 26-27: pvl negative isolates               Lane 29: positive control 

(USA300) 

Lane 28: negative control (SDW) Lane 30: ladder. 
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4.7.4 Detection of tetracycline resistance gene (tetM). 

The isolates were screened for tetracycline resistance gene (tetM). One isolate; l-137, a 

poultry isolate was positive for the (tetM) gene (Figure 4.16). The amplified band of the tetM 

gene of the positive control was 733.87 bp. The amplified band of the tetM gene of the 

positive test isolate was also 733.87 bp.  
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Figure 4.16: PCR amplification of the tetM gene of the positive isolate 

Lane 1: Ladder.                                      Lane 2-3:  hospital MRSA isolates 

Lane 4: poultry isolate of S. aureus         Lane 5; poultry MRSA isolate 

Lane 6-7: poultry MRSA isolate              Lane 8: hospital MRSA isolate 

Lane 9: poultry MRSA isolate                  Lane 10-16: poultry S. aureus isolate 

Lane 17: positive tetM poultry isolate       Lane 18-21: poultry S. aureus isolates 

Lane 22-26: hospital MRSA isolates         Lane: lane 27: poultry MRSA isolate 

Lane 28: hospital MRSA isolates               Lane 28: negative control (sterile distilled water) 

Lane 29: positive control.                          Lane 30: ladder. 



 
 

 
 

117 

 

 

4.7.5 Multilocus sequence typing (MLST) of S. aureus 

Results obtained from multilocus sequence typing of the seven housekeeping genes of 9 of 

the isolates showed that the isolates were of 3 sequence types (ST5, ST15 and ST121).  

ST121 had only one spa type t002. ST5 had 2 spa types t002 and t11469. ST15 had 2 spa 

types; t002 and t084 (Table 4.14). 
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            Table 4.14: The Sequence types (ST) of sequenced S. aureus isolates. 

 

Isolate 

spa type (t) 

 Allelic profiles 

arc,aro,glp,gmk,pta,pti,yqi sequence type (ST) 

amc-10 
t084 13, 13, 1,      1,    12, 11, 13          ST15 

amc-23 t11469 1,    4,   1,      4,    12, 1,  10          ST5 

am-26 t002 1,     4,  1,      4,     12, 1, 10          ST5 

ar-15 t002 6,     5,  6,      2,      7, 14, 5          ST121 

b-13 t11469 1,     4,  1,       4,    12, 1, 10          ST5 

b-93 t11469 1,    4,   1,       4,     12, 1, 10          ST5 

bp-13 t11469 1,    4,    1,       4, 12, 1, 10          ST5 

acl-10 t002 13, 13,   1,       1, 12, 11, 13          ST15 

 

cl-10 t11469 1,    4,     1,       4, 12,  1, 10          ST5 
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4.7.6: Staphylococcal cassette chromosome mec (SCCmec) typing of MRSA isolates. 

The MRSA isolates were typed to determine the staphylococcal cassette chromosome mec 

(SCCmec) for which 11 types have been reported. All the isolates typed were SCCmec type 

V. This was as shown in figures 4.17- 4.19  

Figure 4.17 showed the SCCmec typing of 11 MRSA isolates from poultry (lanes 2-3, 5, 8) 

and hospital isolates (lanes 4, 5, 7 and lanes 9-13). MRSA, USA300 used as a control has 

SCCmec type IVc. The SCCmec type V MRSA, HPH1 was also used as control. AMC 9 

failed to amplify. 

The amplified band of the MRSA USA300 used as control for type IVc SCCmec was 

738.53bp. The amplified band of the type V positive control was 364.64bp. The amplified 

base pair of the test isolates were 364.64 bp. 

Figure 4.18 is the SCCmec typing of 5 MRSA isolates, 3 from poultry (lanes 2, 3 and 7) and 

2 from hospital (lanes 4 and 5). All the MRSA were SCCmec type V. The amplified bands of 

the control and test isolates were 364.64 bp. The amplified band of the mecA gene was 

166.45 bp. 

Figure 4.19 was a repeat SCCmec typing of MRSA AMC 9. It was also found to be SCCmec 

type V. MRSA. The amplified base pair of the test control (HPH1) and test isolate (AMC 9) 

was 359.557 bp. 
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Figure 4.17: SCCmec typing of 11 mecA positive isolates 

Lane 1: ladder                                                         Lane 2-3: MRSA isolates from poultry 

Lane 4: MRSA isolate from hospital                      Lane 5: MRSA isolate from poultry 

Lane 6: Unamplified hospital MRSA isolate         Lane 7: MRSA isolate from hospital 

Lane 8: MRSA isolate from poultry                        Lane 9-13: MRSA isolate from hospital 

Lane 13: positive control (USA300)                        Lane 14: positive control (HPHI) 

Lane 15: negative control (sterile distilled water)    Lane 16: 1Kb ladder. 
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Figure 4.18: SCCmec typing of 5 of the mecA positive isolates 

Lane 1: ladder                                                   Lane 2-3: poultry MRSA isolate  

Lane 4-5: hospital MRSA isolates                   Lane 7: poultry MRSA isolate  

Lane 8-13: poultry MSSA                                Lane 14: 1Kb ladder 
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Figure 4.19: SCCmec typing of AMC 9, a mecA positive isolate 

Lane 1: ladder                                                               Lane 2: hospital MRSA isolate 

Lane 3: positive control (USA300)                               Lane 4: positive control (HPH1) 

Lane 5: negative control (sterile distilled water)            Lane 6: ladder. 

 

 

 

 



 
 

 
 

123 

CHAPTER FIVE 

5.0 DISCUSSION  

In this study, S. aureus was recovered from 247 chicken from 9 farms spread across Ebonyi 

State and 4 poultry farm workers amongst 19 workers recruited and screened for S. aureus. 

Several studies have reported Staphylococcus aureus in animals (Cuny et al., 2010; Umaru et 

al., 2011) especially in their nares (Persoon et al., 2009; Szabó et al., 2012) and in chicken 

droppings (Olayinka et al., 2010). In addition, 78 S. aureus were identified amongst clinical 

isolates of staphylococci from 3 hospitals across the State.  

All the farms screened harbored S. aureus. The S. aureus were isolated from cloacae and 

nostrils of the poultry birds; the two sites screened for the carriage of S. aureus in poultry. In 

some of the broilers and layers screened, both sites yielded growth of S. aureus. This was 

consistent with the reports of Williams (1963) and Basset et al, (2011) that S. aureus resides 

asymptomatically on the skin and in the nose of animals.  

The number of S. aureus isolated varied from farm to farm. This could be attributed to a 

number of factors including; people through their footwears and clothings, feed bags and 

litters, contaminated equipments and machines, sick and wild birds, rodents and day old 

chicks infected in the hatcheries. The differences in the recovery of S. aureus in the farms 

could be accounted for by the variation in the levels of contamination of these birds from 

these sources and the hygiene level of each of the farm. Statistical analysis of our data 

showed that there was no significant difference in prevalence of S. aureus among layers and 

broilers in this study (p = 0.862 > 0.05). 

Poultry birds cloacae and nostrils were screened for S. aureus.  In most of the chicken found 

to harbor S. aureus, recovery of the bacterium was from both cloacae and nostrils. A chicken 

was termed positive if any of the sites screened yielded growth of S. aureus. Farm to farm 
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analysis showed that the percentage of recovery from both cloacae and nostrils was higher 

than either recovery from cloacae or nostril alone. The number of S. aureus recovered by 

sampling both the cloacae and the nostril were higher (52%). This finding was in 

concordance with the findings of Persoons et al. (2009) who recovered S. aureus in all 

cloacae and nares screened. In other chickens, S. aureus was recovered only from cloacae 

while in some others it was from nostril only. More S. aureus were isolated from cloacae 

compared to nostrils. The percentage of S. aureus recovered from cloacae alone was 27% 

(n=67) while the ones that were isolated only in nostril was 21% (n=51). The reason for 

recovery of more S. aureus in cloacae (27%) than in nostril (21%) was not clear, but might be 

associated with the feeds which has been reported to carry contaminants including S. aureus 

(Crump et al., 2002) and are shed in droppings, part of which could be retained in the 

cloacae. Study has reported droppings as a good specimen for recovery of S. aureus in 

poultry (Olayinka et al., 2010). Chicken droppings were not screened in this study because 

these birds were not caged as such it was difficult to establish that a particular dropping was 

from a particular chicken. Statistical evaluation of S. aureus recovered from various sites 

using single factor Anova, showed that at p level ≤ 0.01, there was a significant difference 

between S. aureus recovered from the poultry sites (Appendix 5b). This was in conformity 

with the findings of Pletinckx et al, (2011), who also reported that the percentage of S. aureus 

recovered from both cloacae and nostrils as compared to cloacae or nostril only were not only 

higher but statistically significant. Furthermore, the recovery of more S. aureus by sampling 

both cloacae and nostril in the same bird indicated that multisite sampling in poultry gave 

better yield of S. aureus than single site. It could therefore, be inferred that cloacae was a 

better site for recovery of S. aureus in poultry than the nostrils; an inference in agreement 

with Pletinckx et al. (2011). The overall carriage of S. aureus amongst poultry birds in this 

study was 14% (247/1800). Percentage MRSA prevalence of 25.9% has been reported in 

turkey in Germany (Friese et al., 2013). 
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Staphylococcus aureus was isolated from nasal swabs of workers in poultry farms screened. 

In humans, the nasopharynx remains major niche of Staphylococcus aureus where they exist 

as normal commensal (Bien et al., 2011). Out of 19 workers screened across the State, only 

21 % (4/19) harbored S. aureus in their nostrils. Though the sample size in this study (n=19) 

was small, the percentage carriage was higher compared to the finding of Mulders et al. 

(2010), who reported a nasal carriage of 13.8% among broiler rearers but lower than the 

findings of Smith et al. (2009), who reported 45% carriage amongst swine workers. Carriage 

of 25-30% of S. aureus has been reported amongst pig farmers in the Netherlands (van-Loo et 

al., 2007). As reported elsewhere nasal carriage of S. aureus remains a major threat to human 

health as it may emerge from colonized sites to cause infection or be transmitted to other 

persons (Rodriguez-Noriega et al., 2010). A carrier of S. aureus or MRSA is at potential risk, 

especially when admitted to hospital, of developing an infection involving the colonizing 

pathogen and of transmitting the MRSA to other patients with risk factors for infection 

(Rodriguez-Noriega et al., 2010). 

