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ABSTRACT 

Raw milk provides a good environment for the growth of a wide variety of microorganisms 

including Staphylococcus aureus (S. aureus) and can be a vehicle to transmit such pathogens 

to humans. The study aimed to investigate milk hygiene practices and characterize S. 

aureus/MRSA associated with the Zambian dairy chain in the selected Provinces and reduce 

the risk to consumers. A total of 1939 samples (of different matrices) were collected from 288 

facilities (farms, milk collection centres (MCCs), traders, processing plants, traditional 

markets, and supermarkets/shops). Microbiological methods were used to analyse the samples 

with regard to S. aureus, including methicillin-resistant S. aureus (MRSA). A total of 348 

presumptive S. aureus isolates (including one presumptive MRSA) were isolated. Molecular 

characterisation was used to type and characterise isolates of which 295 were confirmed by 

MALDI-TOF MS and PCR. No MRSA was detected. Raw milk from farms was widely 

contaminated with S. aureus in all the three provinces (Western: 46 percent, Lusaka: 43 percent 

and Southern: 33 percent) including that from MCCs and traders in Western and Southern 

provinces. Raw milk and/or sour milk samples from traditional markets and raw milk samples 

from milk processing plants were contaminated with S. aureus in all three provinces. S. aureus 

was less frequently detected from hands and nasal swabs from milkers, milk buckets and 

mastitis cows. No S. aureus was detected from water and commercially processed (heat-

treated) dairy products from supermarkets/shops. A total of 36 known spa types were detected 

including seven novel types: t18396, t18397, t18398, t18399, t18400, t18402 and t18416. Spa 

type t355, t267 and t084 were common in all the three provinces. Many isolates from Lusaka 

province belonged to t189 and t267, while in Southern province t521 was dominant. Diversity 

and differences in the distribution and pattern of virulence, enterotoxin and antibiotic resistance 

genes were detected. A total of 29 S. aureus strains (10 percent) carried genes that codes for 

the virulence factor Panton-Valentine leucocidin (PVL). In addition, many of the 77 isolates 

selected for detailed characterisation by microarray or whole genome sequencing carried the 

virulence genes hlgA, hlgB, hlgC, lukD, lukE, lukY, lukX, and/or hlb; some isolates carried at 

least SplA, SplB, sak, chp and/or scn while other strains harboured eta and tst1. Genes for 

staphylococcal enterotoxins (SEs) were found in only 16 out of 77 isolates. Of the classical SE 

genes, sea was found in two isolates, seb and sec in three each, and sed in one. The predominant 

antimicrobial resistance in isolates included penicillin (41.7 percent), tetracycline (33.3 

percent) and trimethoprim (27.8 percent) and 19.4 percent were multi drug resistant (MDR). 

Enterotoxigenic, virulent and antibiotic resistant S. aureus strains are circulating in the 

Zambian dairy value chain and represent a public health threat. The possible transmission of S. 

aureus to humans through cow milk is indicated. Therefore, there is a need for improved milk 

handling and hygienic practices at different stages/levels along the entire Zambian dairy value 

chain. 
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1 Overview of Livestock sector in Zambia 

Zambia is a landlocked country located in the Sub-Saharan Africa in the south of the 

equator. It is bordered by eight countries that include Angola, Botswana, the 

Democratic Republic of Congo, Malawi, Mozambique, Namibia, Tanzania and 

Zimbabwe. The population of Zambia is approximately 18, 383, 955 people, and the 

source of livelihood for the rural communities is mainly agriculture (FASAZ report, 

2010). As a result, the Government of the republic of Zambia has recognised 

agriculture as the main sector that can significantly help in reducing poverty and 

promote economic diversification (World Bank, 2011; Mumba et al., 2013). 

Agriculture in Zambia is divided into livestock (including beef and dairy), poultry, 

crop and fish farming. Dairy farming remains one of additional farming activities to 

crop farming which heavily depends on expensive inputs such as fertilizers, 

implements and other chemicals especially as Zambian farmers think about 

diversification of their farming activities. Milk has always been considered as a major 

component of human diet all over the world. It is an important source of nutrients 

providing energy, proteins, phosphorus, calcium and other micro nutrients which are 

vital for growth especially in infants and children (Dror and Allen, 2014; Iannotti, 

2018). 