The incidence of S. aureus varied from hospital to hospital. Out of the 50 isolates obtained 

from Federal teaching hospital Abakaliki (FETHA), 28 of them were S. aureus. In General 

Hospital Onueke (GHO) 19 isolates were found to be S. aureus while at Afikpo Medical 

Center 31 were S. aureus. The high incidence of S. aureus amongst clinical isolates of 

staphylococci analyzed in this study showed the versatility of the bacterium and the 

frequency of its involvement in staphylococcal infections. Out of the 78 S. aureus from the 3 

hospitals, Afikpo Medical Center had the highest percentage incidence of (40%) followed by 

Federal Teaching Hospital Abakaliki (36%) and Onueke General Hospital with 24%. The 

differences in the incidence have been statistically evaluated and were found to be 

insignificant. (Appendix 5c).  Staphylococcus aureus have been implicated in several clinical 

situations worldwide (Humphreys, 2012). 
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Antibiotic susceptibility testing (AST) was carried out to obtain antibiotic resistance profiles 

of the 329 Staphylococcus aureus isolates (Appendix 8). All the S. aureus were found to be 

susceptible to Quinupristin/dalfopristin, Linezolid, Rifampicin and Vancomycin; a result 

similar to reports elsewhere (Shittu et al., 2011; Adwan et al., 2012). This finding was also 

consistent with earlier reports in the same environment (Nworie et al., 2013a, Nworie et al., 

2013b). Vancomycin has remained last line treatment for MRSA infections although cases of 

vancomycin resistance has been reported in many places (Sievert et al., 2008; Olayinka et al., 

2010; Howden et al., 2011; Orji et al., 2012). Out of the 329 isolates that were screened for 

methicillin resistance, 28 of them were methicillin resistant, representing a prevalence of 

8.5% in this environment. This finding was consistent with report elsewhere (Liu et al., 

2012). Varying MRSA prevalence has been reported both in the clinics and in farms (van 

Cleef et al., 2010; Rafee et al., 2012). Data obtained in this study showed that most of the 

MRSA were resistant to 4 or more antibiotics. Infact, 4 of the MRSA isolates were resistant 

to 6 antibiotics. 

The highest percentage resistance of 47.7% was recorded against tetracycline followed by 

trimethoprim/sulfamethoxazole with 42.6%. Comparison of the percentage resistance of 

poultry and clinical isolates of S. aureus showed that the clinical isolates displayed higher 

percentages of resistance than poultry isolates except to erythromycin. This may be attributed 

to the constant use of these antibiotics in clinical therapy resulting in the emergence of 

resistance to most of them. As reported by Davies and Davies (2010), the huge prescription 

and extensive use of antibiotics without control and caution may account for widespread of 

antibiotic resistant organisms. In Federal Teaching Hospital some of these antibiotic are 

rountinely used (Orji et al., 2012).  The higher resistance of poultry isolates to erythromycin 

is attributable to heavy use of these antibiotics in animal husbandry and veterinary (Kilonzo-

Nthenge et al., 2007; Nemati et al., 2008). Resistance to fluoroquinolones, tetracycline and 
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macrolides has been reported to be frequent amongst broilers in the Denmark (Aarestrup et 

al., 2000). 

The number of poultry isolates of S. aureus that were cefoxitin resistant was 15 (n=247), 

representing an overall MRSA carriage of 6% amongst poultry isolates. This finding was 

similar to that of Persoons et al. (2009) who reported low prevalence of MRSA amongst 

poultry in Belgium. MRSA from broilers constituted 73% of all MRSA recovered from 

poultry. 

 Compared to reports elsewhere in other animal species, the result obtained in this study was 

very low. Similar study amongst Iberian pigs reported 28% prevalence of MRSA (Porrero et 

al., 2012). There were more MRSA in broilers 73% (n=11) than in layers 27% (n=4) in this 

study. This was statistically evaluated and was found to be insignificant (Appendix 5d). This 

finding was similar to the report of Persoons et al. (2009) who found MRSA amongst broilers 

and none in layers. The reason for this was not clearly understood but it could be associated 

with the sources of contamination.  Friese et al. (2013) had reported that hatchery, air 

emmissions, environment and rodents are common sources of MRSA in animals. All the 

farms had MRSA except farm 4, 8 and farm 9. The number of MRSA isolates ranged from 

one in some farms to 5 in others. Reasons for this are not clear but it could be as a result of 

factors that contaminate the farm environment and the chicken themselves. It could also be 

due to zoonoses or reverse zoonoses or even contamination of feeds by MRSA. It could be 

due to improved hygiene in the MRSA free-farms.  

Resistance to tetracycline and erythromycin were very high, 45.7% and 19.4% respectively; a 

finding consistent with findings of De Neeling et al. (2007) in pigs. This could be attributed 

to increasing use of these antibiotics in animal husbandry as earlier reported (Kilonzo-

Nthenge et al., 2008; Nemati et al., 2008; Persoons et al., 2009) and high incidence of 

resistance to them has also been reported elsewhere (Persoons et al., 2009; Liu et al., 2012). 
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The low resistance to the other antibiotics except trimethoprim/sulfamethoxazole (40.9%) 

observed could be attributed to their seldom use in animal husbandry.  

Compared to poultry isolates, only one isolate from a nasal swab of a poultry farm worker 

was MRSA, representing a percentage carriage of 25% (n=4). Nasal carriage of 

Staphylococcus aureus has been identified as a risk factor for community-acquired and 

nosocomial infections (Datta and Huang, 2008). Varying MRSA prevalence has been 

reported worldwide amongst animal farm workers. Smith et al. (2009) reported 45% carriage 

of MRSA amongst swine workers in the Midwestern United States of America. In a study in 

3 large pig slaughterhouses to determine the prevalence and determinants of nasal MRSA 

carriage in pig slaughterhouse workers in the Netherlands, van Cleef et al. (2010) reported 

5.6% overall prevalence of nasal MRSA carriage amongst this population. This was higher 

than in the general population, suggesting that working with live pigs was the single most 

important factor for being MRSA positive (van Cleef et al. 2010). In a study of high diversity 

of S. aureus and S. pseudintermedius lineages and toxigenic traits in healthy pet-owning 

household members, Gomez-Sanz et al. (2013), reported that S. aureus was present in 51.2% 

of households studied while 28 owners (41.8%) carried S. aureus and one MRSA. In an 

international study of the prevalence of MRSA among veterinarians, Wulf et al. (2008) 

reported that 12.5% participants from 9 countries carried MRSA and transmission of MRSA 

from pigs to staff tending to these animals appears to be an international problem, creating a 

new reservoir for community-acquired MRSA (CA-MRSA) in humans in Europe, and 

possibly worldwide.  Faires et al. (2009), in a study of the prevalence of concurrent MRSA 

colonization in people and pets in the same household, reported that 17.9% humans, 8.3% 

dogs, and 10% cats were colonized with MRSA. 

All the isolates from the poultry farm workers in this study were susceptible to 

quinupristin/dalfopristin, doxycycline, erythromycin, gentamycin, linezolid, rifampin and 
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vancomycin. However, 2 of the isolates were tetracycline resistant representing tetracycline 

resistance of 50% (n=4). 

All the 78 clinical isolates of S. aureus from the hospitals were susceptible to 

quinupristin/dalfopristin, linezolid, rifampin and vancomycin. This was consistent with 

reports elsewhere (Persoons et al., 2009; Shittu et al., 2011; Liu et al., 2012). However, 

unlike the poultry isolates, the clinical isolates displayed higher percentage of resistance to 

most of the antibiotics. This was not surprising as these antibiotics were routinely used in 

clinical environment resulting in the generation of high level of resistance. This was 

consistent with findings of Shittu et al. (2011).  Cefoxitin resistance varied from hospital to 

hospital. The overall percentage prevalence of MRSA in the hospitals in this study was 15%; 

a finding similar to the report of Shittu et al, (2011) who documented 16% oxacillin 

resistance amongst S. aureus from clinics and healthy individuals in Southwest Nigeria. 

Higher prevalence has been reported in many other populations and amongst clinical isolates 

of S. aureus in Ngeria. In Southwest Nigeria, a study in Ibadan involving 188 cases of wound 

infection in University College Hospital Ibadan between December 1994 and April 1995 

showed that 41.5% (78/188) of them were methicillin resistant (Okesola et al., 1999). 

Similarly, Adegoke and Komolafe (2009) reported 50% methicillin resistance amongst 

isolates of Staphylococcus aureus in Ile-Ife. Ghebremedhin et al. (2009) reported MRSA 

prevalence of 20.2% in Southwest Nigeria. In Benin, South-South Nigeria, Sani et al. (2011) 

reported 48.78% methicillin resistance out of 123 isolates of S. aureus from 2040 biological 

samples (pus, urine, sperm, genital, catheter and blood) of hospitalized and extra hospitalized 

patients.  

Out of the 3 hospitals, Afikpo Medical Center had the highest MRSA incidence of 50% 

followed by Federal Teaching Hospital, Abakaliki with 33% and Onueke General Hospital 

with 17%. 
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Antibiotic resistance of the clinical isolates (Figure 4.5) was higher than those of the poultry 

isolates although lower than those reported elsewhere in Nigeria (Shittu et al., 2011). This 

work reports that there were no vancomycin resistant or intermediate resistant S. aureus in 

Ebonyi State; a finding at variance with earlier report in this environment (Orji et al., 2012) 

and reports elsewhere in Nigeria (Olayinka et al, 2010). However, it does agree with other 

findings elsewhere (White et al., 2003; Shittu et al., 2011). Vancomycin and daptomycin are 

the last line treatment drugs for MRSA and to date; only limited reports of resistance to them 

have been documented in Nigeria (Olayinka et al, 2010; Orji et al., 2012). The susceptibility 

of the isolates to vancomycin might be due to rare prescription of the drug in this 

environment. However, the complete susceptibility of all the isolates to 

quinupristin/dalfopristin, linezolid, rifampicin and vancomycin suggest that these antibiotics 

could hold great potential in the treatment of staphylococcal infection in Ebonyi State: a 

finding indicative of treatment options for staphylococcal infections in the area.   

All the S. aureus in this study displayed varying percentages of resistance to each of the 

antibiotics used. Resistance recorded were augmenting, 3.3%; cefoxitin, 8.5%, cefuroxime, 

6.7%; Chloramphenicol, 19.1%; doxycycline, 7.6%; erythromycin, 18.2%; gentamycin, 

5.8%; levofloxacin 4.6%; tetracycline, 47.7%; trimethoprim/sulfamethoxazole 42.6%. The 

number of isolates resistant to one antibiotic was 63 while 65 isolates were resistant to 2 

antibiotics. Furthermore, 46 isolates were resistant to 3 antibiotics and 29 resistant to 4 

antibiotics and 13 and 4 isolates were resistant to 5 and 6 antibiotics respectively. These level 

of multi-antibiotic resistance was not surprising as the area where this study was carried out 

are cosmopolitan cities with lots of anthropogenic activities including waste water which is a 

known source of antibiotic resistance genes as earlier reported elsewhere (Lupo et al., 2012).  

The high percentage (13.97%) of the isolates showing multi antibiotic resistance index 

(MARI) of 0.3 and above recorded in this study could suggest that the S. aureus with these 
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resistance patterns were from environment where these antibiotics were commonly used 

(Krumperman, (1983). The highest prevalent multidrug resistance pattern of 15.2% was a 

combined resistance to chloramphenicol, erythromycin, tetracycline and 

trimethoprim/sulfamethoxazole. This was followed by a combined resistance to doxycycline, 

erythromycin, tetracycline and trimethoprim/sulfamethoxazole (6.5%) and cefoxitin, 

chloramphenicol tetracycline and trimethoprim/sulfamethoxazole (6.5%). 

Staphylococcus aureus with multi-drug resistance has been reported in poultry farms in China 

with prevalence that varied from farm to farm in relation to severity of use of antibiotics (Liu 

et al., 2012). MRSA in this study exhibited higher multidrug resistance than the S. aureus. It 

has been documented that MRSA adaptability and propensity for acquiring resistance genes 

among species and from the environment by horizontal transfer (Lupo et al., 2012), accounts 

for its multidrug resistance. 

 In all the farms screened, most of the antibiotics used for susceptibility testing were 

commonly used as food supplements, prophylaxis and treatment of diseased birds and this 

could be an explanation for the resistance of these isolates to a good number of the 

antibiotics. Resistance to these drugs especially tetracycline and sulfamethoxazole has been 

reported in poultry (Persoons et al., 2009) and amongst meat sellers. 

Molecular analysis of the isolates showed that all the S. aureus that were cefoxitin resistant, 

carried the mecA gene.  mecA is a determinant of methicillin resistance and it not only confers 

resistance to penicillin but to all antibiotics carrying the β-lactam ring thereby making MRSA 

a multi resistant organism (Drawzand and Bonomo, 2010). SCCmec typing of all the MRSA 

isolates from poultry, hospitals and poultry farm worker showed that they were identical, 

presenting a possibility of horizontal transmission. The presence of mecA gene amongst 

chicken isolates of S. aureus in this study portends serious health risk because of reported 

cases of zoonosis elsewhere (Smith et al., 2009; Kock et al., 2009; Wulf et al., 2012; Kock et 
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al., 2013). The isolation of a mecA positive isolate from one of the  poultry farm workers in 

this study was worrisome especially as the farm workers were mainly family members of the 

owners and chances of farmer-to-family spread is high, providing a possible reservoir for 

spread of the bacterium to the community. To the best of our knowledge, this was the first 

molecular characterization of S. aureus in poultry in Ebonyi state. 

The percentage carriage of mecA amongst poultry and clinical isolates was 6% and 15% 

respectively. Carriage amongst poultry farm workers was 25%; a carriage regarded very high 

because of the intransigence and multidrug resistance capabilities of MRSA. This percentage 

carriage is too high as the bacterium might be transmitted from the farmers to their family 

members who in turn might become carriers and shedders of the bacterium and therefore 

source of community outbreaks. Nasal carriage of S. aureus has been demonstrated as 

significant risk factor in nosocomial and community acquired infections in several 

populations (Kumar et al., 2011; Kock et al., 2009). Exposure to livestock has been 

demonstrated as a serious risk factor also (Smith et al., 2009, Van Cleef et al., 2011). 

Our data from spa PCR of 46 isolates showed that 4 spa types were circulating amongst 

poultry, poultry farm workers and in the clinics in Ebonyi State. The spa types were t002, 

t084, t2304, and t11469. Studies have shown that MRSA epidemiology vary from one 

geographic location to another (Breurec et al., 2011, Shittu et al., 2011; Mediaville et al 

2012). The finding of t002 amongst the poultry isolates was consistent with earlier report of 

poultry adapted t002 of sequence type ST5 that originated from humans and spread to 

commercial poultry (Lowder et al., 2009; Kock et al., 2013).  

spa type t002 were the most prevalent, constituting 48% of the spa types in this study. This 

was followed by t084 with 24%, t11469 with 15% and t2304 with 13%. spa types t002 and 

t11469 were found amongst the 3 groups of isolates (poultry, poultry farm workers and 

hospital). Prevalence of t002 belonging to ST5 in clinical samples has been reported (Torres-
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Sangiao et al, 2012) which agrees with the findings of this study. Earlier studies had also 

described t002 strains in live animals (Khanna et al., 2008) and recent report show that 

humans transmitted ST5 (t002) to poultry several decades ago, where it later spread and has 

now become endemic (Lowder et al., 2009). The finding of t002 in poultry farm workers 

(am-26 and cl-8) in the same farm where the same spa type was found amongst poultry 

isolates (farm 1 and farm 8 respectively) as well as amongst hospital isolates, suggest human 

to animal or animal to human transmission; an indication of interspecies transmission and 

finding consistent with reports elsewhere (Voss et al., 2005; Witte et al., 2007; Waters et al., 

2011) The exact route of transmission could not be determined. However, this finding further 

suggests that this spa type was circulating in this environment. As this spa type is a human 

strain involved in staphylococcal infection, chances are that it might dessiminate from poultry 

into the community and clinical settings where it could be involved in serious staphylococcal 

infections as reported earlier by Kock et al. (2009).   

Furthermore, spa type t084 and t2304 were found amongst poultry and hospitals isolates; a 

result consistent with the report of Shittu et al. (2011), who reported spa type t2304 and t084 

from nasal and clinical isolates in different parts of Nigeria including Lagos, Ogbomosho and 

Maiduguri (Shittu et al., 2011). This two spa types though recovered from nasal swabs of the 

poultry birds were not recovered from the nasal swabs of poultry farm workers. spa type t084 

has been reported amongst hospital acquired infections (HAI) (Shittu et al., 2011; Torres-

Sangiao et al, 2012). The finding of these spa types commonly found in humans in poultry is 

indicative of interspecies transmission and dissemination across species border.  It is 

suggestive of reverse zoonosis and these birds might act as reserviours of this spa types and 

become sources of community and clinical outbreaks.  To the best of our knowledge, this is 

the first report of this spa types in poultry birds in Ebonyi State.  
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A novel spa type t11469 was isolated from poultry birds (b-21, b-27 and b-93), poultry farm 

worker (b-13) and hospital isolates (amc 23 and amc-30) in Ebonyi State. Interestingly, this 

novel spa type was found in birds in a farm (farm 3) where one of the farm workers was 

carrying the same spa type. The same spa type was also found in a hospital servicing this 

environment. This was another evidence of transmission from human to animal or vice verse. 

To the best of our knowledge this was the first report of spa type t11469 in Nigeria or 

elsewhere. The finding of this novel spa type is of great concern since it had not been 

characterized as to determine its pathogenic potential.  Whether this spa type might be more 

virulent and invasive is not known.   

Our data showed that out of 54 isolates screened for PVL (lukS-lukF) gene associated with 

MRSA virulence, only 8 of them were PVL positive, representing a percentage prevalence of 

14% (n=54).The number of MRSA that were PVL positive was one, representing a 

prevalence of 3.5% amongst MRSA in this study (n=28). This finding was similar to the 

report of Sani et al. (2011) who reported PVL gene prevalence of 3.25% amongst MRSA and 

8.13% amongst MSSA from hospitalized and extra hospitalized patients in Nigeria. Several 

studies have reported PVL gene in many MSSA and MRSA isolates worldwide (Lina et al, 

1999; Holmes et al., 2005; Melles et al., 2006; Bocchini et al., 2013). PVL has been reported 

in China not only in CA-MRSA but in HA-MRSA, which suggests that PVL is not an 

exclusive marker of CA-MRSA (Deurenberg et al., 2007; David and Daum, 2010). 

All the PVL positive isolates in this study were from poultry. To the best of our knowledge, 

this was the first report of PVL positive isolates in poultry in Ebonyi State, Nigeria. Of the 

isolates that were PVL positive, 12.5% were MRSA while the remaining 87.5% were MSSA; 

a finding suggestive of the dominance of MSSA amongst PVL producing S. aureus. This 

finding was consistent with that of Okon et al. (2012) who had reported 52.1% PVL positive 

isolates amongst MSSA and none in MRSA in 6 States of Northeastern Nigeria. The finding 
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of PVL genes amongst poultry isolates in this study portend great risks to those working in 

close contact with poultry birds due to its association with necrosis and skin infections. 

Omuse et al. (2013) reported that PVL positive isolates appeared to be more successful 

pathogens in skin and soft tissue infections (SSTIs) and because of its high transmissibility, 

this strain could cause serious clinical conditions if it makes its way into the community and 

hospital setting just like MRSA USA300. 

Furthermore, 47.7% (157/329) of the isolates of S. aureus were tetracycline resistant. Out of 

the isolates screened for tetracycline resistance gene, tetM, only one isolate was positive for 

tetM, representing a prevalence of 3.1% (n=32). The rest of the isolates were tetM negative, 

which suggests that other teracycline resistance genes might be responsible for the resistance 

observed in this study. The gene for tetracycline resistance is determined by several 

tetracyclines (tet) gene amongst which is tetM (Schmitz et al., 2001). 

Two tetracycline genes tetM and tetK are common in poultry (Huys et al., 2004). The wide 

distribution of tet (K) and tet (M) among S. aureus strains has been associated to these genes 

being found on mobile genetic elements such as small plasmids and conjugative transposons 

respectively (Chopra and Roberts, 2001). While tetM is carried on conjugative transposons 

such as Tn916 (Clewell et al., 1995) tetK is disseminated by a transmissible plasmid of the 

family pT181 (Guay et al., 1993).  

The choice of tetM in this study was based on the fact that tetM genes were carried on 

conjugative transposons with wider host range compared to tetK and other tetracycline genes 

carried on plasmids which has limited host range as reported by Robert, (2012). Besides, the 

extensive and long-time application of chlortetracycline and oxytetracycline as growth 

promoters in poultry farming (Witte, 2000) has made tetracycline resistance one of the most 

frequently occurring resistance phenotypes among S. aureus from farming, processing, and 
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storage environments of poultry (Huys et al., 2004). In all the farms screened in this study, 

tetracycline was extensively used. 

The fact that only one isolate in this study carried the tetM gene could suggest that the 

transposon carrying the tetM gene is not wide spread in poultry in Ebonyi State. This finding 

was consistent with that of Huys et al. (2004), who reported only one tetM isolate in poultry 

processing plant in South Africa. Tetracycline resistance genes tetK and tetM occur together 

in strains of S. aureus (Warsa et al., 1996).  Our result, therefore, was limited by not 

screening for the tetK gene. As a consequence, it was not possible to establish whether tetK 

was responsible for the large tetracycline phenotypes (n=157) in this study or other 

tetracycline genes. Notwithstanding the finding of only one tetM positive isolate in this study, 

the fact that it was present is of great concern due to the ease with which they spread, usually 

carried on conjugative transposon with wide host range.  

Multilocus sequencing of 9 S. aureus selected at random including the novel spa type t11469, 

showed that 3 (t002, t084 and t11469) of the 4 spa types identified in this study belong to 3 

sequence types ST5, ST15 and ST121. Sequence type ST121, ST15 and ST5 have been 

reported amongst clinical isolates in Nigeria and elsewhere (Vorobieva et al., 2008; Breurec 

et al., 2011; Shittu et al., 2011). Sequence type ST15 had 2 spa types; t002 and t084 in this 

study. Breurec et al. (2011) had identified t084 as a common spa type in ST15. Sequence 

type ST5 had 2 spa types, t002 and a novel spa type t11469. spa type t002 has been reported 

as a major strain in ST5 (Lowder et al., 2009; Hasman et al., 2010). Sequence type ST121 

had only one spa type t002. The occurrence of spa types t002 in all the sequence types ST5, 

ST15 and ST121 and t11489 in ST5 suggests genetic relatedness of the strains (t002 and 

t11469). It may also suggest a clonal relatedness of the 3 sequence types or high diversity of 

S. aurous strains and sequenece types; a finding collaborated by Vandenesch et al. (2003) 

who reported that strains with common features have arisen in geographically dispersed S. 
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aureus strains with unrelated genetic backgrounds, indicating multiple independent clonal 

origins. In this study, both sequence types ST5 and ST15 were found in MRSA and MSSA 

while ST121 was found in MSSA. This finding was consistent with that of Breurec et al. 

(2011) who reported that sequence type ST121 shared common features (common genetic 

background and prevalence) with ST15 and that MRSA was rarely documented in ST121. To 

the best of our Knowledge, this was the first report of these sequence types amongst poultry 

birds in Nigeria. 

Staphylococcal cassette chromosome mec (SCCmec) typing in combination with genotyping 

of the Staphylococcus aureus chromosome has become essential for defining and 

understanding molecular epidemiology in MRSA clones (Kondo et al., 2007; Derenberg et 

al., 2007).  SCCmec typing of MRSA in this study showed that they belonged to SCCmec 

type V and therefore could be classified as community associated MRSA (CA-MRSA). 

SCCmec type IV and V have been reported as major clones in Africa and also in livestock 

associated MRSA (Breurec et al., 2011) and both types have been classified as CA-MRSA 

(IWG-SCC, 2009). The finding of SCCmec type V in all the clinical isolates in this study was 

in concordance with report of Shittu et al. (2011) who had reported MRSA with SCCmec 

type V in clinical settings in Nigeria. Our data also showed that all the MRSA-V isolates 

displayed relatively high resistance to erythromycin. This was consistent with earlier report 

by Adwan et al, (2012) who reported that SCCmec type V showed relatively high resistance 

to erythromycin. The fact that all these isolates were CA-MRSA as our data showed raises 

great health concern not only to the poultry farm workers and their families but to the general 

public who are constantly exposed to chicken due to the high adaptability of these strains to 

the ever changing environmental condition, including antibiotic environment.   

There is evidence that CA-MRSA is displacing HA-MRSA in clinical setting (Chambers and 

Deleo, 2009) and this could be another reason for the presence of type V SCCmec amongst 
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the clinical isolates in this study. As these strains are becoming endemic in hospitals as 

reported elsewhere (Chambers and Deleo, 2009), it portends grave health hazard to the 

general public as they might disseminate from these birds into the community and the clinics 

where treatment options have become narrow and therefore difficult to combact due to its 

multi-antibiotic resistance propensities.  This was another evidence of the changing 

epidemiology of MRSA from hospital to the community and the extreme versatility of the 

community strains as reported elsewhere (Mediavilla, 2012). 

.  
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CHAPTER 6 

6.0 SUMMARY 

The following findings were made in this study; 

a) Staphylococcus aureus were present in poultry farms across Ebonyi State, Nigeria. 

The percentage carriage of S. aureus in poultry in Ebonyi State was 14% (247/1800). 

b) Cloaca was found to be a better site for recovery of S. aureus than nostril. A 

combination of the two sites was found to be better than a single site in the recovery 

of S. aureus from poultry farms in Ebonyi State. 

c) The percentage carriage of S. aureus amongst poultry farm workers was 21% (4/19) 

while the percentage incidence of S. aureus amongst clinical isolates of staphylococci 

in hospitals was 52% (78/150). 

d) Antibiotic resistance profile of S. aureus in this study, showed that 28 isolates were 

methicillin resistant, representing an MRSA carriage of 8.5% in the State. MRSA 

carriage in poultry was 6% (15/247) while MRSA carriage amongst clinical isolates 

was 15% (12/78) and 25% (1/4) amongst poultry farm workers. All the MRSA in this 

study were multidrug resistant. There was a correlation between cefoxitin resistance 

and detection of mecA gene. Multiplex polymerase chain reaction showed that all the 

28 S. aureus isolates that were cefoxitin resistant carried the mecA gene. 

e)  Four spa types; t002, t084, t2304, and t11469 were circulating in Ebonyi State with 

spa type t002 as the predominant spa type. This study reports a novel spa type t11469 

which to the best of our knowledge is the first report of this spa type in Nigeria or 

anywhere else. 

f)  Panton valentine leuckocidin (PVL) positive isolates of S. aureus were present in 

poultry in Ebonyi State; a finding with significant health implication. Percentage 

carriage of tetracycline resistance gene (tetM) was 3.1% despite the high tetracycline 
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resistance observed which suggests that resistance to tetracycline could have been as a 

result of other tetracycline genes for which many are known, or by other mechanisms 

that are tetracycline gene independent. 

g) MLST analysis showed that 3 sequence types ST5, ST15 and ST121 were circulating 

in Ebonyi State.  

h) All the MRSA isolates belonged to SCCmec type V. SCCmec type V is associated 

with CA-MRSA (IWG-SCC, 2009).   

 

6.1 Conclusion   

The high incidence of Staphylococcus aureus carriage among chicken in this study could 

mean an extensive distribution of this organism amongst poultry. It does indicate that poultry 

farm workers might be at high risk of infection and could be potential sources of community 

outbreaks. Although only one poultry farm worker carried MRSA in this study (n=4) 

representing 25% carriage, it portends serious health risk to the poultry farm workers and 

their families. The high resistance observed amongst poultry isolates of S. aureus against 

tetracycline 45.7% (113/247), trimethoprim/sulfamethoxazole 40.9% (101) and erythromycin 

19.4% (48/247) calls for caution in the use of these antibiotics in poultry and animal 

husbandry in general. 

Molecular epidemiological analysis of S. aureus reveals that 4 spa types (t002, t084, t2304 

and a novel spa type t11469) were circulating in Ebonyi State. Some spa types present in 

poultry were also present in hospital and in poultry farm workers. The isolation of spa type 

t002, an MRSA of sequence type ST5 and a known poultry associated strain was an 

indication of the presence of livestock associated MRSA in poultry in Ebonyi State, Nigeria. 

This finding portends serious health risks to poultry farm workers, their families and the 

general public due to possible farmer-to-family transmission. The finding of the same spa 

types in poultry, poultry farm worker and hospital in Ebonyi State suggests possible zoonosis 
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though the actual route of transmission was not investigated. It was also suggestive of the 

involvement of poultry S. aureus in staphylococcal infection in Ebonyi state, Nigeria. 

 All the PVL positive isolates were from poultry. This pose serious health hazards to those in 

close contact with poultry birds as PVL is associated with tissue necrosis and other skin 

infections. In most homes in Ebonyi State, chicken live in and share facilities with their 

owners. Therefore, the presence of PVL carrying isolates of S. aureus in poultry in this 

environment constitutes a major health threat to the general public. 

All the MRSA belonged to SCCmec type V suggesting that all the MRSA in this study were 

community associated.  

This study therefore, concludes that although MRSA of clonal complex CC398 (ST398) were 

not detected probably due to geographic spread limitations of different sequence types, 

poultry endemic strain t002, a livestock indicator spa type belonging to ST5 was present in 

poultry in Ebonyi State. This finding was consistent with the 2008 report of European Food 

Safety Authority (EFSA, 2009) that non-ST398 can be found in pigs and other animal species 

and Kock et al. (2013) who classified t002 as livestock indicator spa type.  Furthermore, the 

finding of the same spa types of S. aureus in poultry, poultry farm workers and amongst 

clinical isolates of S. aureus is suggestive of interspecies transmission, the presence of LA-

MRSA and their involvement in staphylococcal infection in Ebonyi State.  

6.2 RECOMMENDATIONS  

a.         Combination of modern bacteriological techniques and kits such as latex agglutination 

kits are recommended for proper phenotypic diagnosis of S. aureus and MRSA. 

b. High hygiene standards in farms are recommended to avoid contamination and spread 

of MRSA. Good hand washing practices by staff and those exposed to poultry birds at 

present, remains the single most important infection control measure and if adhered to 
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strictly, would prevent the spread of MRSA and other infections to family members 

and the general public.  

c. Restraints in the use of antibiotics as food supplements in animal feeds, prophylaxis 

and treatment and restraints of clinicians in the empirical treatment with antiobiotic 

are advocated to reduce the emergence and spread of MRSA.  

d. Molecular survillance of S. aureus and MRSA on regular basis for molecular 

epidemiology of this ever changing organism is important to document emerging 

clones and spa types as to identify right treatment options.  

e.       Further studies are recommended to to identify tetracycline resistant genes responsible 

for the high rate of tetracycline resistance observed and the circulating spa and 

sequence types of S. aureus in Ebonyi State 
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APPENDIXES 

 Appendix  1a 

Federal Teaching Hospital Abakaliki Ethical Clearance  
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APPENDIX 1b: 

       CDC Permit to Import or Transfer Etiological or Vectors of Human Disease 
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APPENDIX 2 

Media preparation 

Peptone water 

Appropriate quantity of the premixed powder was dissolved in corresponding volume 

ofdeionized water and distributeded into tubes and flasks. They were autoclaved at 121
o
C for 

15 minutes.  

Preparation of Manitol Salt Agar 

Appropriate quantity of manitol salt agar powder containing 6.5% NaCl and phenol red was 

dissolved in the corresponding volume of distilled water, autoclaved at 121
o
C for 15 minutes 

and allowed to cool and then dispensed aseptically into sterile Petri-dishes as described 

elsewhere (Kumar et al., 2011). 

Preparation of Mueller-Hinton Agar 

Appropriate quantity of Mueller-Hinton agar powder supplemented with 4% NaCl and 

another without NaCl was dissolved in corresponding volume of water according to the 

manufacturer‘s guideline and autoclaved at 121
o
C for 15 minutes. This were allowed to cool 

and aseptically dispensed into sterile Petri-dishes for antibiotic sensitivity testing and for 

detection of MRSA as recommended by the Clinical and Laboratory Standards Institute 

(CLSI, 2008). 

Preparation of Blood Agar                                                                                                                                         

Appropriate quantity of nutrient agar powder was dissolved in corresponding volume of 

water and autoclaved at 121
o
C for 15 minutes. The media was allowed to cool to 50

o
C in a 

water bath. Sterile expired blood obtained from Federal Teaching Hospital Abakaliki was 

aseptically added and mixed properly. After this, the media was dispensed aseptically into 

sterile Petri-dishes and the surface flamed to remove air bubbles. 
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Appendix 3 

Phenotypic Identification of isolates of S. aureus in hospital, poultry and poultry farm 

workers  

Hospital Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx catalase coag latexaggl. 

 

1. amc-2 hemolysis golden yellow 

black col.wit 

clear zone positve positive positive positive 

2. amc-4 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
3. amc-5 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
4. amc-9 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
5. amc-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
6. amc-11 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
7. amc-13 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
8. amc-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
9. amc-20 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
10. amc-22 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
11. amc-23 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
12. amc-24 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
13. amc-27 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
14. amc-29 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
15. amc-30 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
16. amc-31 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
17. amc-37 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
18. amc-39 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
19. amc-41 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
20. amc-44 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
21. amc-47 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
22. amc-50 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
23. amc-53 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
24. amc-54 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
25. amc-59 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
26. amc-61 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
27. amc-64 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
28. amc-65 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
29. amc-68 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
30. amc-70 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
31. amc-72 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
32. amc-73 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
33. amc-74 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
34. amc-76 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
35. amc-77 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
36. amc-78 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
37. amc-80 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
38. amc-82 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
39. amc-83 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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40. amc-85 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
41. amc-87 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
42. amc-88 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
43. amc-90 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
44. amc-92 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
45. amc-95 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
46. amc-96 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
47 amc-98 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
48. amc-101 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
49. amc-103 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
50. amc-104 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
51. amc-106 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
52. amc-108 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
53. amc-110 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
54. amc-111 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
55. amc-112 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
56. amc-114 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
57. amc-116 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
58. amc-118 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
59. amc-119 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
60. amc-120 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
61. amc-122 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
62. amc-123 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
63. amc-125 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
64. amc-128 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
65. amc-129 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
66. amc-131 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
67. amc-133 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
68. amc-135 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
69. amc-137 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
70. amc-139 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
71. amc-140 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
72. amc-142 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
73. amc-143 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
74. amc-145 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
75. amc-147 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
76. amc-148 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
77. amc-149 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
78. amc-150 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm-1 Identification  

 

isolates blood agar 

Mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

79. am-3 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
80. am-6 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
81. am-8 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
82. am-11 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
83. am-13 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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84. am-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
85. am-18 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
86. am-27 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
87. am-31 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
88. am-46 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
89. am-49 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
90. am-53 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
91. am-58 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
92. am-67 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
93. am-94 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
94. am-114 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
95. am-117 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
96. am-118 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
97. am-129 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
98. am-132 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
99. am-138 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
100. am-140 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
101. am-145 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
102. am-157 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
103. am-164 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
104. am-169 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
105. am-173 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
106. am-174 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
107. am-180 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
108. am-191 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
109. am-192 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
110. am-196 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
111 am-197 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm 2 Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

112 ar-7 positve positive positive positve positive positive positive 

113. ar-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
114. ar-13 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
115. ar-15 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
116. ar-21 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
117. ar-37 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
118. ar.42 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
119. ar-49 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
120 ar-54 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
121. ar-60 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
122. ar-83 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
123. ar-84 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
124. ar-89 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
125. ar-103 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
126. ar-107 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
127. ar-116 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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128. ar-132 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
129. ar-142 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
130. ar-149 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
131. ar-154 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
132. ar-155 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
133. ar-163 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
134. ar-168 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
135. ar-171 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
136. ar-175 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
137. ar-178 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
138. ar-182 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
139. ar-186 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
140. ar-188 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
141. ar-193 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
142. ar-198 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm-3 Identification  

 

isolates blood agar 

Mannitol salt 

agar 

Baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

143. b-3 positve positive positive positve positive positive positive 

144. b-8 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
145. b-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
146. b-11 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
147. b-16 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
148. b-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
149. b-19 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
150. b-20 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
151. b-22 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
152. b-27 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
153. b-29 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
154. b-37 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
155. b-40 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
156. b-45 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
157. b-48 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
158. b-53 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
159. b-61 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
160. b-72 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
161. b-80 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
162. b-93 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
163. b-97 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
164. b-103 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
165. b-111 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
166. b-117 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
167. b-121 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
168. b-136 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
169. b-139 ⁺ ⁺ ⁺ ⁺  ⁺ ⁺ 
170. b-140 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
171. b-167 ⁺ ⁺ ⁺ ⁺   ⁺ 
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172. b-175 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm 4 Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

173. bp-1 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
174. bp-4 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
175. bp-11 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
176. bp-13 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
177. bp-16 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
178. bp-19 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
179. bp-24 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
180. bp-32 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
181. bp-39 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
182. bp-47 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
183. bp-49 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
184. bp-63 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
185. bp-66 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
186. bp-71 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
187. bp-80 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
188. bp-88 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
189. bp-92 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
190 bp-103 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
191. bp-107 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
192. bp-110 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
193. bp-137 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
194. bp-146 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
195. bp-157 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm 5 Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

196. l-8 positve positive positive positve positive positive positive 

197. l-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
198. l-12 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
199. l-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
200. l-20 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
201. l-27 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
202. l-39 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
203. l-40 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
204. l-42 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
205. l-60 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
206. l-71 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
207. l-79 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
208. l-82 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
209. l-95 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
210. l-119 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
211. l-132 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
212. l-137 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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213. l-144 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
214. l-151 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
215. l-177 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
216. l-178 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
217. l-180 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
218. l-183 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
219. l-187 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
220. l-191 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm 6 Identification  

 

isolates blood agar 

Mannitol salt 

agar 

Baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

221. ocl-5 positve positive positive positve Positive positive positive 

222. ocl-8 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
223. ocl-15 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
224. ocl-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
225. ocl-22 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
226. ocl-24 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
227. ocl-33 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
228. ocl-42 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
229. ocl-48 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
230. ocl-53 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
231. ocl-59 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
232. ocl-66 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
233. ocl-83 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
234. ocl-86 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
235. ocl-89 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
236. ocl-97 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
237. ocl-109 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
238. 0cl-127 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
239. ocl-130 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
240. ocl-134 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
241. ocl-147 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
242. ocl-169 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
243. ocl-182 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
 Farm 7 Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

244. acl-1 positve positive positive positve positive positive positive 

245. acl-8 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
246. acl-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
247. acl-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
248. acl-22 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
249. acl-27 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
250. acl-31 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
251. acl-38 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
252. acl-43 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
253. acl-49 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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253. acl-54 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
254. acl-58 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
255. acl-63 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
256. acl-70 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
257. acl-77 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
258. acl-81 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
259. acl-85 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
260. acl-94 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
261. acl-99 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
262. acl-107 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
263. acl-113 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
264. acl-118 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
265. acl-124 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
266. acl-128 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
267. acl-137 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
268. acl-143 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
269. acl-149 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
270. acl-155 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
271. acl-159 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
272. acl-166 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
273. acl-173 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
274. acl-180 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
275. acl-191 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
276. acl-194 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
277. acl-198 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
278. Farm 8 Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

279. cl-4 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
280. cl-10 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
281. cl-12 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
282. cl-17 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
283. cl-18 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
284. c-l22 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
285. cl-24 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
286. cl-28 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
287. cl-31 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
288. cl-53 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
289. cl-54 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
290. cl-88 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
291. cl-97 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
292. cl-109 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
293. cl-115 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
294. cl-122 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
295. cl-131 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
296. cl-133 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
297. cl-137 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
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298. cl-149 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
299. cl-162 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
300. cl-182 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
301. Farm 9 Identification  

 

isolates blood agar 

Mannitol salt 

agar 

Baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

 sp-7 positve positive positive positve positive positive positive 

302. sp-11 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
303. sp-18 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
304. sp-19 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
305. sp-29 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
306. sp-40 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
307. sp-52 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
308. sp-60 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
309. sp-68 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
310. sp-70 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
311. sp-77 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
312. sp-94 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
313. sp-99 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
314. sp-106 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
315. sp-111 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
316. sp-118 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
317. sp-119 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
318. sp-138 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
319. sp-151 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
320. sp-153 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
321. sp-154 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
322. sp-167 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
323. sp-173 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
324. sp-180 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
325. sp-186 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
326. workers Identification  

 

isolates blood agar 

mannitol salt 

agar 

baird parker 

agar 

Gram 

rx Catalase Coag 

Latex 

aggl. 

 am-26 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
327. b-13 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
328. cl-8 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
329. sp-3 ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 

 

Keys:  

BAH = Blood agar hemolysis, MSAGY = Mannitol salt agar golden yellow, BPA = Baird 

parker agar, GS = Gram stain, CA = Catalase, CO = Coagulase, LA = Latex agglutination, + 

= positive reaction, - = negatice reaction. 
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Appendix 4 

 

Isolation of S. aureus in both cloacae and nostril of poultry birds in Ebonyi State 

___________________________________________________________________________ 

Farm Cloacae & Nostril   Cloacae           Nostril 

___________________________________________________________________________ 

Farm 1     17 (51.6%)                         10 (30.3%)  6 (18.1%) 

Farm 2     14 (45.2%)                         9 (29.0%)        8 (25.8%) 

Farm 3     14 (46.6%)                         8 (26.7%)       8 (26.7%) 

Farm 4     16 (69.6%)                         5 (21.7%)       2 (8.7%) 

Farm 5     14 (5.06%)                         8 (32.0%)       3 (12.0%) 

Farm 6     11 (48.0%)                         7 (30.0%)         5 (22.0%) 

Farm 7     22 (62.9%)                         8 (22.0%)          5 (14.2%) 

Farm 8     10 (45.4%)                         6 (27.3%)          6 (27.3%) 

Farm 9     11 (44.0%)                         6 (24%)            8 (32.0%)                              
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     Appendix 5a 

      Table 4.2: Staphylococcus aureus recovered from broilers and layers in the poultry    

 

       farms 

 

         Anova on staphylococcus aureus recovered from broilers and layers 

ANOVA 

S. aureus 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Between 

Groups 

.500 1 .500 .037 .850 

Within Groups 215.111 16 13.444   

Total 215.611 17    

         Significant at P≤ 0.05 
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            Appendix 5b 

            Table 4.3: recovery of S. aureus from cloacae & nostrils, cloacae, nostrils) 

 

             Anova on birds with s.aureus in cloacae & nostril, cloacae and nostrils 

ANOVA 

S. aureus 

      Sum of     

     Squares 

      Df  Mean 

Square 

      F      Sig. 

Between 

Groups 

254.889 2 127.444 9.351 .001 

Within Groups 327.111 24 13.630   

Total 582.000 26    

            Significant at P≤ 0.05 
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                Appendix 5c 

                Table 4.9: Prevalence of MRSA in each of the farms screened. 

 

                  Anova on the incidence of broilers and layers 

ANOVA 

MRSA 

      Sum of     

 Squares 

   Df       Mean       

      Square 

    F         Sig. 

Between 

Groups 

       2.722 1 2.722 2.450 .137 

Within Groups       17.778 16 1.111   

Total        20.500 17    

                  Significant at P≤ 0.05 
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Appendix 5d: Table 4.10: Anova on prevalence of MRSA amongst s.aureus in each 

of the hospitals screened 

 

ANOVA 

HOSPITAL 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Between 

Groups 

2.000 2 1.000 .818 .472 

Within Groups 11.000 9 1.222   

Total 13.000 11    

       Significant at P≤ 0.05 
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Appendix 6 

 S. aureus from isolates of staphylococci from 3 hospitals in Ebonyi State 

Hospital Staphylococci S. aureus Total  

Federal Teaching Hospital 22 28 50 

Onueke General Hospital 31 19 50 

Afikpo Medical Center 19 31 50 

Total 72 78 150 
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Appendix 7 

Antibiotics, Strength, Zone Of Inhibition and classes of antibiotics used  

Antibiotic                                                                           Strength 

Resistant zone 

diameter Class of Antibiotics 

Augmentin (Amox--clav) 30µg  ≤ 19mm 

β-lactamase inhibitor 

combination 

Chloramphenicol 30µg  ≤ 12mm Phenolics 

Cefoxitin     30µg ≤ 24 mm Penicillins 

Dalfopristin 15µg ≤ 15mm Streptogramins 

Deoxycycline 30µg ≤ 12mm Tetracyclines 

Erythromycin  15µg ≤ 13mm Macrolides 

Gentamycin   10µg ≤ 12mm Aminoglycosides 

Levofloxacin 5µg ≤ 15mm Fluoroquinolones 

Linezolid  30µg ≤ 20mm Oxazolidinones 

Rifampin 5µ  ≤ 16mm Ansamycins 

Trim/Sulfamethoxazole   1.25/23.75µg ≤ 10mm 

Folate Pathway 

Inhibitor 

Tetracycline  30µg ≤ 14mm Tetracyclines  

Cefuroxime  30µg ≤ 14mm Cephems 

Vancomycin 30µg ≤ 14mm                 Glycopeptide 
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Appendix 8 

Antibiotic resistance profiles of the S. aureus isolates from hospital, poultry and poultry farm workers  

a.  Hospital                                                  Antibiotics  profile  

 isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

1.  amc-2 R R S S S S R S R S S R R S 6 

2.  amc-4 S R R R S S S R S S S R R S 6 

3.  amc-5 S S S S S S S S S S S S S S 0 

4.  amc-9 R R R S S S S S R S S R S S 5 

5.  amc-10 R R S S S S R S S S S R R S 5 

6.  amc-11 R R S S S S S S S S S S S S 2 

7.  amc-13 R R R S S S S S S S S R R S 5 

8.  amc-17 S S S R S S S S R S S R R S 4 

9.  amc-20 S S S S S S S S S S S S S S 0 

10.  amc-22 R R S R S S R S S S S R S S 5 

11.  amc-23 R R S R S S S S S S S S R S 4 

12.  amc-24 R R R S S R S S R S S R S S 6 

13.  amc-27 S S S S S S S S S S S S S S 0 

14.  amc-29 S S S S S S S S S S S S S S 0 

15.  amc-30 R R S R S S R S S S S R R S 6 

16.  amc-31 S R R S S S S R S S S R S S 4 

17.  amc-37 S S S S S S S S S S S R S S 1 

18.  amc-39 S S S R S S S S S S S S R S 2 

19.  amc-41 S S S R S S S R R S S S S S 3 

20.  amc-44 S S S S S S S S S S S R S S 1 

21.  amc-47 S S S S S S S S S S S S S S 0 

22.  amc-50 S S S R S S S S S S S R R S 3 

23.  amc-53 S S S S S S S S S S S S S S 0 

24.  amc-54 S S S S S S S S S S S S S S 0 
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25.  amc-59 S S S R S S R S S S S R R S 4 

26.  amc-61 S S R S S S S S S S S R S S 2 

27.  amc-64 S S S R S S S S S S S S R S 2 

28.  amc-65 S S S R S S R S S S S R S S 3 

29.  amc-68 S S S R S S R S S S S S S S 2 

30.  amc-70 S S S R S S S S S S S R R S 3 

31.  amc-72 S S S S S S S S S S S S S S 0 

32.  amc-73 S S S S S S S S S S S S S S 0 

33.  amc-74 S S S R S S R S R S S R R S 5 

34.  amc-76 S S S S S S S S S S S S S S 0 

35.  amc-77 S S S S S S S S S S S S S S 0 

36.  amc-78 S S S R S S S S S S S R R S 3 

37.  amc-80 S R R R S S S S S S S S R S 4 

38.  amc-82 S S S S S S S S S S S S S S 0 

39.  amc-83 S S S R S S R S S S S R R S 4 

40.  amc-85 S S S S S S S S S S S S S S 0 

41.  amc-87 S S S S S S S S S S S S S S 0 

42.  amc-88 S S S S S R S R S S R R R S 5 

43.  amc-90 S S S R S S S S S S S S R S 2 

44.  amc-92 S S S S S S S S S S S S S S 0 

45.  amc-95 S S S S S S S S S S S S R S 1 

46.  amc-96 S S R R S S R S S S S S R S 4 

47.  amc-98 S S R R S S R S S S S R R S 5 

48.  amc-101 S S S S S S S S S S S R R S 2 

49.  amc-103 S S S S S S S S S S S S S S 0 

50.  amc-104 S S S S S S S S S S S S S S 0 

51.  amc-106 S S S S S S S S S S S R R S 2 

52.  amc-108 S S S R S S S S S S S R R S 3 

53.  amc-110 S S S S S S S S S S S S S S 0 

54.  amc-111 S S S R S S S S S S S R R S 3 

55.  amc-112 S S S R S R S S S S S S S S 2 
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56.  amc-114 S S R R S S S R S S S R S S 4 

57.  amc-116 S S S S S S S S S S S S R S 1 

58.  amc-118 S S S S S S S S S S S R S S 1 

59.  amc-119 S S S S S S S S S S S R R S 2 

60.  amc-120 S S R R S R S S S S S S R S 4 

61.  amc-122 S S S S S S S S S S S S R S 1 

62.  amc-123 S S S S S S S S S S S R R S 2 

63.  amc-125 S S S R S S S S S S S S S S 1 

64.  amc-128 S S S R S S S S S S S R R S 3 

65.  amc-129 S S S S S S S S S S S R R S 2 

66.  amc-131 S S S S S S S S S S S S S S 0 

67.  amc-133 S S R R S S S S S S S R R S 4 

68.  amc-135 S S S S S R S S S S S S S S 1 

69.  amc-137 S S S S S S S S S S S R R S 2 

70.  amc-139 S S S R S R S S S S S R S S 3 

71.  amc-140 S S S S S S R S S S S R R S 3 

72.  amc-142 S S S S S S S S S S S S S S 0 

73.  amc-143 S S S R S S S S S S S R R S 3 

74.  amc-145 S S S S S S S S S S S S S S 0 

75.  amc-147 S S S S S S S S S S S S R S 1 

76.  amc-148 S S R R S R S S S S S R R S 5 

77.  amc-149 S S S S S S S S S S S S S S 0 

78.  amc-150 S S S S S S S S S S S S S S 0 

  

 

 

Farm-1 

 

 

 

Antibiotic profile 

 

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra  Trim/Sul Van  

79.  am-1 R S R S S R S            R S S S R R S 6 

80.  am-3 S R S S S S S S S S S S S S 1 

81.  am-6 S R S R S S S S S S S S R S 3 

82.  am-8 S R S S S S S S S S S R R S 3 
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83.  am-11 S R R S S S S R S S S S R S 4 

84.  am-13 S S S S S S S S S S S R R S 2 

85.  am-17 S S S S S S R S S S S S S S 1 

86.  am-18 S S S S S S S S S S S R R S 2 

87.  am-27 S S S S S S S S S S S R S S 1 

88.  am-31 S S S S S S S S S S S S R S 1 

89.  am-46 S S S S S S S S S S S S S S 0 

90.  am-49 S S S R S S R S S S S R R S 4 

91.  am-53 S S S S S S S S S S S S S S 0 

92.  am-58 S S S S S S S S S S S S R S 1 

93.  am-67 S S S S S S S S S S S S S S 0 

94.  am-94 S S S S S S S S S S S S R S 1 

95.  am-114 S S R S S S S S S S S S S S 1 

96.  am-117 S S S R S S S S S S S S R S 2 

97.  am-118 S S S S S S S S S S S S S S 0 

98.  am-129 S S S S S S S S S S S S S S 0 

99.  am-132 S S S S S S S S S S S S R S 1 

100.  am-138 S S S S S S S S S S S S S S 0 

101.  am-140 S S R R S R S S S S S R R S 5 

102.  am-145 S S S S S S R S S S S S R S 2 

103.  am-157 S S S S S S S S S S S R R S 2 

104.  am-164 S S S S S S S S S S S S S S 0 

105.  am-169 S S S S S S S S S S S S S S 0 

106.  am-173 S S S S S S S S S S S S R S 1 

107.  am-174 S S S S S S S S S S S R R S 2 

108.  am-180 S S S S S S S S S S S S S S 0 

109.  am-191 S S S S S S S S S S S R S S 1 

110.  am-192 S S S R S S R S S S S R R S 4 

111.  am-196 S S S S S S S S S S S S S S 0 

 Farm 2 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  
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112.  ar-7 S S R S S S S R S S S R S S 3 

113.  ar-10 S S S S S R R S S S S R R S 4 

114.  ar-13 S S S S S S S S S S S S S S 0 

115.  ar-15 S S S R S S R S S S S S R S 3 

116.  ar-21 R R R S S S S R S S S R S S 5 

117.  ar-37 S S S S S S S S S S S S R S 1 

118.  ar.42 S S S S S S S S S S S R S S 1 

119.  ar-49 S S S S S S S S S S S R R S 2 

120.  ar-54 S S S S S S S S S S S S S S 0 

121.  ar-60 S S S S S S S S S S S R R S 2 

122.  ar-83 S S S S S S S S S S S S S S 0 

123.  ar-84 S S S S S S S S S S S R R S 2 

124.  ar-89 S S S S S S S S S S S S S S 0 

125.  ar-103 S S S R S S S S S S S R R S 3 

126.  ar-107 S S S S S S S S S S S S S S 0 

127.  ar-116 S S S S S S S S S S S R R S 2 

128.  ar-132 S S S S S S S S S S S S R S 1 

129.  ar-142 S S S S S S S S S S S S S S 0 

130.  ar-149 S S S R S S R S S S S R R S 4 

131.  ar-154 S S S S S R S S S S S S R S 2 

132.  ar-155 S S S S S S S S S S S R R S 2 

133.  ar-163 S S S S S S S S S S S S S S 0 

134.  ar-168 S S S S S S R S S S S R S S 2 

135.  ar-171 S S S S S S R S S S S R R S 3 

136.  ar-175 S S S S S S S S S S S S S S 0 

137.  ar-178 S S S S S S S S S S S S S S 0 

138.  ar-182 S S S S S S S S S S S R S S 1 

139.  ar-186 S S S S S S R S S S S S R S 2 

140.  ar-188 S S S S S S S S S S S R R S 2 

141.  ar-193 S S S S S S R S S S S S S S 1 

142.  ar-198 S S S S S S S S S S S S S S 0 
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 Farm-3 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sulf Van  

143.  b-3 S S S S S S S S S S S S S S 0 

144.  b-8 S S R S S S R R S S S R R S 5 

145.  b-10 S S S S S R R S S S S R R S 4 

146.  b-11 S S S S S S S S S S S R S S 1 

147.  b-16 S S S S S S S S S S S  R R S 2 

148.  b-17 S S S S S S S S S S S S S S 0 

149.  b-19 S S S R S S R S S S S R R S 4 

150.  b-20 S S S S S S S S S S S S R S 1 

151.  b-22 S S S S S S R S S S S R S S 2 

152.  b-27 S S S S S S R S S S S S S S 1 

153.  b-29 S S S S S S S S S S S S R S 1 

154.  b-37 S S S S S R R S S S S R R S 4 

155.  b-40 S S S S S S S S S S S S S S 0 

156.  b-45 S S S S S S S S S S S S S S 0 

157.  b-48 S S S R S S S S S S S R R S 3 

158.  b-53 S S S S S S S R S S S S R S 2 

159.  b-61 S S S S S S S S S S S R R S 2 

160.  b-72 S S S S S S S S S S S R R S 2 

161.  b-80 S R R S S S S S S S S S R S 3 

162.  b-93 S S S S S S S R S S S R R S 3 

163.  b-97 S S S S S S S S S S S R S S 1 

164.  b-103 S S S S S S S S S S S S S S 0 

165.  b-111 S S S S S S R S S S S S S S 1 

166.  b-117 S S S S S S S S S S S R S S 1 

167.  b-121 S S S S S S S S S S S R R S 2 

168.  b-136 S S S S S S S S S S S S S S 0 

169.  b-139 S S S R S S R S S S S S S S 2 

170.  b-140 S S S S S S S S S S S R S S 1 

171.  b-167 S S S S S S S S S S S S S S 0 
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172.  b-175 S S S S S S R R S S S R R S 4 

 Farm 4 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

173.  bp-1 S S S S S S S S S S S R S S 1 

174.  bp-4 S S S S S S S S S S S R S S 1 

175.  bp-11 S S S S S S R S S S S R R S 3 

176.  bp-13 S S S S S S S S S S S S S S 0 

177.  bp-16 S S S S S S S S S S S S S S 0 

178.  bp-19 S S S S S S S S S S S S S S 0 

179.  bp-24 S S S R S S S R S S S R R S 4 

180.  bp-32 S S S S S R S S S S S S S S 1 

181.  bp-39 S S S S S S S S S S S R S S 1 

182.  bp-47 S S S S S S S S S S S S S S 0 

183.  bp-49 S S S S S S R S S S S R R S 3 

184.  bp-63 S S S S S S S S S S S S S S 0 

185.  bp-66 S S S S S S S S S S S S S S 0 

186.  bp-71 S S S S S S R S S S S S S S 1 

187.  bp-80 S S S S S S S S S S S S S S 0 

188.  bp-88 S S S S S S S S S S S S S S 0 

189.  bp-92 S S S S S S S S S S S S S S 0 

190.  bp-103 S S S R S R R S S S S S R S 4 

191.  bp-107 S S S S S S S S S S S R R S 2 

192.  bp-110 S S S S S S R S S S S R S S 2 

193.  bp-137 S S S S S S S S S S S S S S 0 

194.  bp-146 S S S S S S R S S S S R R S 3 

195.  bp-157 S S S S S S S S S S S S S S 0 

 Farm 5 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

196.  l-8 S S S S S S S S S S S S S S 0 

197.  l-10 S R R S S S R R S S S S R S 5 

198.  l-12 S S S S S R S S S S S S S S 0 
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199.  l-17 S S S S S S S S S S S S R S 1 

200.  l-20 S S S S S S S S S S S S S S 0 

201.  l-27 S R S S S R S R S S S R R S 5 

202.  l-39 S S S S S S S S S S S S S S 0 

203.  l-40 S S S R S S R S S S S S R S 3 

204.  l-42 S S S S S S S S S S S S S S 0 

205.  l-60 S S S S S S S S S S S R R S 2 

206.  l-71 S S S S S S R S S S S S S S 1 

207.  l-79 S S S S S S S S S S S S R S 1 

208.  l-82 S S S S S S R S S S S R S S 2 

209.  l-95 S S S S S S S S S S S S R S 1 

210.  l-119 S S S S S S S S S S S S S S 0 

211.  l-132 S S S R S S S S S S S R R S 3 

212.  l-137 S S S S S S R S S S S S S S 1 

213.  l-144 S S S S S S S S S S S S S S 0 

214.  l-151 S S S S S S S S S S S R R S 2 

215.  l-177 S S S S S S S S S S S S S S 0 

216.  l-178 S S S S S S S S S S S R R S 2 

217.  l-180 S S S S S S S S S S S R S S 1 

218.  l-183 S S S S S S S S S S S R S S 1 

219.  l-187 S S S S S S S S S S S S R S 1 

220.  l-191 S S S S S S S S S S S S S S 0 

 Farm 6 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

221.  ocl-5 S R S R S S S S S S S R R S 4 

222.  ocl-8 S S S S S S S S S S S S S S 0 

223.  ocl-15 S S S S S S S S S S S S S S 0 

224.  ocl-17 S R S R S S S S S S S R R S 4 

225.  ocl-22 S R S S S S S S S S S R R S 3 

226.  ocl-24 S R S S S R S R R S S S S S 4 

227.  ocl-33 S S S S S S S S S S S R S S 0 
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228.  ocl-42 S S S S S S S S S S S R S S 1 

229.  ocl-48 S S S R S S R S S S S S R S 3 

230.  ocl-53 S S S S S S S S S S S S S S 0 

231.  ocl-59 S S S S S S S S S S S S R S 1 

232.  ocl-66 S S S S S S S S S S S R R S 2 

233.  ocl-83 S S S R S S S S S S S R S S 2 

234.  ocl-86 S S S S S S S S S S S S S S 0 

235.  ocl-89 S S S S S R S S S S S R R S 3 

236.  ocl-97 S S S S S S R S S S S R S S 2 

237.  ocl-109 S S S S S S S S S S S R S S 1 

238.  0cl-127 S S S R S S S S S S S S R S 2 

239.  ocl-130 S S S S S S S S S S S S S S 0 

240.  ocl-134 S S S S S R R S S S S R S S 3 

241.  ocl-147 S S S S S S S S S S S R R S 2 

242.  ocl-169 S S S S S S S S S S S R R S 2 

243.  ocl-182 S S S S S S S S S S S S S S 0 

 Farm 7 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

244.  acl-1 S S S S S S S S S S S S S S 0 

245.  acl-8 S R S S S R S S S S S S R S 3 

246.  acl-10 S S S S S S R S S S S R S S 2 

247.  acl-17 S S S S S S R R S S S R S S 3 

248.  acl-22 S S S S S S S S S S S R S S 0 

249.  acl-27 S S S S S S S S S S S S S S 0 

250.  acl-31 S S S S S S S S S S S S S S 0 

251.  acl-38 S R S S S S S R S S S S R S 3 

252.  acl-43 S S S S S S S S S S S R R S 2 

253.  acl-49 S S S S S S S S S S S R S S 1 

254.  acl-54 S S S S S S S S S S S S S S 0 

255.  acl-58 S S S S S S S S S S S S S S 0 

256.  acl-63 S S S S S S S S S S S S S S 0 
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257.  acl-70 S S S R S S S S S S S S R S 2 

258.  acl-77 S S S S S S S S S S S R R S 2 

259.  acl-81 S S S S S S S S S S S S S S 0 

260.  acl-85 S S S S S S R S S S S R R S 3 

261.  acl-94 S S S S S S S S S S S S S S 0 

262.  acl-99 S S S S S S S S S S S S R S 1 

263.  acl-107 S S S R S R S S S S S S S S 2 

264.  acl-113 S S S S S S S S S S S R S S 1 

265.  acl-118 S S S S S S S S S S S R R S 2 

266.  acl-124 S S S S S S S S S S S S S S 0 

267.  acl-128 S S S S S S S S S S S S S S 0 

268.  acl-137 S S S S S S S S S S S R R S 2 

269.  acl-143 S S S S S S S S S S S S S S 0 

270.  acl-149 S S S R S S S S S S S R R S 3 

271.  acl-155 S S S S S S S S S S S S S S 0 

272.  acl-159 S S S S S S S S S S S S S S 0 

273.  acl-166 S S S R S S S S S S S R R S 3 

274.  acl-173 S S S S S S S S S S S S S S 0 

275.  acl-180 S S S R S R S S S S S S S S 2 

276.  acl-191 S S S S S S S S S S S S S S 0 

277.  acl-194 S S S S S S S S S S S R R S 2 

278.  acl-198 S S S S S S S S S S S R S S 1 

 Farm 8 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

279.  cl-4 S S S S S S S S S S S S S S 0 

280.  cl-10 S S S S S S S S S S S R R S 2 

281.  cl-12 S S S S S S S S S S S R S S 1 

282.  cl-17 S S S S S S S S S S S S S S 0 

283.  cl-18 S S S S S S S S S S S R R S 2 

284.  c-l22 S S S R S S R S S S S R S S 3 

285.  cl-24 S S S S S S S S S S S S S S 0 



 
 

 
 

193 

286.  cl-28 S S S S S S S S S S S R S S 1 

287.  cl-31 S S S S S S R S S S S S S S 1 

288.  cl-53 S S S S S S S S S S S R R S 2 

289.  cl-54 S S S S S S R S S S S S S S 1 

290.  cl-88 S S S S S S S S S S S S S S 0 

291.  cl-97 S S S R S S S S S S S R R S 3 

292.  cl-109 S S S S S S R S S S S S S S 1 

293.  cl-115 S S S S S S S S S S S R S S 1 

294.  cl-122 S S S S S R S S S S S S S S 1 

295.  cl-131 S S S S S S S S S S S R S S 1 

296.  cl-133 S S S S S S S S S S S R S S 1 

297.  cl-137 S S S S S S S S S S S R S S 1 

298.  cl-149 S S S S S S S S S S S S S S 0 

299.  cl-162 S S S S S S S S S S S R S S 1 

300.  cl-182 S S S S S S S S S S S R S S 1 

 Farm 9 Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

301.  sp-7 S S S S S S S S S S S S S S 0 

302.  sp-11 S S S S S S S S S S S S S S 0 

303.  sp-18 S S S R S S R S S S S S S S 2 

304.  sp-19 S S S S S S S S S S S S S S 0 

305.  sp-29 S S S S S S R S S S S R S S 2 

306.  sp-40 S S S S S R R S S S S R S S 3 

307.  sp-52 S S S S S S S S S S S S S S 0 

308.  sp-60 S S S S S S R S S S S R R S 3 

309.  sp-68 S S S S S S R S R S S R S S 3 

310.  sp-70 S S S S S S S S S S S S S S 0 

311.  sp-77 S S S S S S S S S S S R R S 2 

312.  sp-94 S S S S S S S S S S S S S S 0 

313.  sp-99 S S S S S S S S S S S S S S 0 

314.  sp-106 S S S S S S S S S S S R S S 1 
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315.  sp-111 S S S S S S S S S S S R R S 2 

316.  sp-118 S S S S S S S S S S S S S S 0 

317.  sp-119 S S S S S R S S S S S S S S 1 

318.  sp-138 S S S S S S S S S S S S R S 1 

319.  sp-151 S S S S S S R S S S S S S S 1 

320.  sp-153 S S S S S S S S S S S R R S 2 

321.  sp-154 S S S S S S S S S S S R S S 1 

322.  sp-167 S S S S S S S S S S S R R S 2 

323.  sp-173 S S S S S S S S S S S S S S 0 

324.  sp-180 S S S R S S R S S S S S S S 2 

325.  sp-186 S S S R S S S S S S S R R S 3 

 Workers Antibiotic profile  

 Isolates Aug Cef Cefx Chl Dalf Doxy Ery Genta Levo Line Rif Tetra Trim/Sul Van  

326.  am-26 R R S R S S S S S S S R S S 4 

327.  b-13 S S S S S S S S S S S R S S 1 

328.  cl-8 S S R S S S S S R S S S R S 3 

329.  sp-3 S S S S S S S S S S S S S S 0 

 

Keys: 

Aug: Augmentin; Cef: Cefoxitin; Cefx: Cefruxime, Chl: Chlorophenicol; Quin/Dal: Quinqupristin/Dalfopristin; Doxy: Doxycycline; Ery: 

Erythromycin; Genta. Gentamycin:  Lev: Levofloxazin; Line: Linezolid; Rif: Rifampin; Trim/Sul: Trimethoprim/Sulfamethaoxazole; Tetra: 

Tetracycline; Van: Vancomycin, AR: Antibiotics resistance, S: sensitive, R: Resistance  
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Appendix 9 

No of S. aureus resistant to each of the antibiotics tested.  

 

Antibiotics 

Number of isolates 

resistant % of isolates resistant 

   

Augumentin 11 3.3 

Chloramphenicol 63 19.1 

Cefoxitin 28 8.5 

Quinuspristin/Dalfopristin 0 0 

Doxycycline 26 7.9 

Erythromycin 60 18.2 

Gentamycin 19 5.8 

Levofloxacin 9 2.7 

Linezolid 0 0 

Rifampin 0 0 

Trimethoprim/Sulfamethoxazole 140 42.6 

Tetracycline 157 47.7 

Cefuroxime 22 6.7 

Vancomycin 0 0 
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Appendix 10 

 

Antbiotic resistance patterns of all the isolates 

 

Antibiotics Resistant Patterns Number of Resistance Percentage Prevalence (%) 

Zero 109 33.13 

Pattern 1   

Tetra 30 9.12 

Trim/Sulf 16 4.86 

Chl 1 0.30 

Doxy 4 1.21 

Ery 11 3.34 

Cefx 1 0.30 

Total 63  

   

Pattern 2   

Chl,Trim/Sulf 5 1.52 

Chl, Ery 4 1.21 

Tetra, Trim/Sulf 42 12.76 

Ery, Trim/Sulf 2 0.60 

Ery, Tetra 7 2.12 

Chl, Tetra 1 0.30 

Chl, Doxy 2 0.60 

Levo, Trim/Sulf 1 0.30 

Doxy, trim/Sulf 1 0.30 

Total  65  

   



 
 

 
 

197 

 

Pattern 3   

Chl, Tetra, trim/Sulf 15 4.56 

Chl, Genta, Levo 1 0.30 

Chl, Ery, Tetra 2 0.60 

Chl, Ery, Trim/Sulf 4 1.21 

Chl, Doxy, Tetra 2 0.60 

Ery, Tetra, Trim/Sulf 7 2.12 

Cef, Chl, Trim/Sulf 1 0.30 

Cef, Tetra, Trim/Sulf 1 0.30 

Doxy, Tetra, Trim/Sulf 1 0.30 

Cefx, Genta, Tetra 1 0.30 

Cef, Cefx,Trim/Sulf 1 0.30 

Genta, Tetra, Trim/Sulf 1 0.30 

Doxy, Ery, Tetra 2 0.60 

Cef, Doxy, Trim/Sulf 1 0.30 

Ery, Genta, Tetra 1 0.30 

Cef, Genta, Trim/Sulf 1 0.30 

Cefx, Tetra, Trim/Sulf 3 0.91 

Ery, Levo, Tetra 1 0.30 

Total  46  

   

Pattern 4   

Aug, Cef, Levo, Tetra 1 0.30 

Aug, Cef, Cefx, Tetra 1 0.30 

Aug, Cef, ,Chl, Trim/Sulf 1 0.30 

Chl, Levo, Tetra, Trim/Sulf 1 0.30 

Cef, Cefx, Genta, Tetra 1 0.30 
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Chl, Ery, Tetra, Trim/Sulf 7 2.12 

Doxy, Genta, Tetra, Trim/Sulf 2 0.60 

Cefx, Chl, Genta, Tetra 1 0.30 

Cefx, Chl, Doxy, Trim/Sulf 1 0.30 

Cefx, Chl, Tetra, Trim/Sulf 1 0.30 

Doxy, Ery, Tetra, Trim/Sulf 3 0.91 

Cef, Chl, Tetra, Trim/Sulf 3 0.91 

Cef, Cefx, Genta, Trim/Sulf 1 0.30 

Ery, Genta, Tetra, Trim/Sulf 1 0.30 

Cef, Cefx, Tetra, Trim/Sulf 1 0.30 

Chl, Genta, Tetra, Trim/Sulf 1 0.30 

Chl, Doxy, Ery, Trim/Sulf 1 0.30 

Cef, Doxy, Genta, Levo 1 0.30 

Total 29  

   

Pattern  5   

Aug, Cef, Ery, Tetra, Trim/Sulf 1 0.30 

Aug, Cef, Cefx, Tetra, Trim/Sulf 1 0.30 

Aug, Cef, Chl, Ery, Tetra 1 0.30 

Chl, Ery, Levo, Tetra, Trim/Sulf 1 0.30 

Cef, Cefx, Chl, Tetra, Trim/Sulf 1 0.30 

Cefx, Chl, Doxy, Tetra, Trim/Sulf 2 0.60 

Cef, Cefx, Doxy, Tetra, Trim/Sulf 1 0.30 

Aug, Cef, Cefx, Genta, Tetra 1 0.30 

Cefx, Ery, Genta, Tetra, Trim/Sulf 1 0.30 

Cef, Cefx, Ery, Genta, Trim/Sulf 1 0.30 

Cef, Doxy, Genta, Tetra, Trim/Sulf  1 0.30 

Aug, Cef, Chl, Genta, Tetra 1 0.30 
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Total 13  

   

Pattern 6  0.30 

Aug, Cef, Ery, Levo, Tetra, Trim/Sulf  1 0.30 

Cef, Cefx, Chl, Genta, Tetra, 

Trim/Sulf 

1 0.30 

Aug, Cef, Cefx, Doxy, Levo, Tetra 1 0.30 

Aug, Cef, Chl, Ery, Tetra, Trim/Sulf 1 0.30 

Total 4  
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Appendix 11 

Reagents used in the molecular analysis 

16S rRNA, nuc and mecA gene 

multiplex reagents 
S. aureus spa typing 

PVL (lukF-lukS) PCR of S. 

aureus 

Reagent Quantity Reagent Quantity Reagent Quantity 

Nuclease free water 17.8ul Nuclease free water 39.7ul Nuclease free water 39.7ul 

HotStart 10x buffer 2.5ul 10X Buffer 5ul 10X Taq Buffer 5ul 

10mM dNTPs 0.5ul 10uM dNTPs 1ul 10mM dNTPs 1ul 

10uM Nuc F" 0.5ul 10uM spa F" 1ul 10uM F primer 1ul 

10uM NucR" 0.5ul 10uM spa R" 1ul 10uM R primer 1ul 

10uM mecA F" 0.5ul Taq polymerase 0.3ul 

Taq DNA 

polymerase 0.3ul 

10uM mecA R" 0.5ul DNA template 2ul Sample DNA 2ul 

10uM 16S F" 0.5ul     

10Um 16S" 0.5ul     

HotStartTaq 0.2ul     

DNA template 1ul     
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Appendix 12 

spa types of 46 isolates  

Hospital Farm 4 

Isolate spa type (t) 
Isolate spa type (t) 

bp-13 t084 
amc-2 t002 

amc-9 t084 Farm 5 

amc-10 t084 
Isolate spa type (t) 

  

amc-11 t2304 l-5 t2304 

amc-13 t002 l-10 t002 

amc-22 t2304 l-40 t2304 

amc-23 t11469 Farm 6 

amc-24 t2304 Isolate spa type (t) 

amc-30 t11469 ocl-10 t084 

Farm 1 ocl-15 t002 

Isolate spa type (t) ocl-17 t084 

am-1 t2304 ocl-22 t002 

am-3 t002 Farm 7 

am-8 t002 Isolate spa type (t) 

Farm 2 acl-8 t002 

Isolate spa type (t) 
acl-10 t002 

  

ar-13 t002 acl-17 t084 

Farm 3 acl-38 t002 

Isolate spa type (t) farm 8 

b-8 t002 Isolate spa type (t) 

b-10 t002 cl-10 t002 

b-11 t11469 cl-24 t084 

b-17 t084 cl-53 t002 

b-19 t002 poultry farm workers 

b-20 t084 Isolate spa type (t) 

b-21 t11469 am-26 t002 

b-27 t11469 b-13 t11469 

b-45 t002 cl-8 t002 

b-61 t002 sp-3 t002 

b-71 t002   

b-80 t084   

b-93 t11469   

b-97 t084   
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             Appendix 13a          

 

               Calculation of the amplicon size of S. aureus 16SrRNA, nuc and mecA gene   

                (Figure 4.12). 

                The sizes of the bands are 821.94, 518.7 and 216.9 respectively using the graphical  

                 equation y = - 1010.8 + 2034.9  
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                    Appendix 13b 

 

 

                      

                      Calculation of the spa ampliconsize of 17 MRSA isolates (Figure 4.13) 

The band size of the control isolate MRSA USA300 (lane 20) is 476.986 while 

the test isolates (lane2-18) have band size of 412.368bp 
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                Appendix 13c 

 

                 

               Calculation of the spaamplicon sizes of 26 S. aureus isolates from poultry  

                (Figure  4.14). 

Isolates b8 and USA300 in lanes 2 and 29 have band size of 505.5bp, isolates in lanes 

11 to 25 have band size of 535.15bp, isolates in lanes 4, 26 and 27 have band size of                   

416.55bp, the isolate in lane 10 has a band size of 297.95bp. 
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                  Appendix 13d 

 

 

                     

Calculation of the amplicon size of lukS-lukF gene in PVL positive isolates of S. 

aureus (Figure 4.15). 

            Test isolates in lanes 3, 10, 19, 21- 25 and the control isolate MRSA USA300 in lane  

         29 have band size of 424.25bp. 
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                    Appendix 13e 

 

                      

                    Calculation of the amplicon size of the tetM gene of a tetracycline resistant  

                     isolate (Figure 4.16) 

Control isolate in lane 29 has a band size of 733.874bp and test isolate in lane 17 

has bandsize of 733.874bp using the graphical equation y = -1277.1x + 2087.6. 
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                  Appendix 13f 

 

                    

                    Calculation of the amplicon size of SCCmec of 11 mecA positive isolates    

                    (Figure 4.17) 

                 Lanes 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 and 14 have SCCmec bands of 417.965bp,    

mecA band of 188.99bp and SAband of97.4bp, while lane 13 has an 

SCCmecband of 738.53 using the graphical equation y = - 763.25x + 1623.9.  
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              Appendix 13g 

 

                   

Calculation of amplicon size of the SCCmec of 5 mecA positive isolates (Figure 4.18). 

Lanes 2, 3, 4, 5 and 7 have SCCmec band of 364.646 bp and mecA band of 166.45bp 

using the equation y = - 990.98 + 2643.9 
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            Appendix 13h 

 

              

          Calculation of the amplicon size of SCCmec of AMC 9, a mecA positive isolate    

          (Figure 4.19) 

            Lane 4 has a base pair of 380.11 and lane 2 has a base pair of 359.557 using the graph   

            equation y = -513.77x + 1469.3  
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Appendix 14 

 

Picture of S. aureus on blood agar plate, equipment used and farms screened 

 

 S. aureus on blood agar plate                          Thermocycler used for molecular analysis 

 

 

 

 

 

 

 

 

 

 

Thermocycler for molecular analysis                 loading of samples into a gel for 

electrophoresis 
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One of the poultry farms 

sampled 

 

Structure of one of the poultry 

farms 

 

BIO-RAD transilluminating Gel 

doc used for viewing bands of 

the amplified PCR products 

 

One of the poultry farms 

sampled 

 