 

1.2 Structure of the dairy sector in Zambia 

The dairy sector in Zambia has been identified as a very important sector in driving 

rural and peri-urban development. It has the potential to expand significantly and 

contribute to creation of jobs for many Zambians (World Bank, 2011; Mumba, 2012). 

Small scale dairy farming is a very important component of agriculture for most of the 

people especially in rural areas as it is a source of food and income. This generally 

results in people accessing the much needed nutrition and incomes from milk and milk 

products hence leading to poverty alleviation and food-secure households. The major 

milk producing provinces in Zambia include Central, Western, Lusaka and Southern 

provinces (Mumba et al., 2013) with the last two provinces being some of the highest 
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producers because of the large cattle population present. In recent years, Zambia has 

seen an increase in numbers of people starting dairy enterprises especially retirees who 

use part of their pension money to invest in dairy farming. In addition, the working 

class as well are engaged in dairy farming activities. There are about 149,389 

households keeping all types of cattle in the study provinces with Lusaka (13,230 

households), Western (31,646 households), and Southern (104,513 households) (CSO, 

2017). Dairy cattle farmers in Zambia are divided into three categories namely 

traditional, smallholder and commercial farmers (Figure 1). Traditional dairy farmer 

means a farmer keeping dairy animals at subsistence level and usually on free range 

while smallholder dairy farmer means a farmer keeping dairy animals on semi-

intensive management system and, commercial dairy farmer is a farmer practicing 

mainly intensive management system and using conversional animal feeds. Traditional 

farmers are found in rural areas and mainly keep traditional local (indigenous) breeds 

of cattle and milk production among them is usually very low as these breeds are not 

high yielding. The common traditional local breeds used in Zambia are the Barotse, 

Tonga and Angoni breeds found mainly in Western, Southern and Eastern provinces 

respectively. These local breeds on average produce about one to three litres of milk 

per day (ACF, 2012). Smallholder and commercial farmers keep a mixture of cross 

and pure breeds of dairy cattle such as Friesian and Jersey (ACF, 2012).  

 

Traditional and smallholder dairy cattle farmers mainly supply their milk to milk 

collection centres (MCCs)/cooperatives (Figure 1) and most of them belong to these 

structures as members. MCCs are mainly cooperatives or centres which buy milk 

supplied by members (dairy farmers) where milk is bulked for purposes of selling on 

behalf of the farmers. MCCs in Zambia have been established with basic cooling 

facilities where milk is normally cooled in cooling tanks (World Bank report, 2013). 

Cooling slows down bacterial growth in milk, reducing spoilage and therefore 

increasing dairy farmer income, and also ensuring that milk is safe for consumers. 

However, electricity failures remain a potential challenge regarding milk storage 

(Mweemba et al., 2016). On the other hand, commercial dairy farmers mainly sell their 

milk directly to big milk processors. The existence of MCCs/cooperatives located 

mainly in milk producing areas has provided the much needed ready market for milk 

to dairy cattle farmers and traders. Milk from these MCCs/cooperatives is bought 
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mainly by big milk processing companies. Some of the milk is also sold directly to the 

general public (Figure 1). However, out of approximately 253 million litres of milk 

produced per annum in Zambia, only about 44 million litres is estimated to pass 

through formal markets (ACF, 2012; Mumba, 2012) while the rest find its way into 

the informal sector or it is consumed by milk producing households directly or 

indirectly as processed products. In Zambia, traditional fermented product known as 

mabisi (traditionally processed sour milk) is popular mostly among the people of 

Western, Southern and Central provinces (Moonga et al., 2019). It is made from raw 

milk fermented at room temperature for approximately 48 hours in a calabash (Figure 

2) and make use of bacteria present in the milk. Some of the fermented milk is also 

sold through the informal market by traders or farmers directly. 

 

 

Figure 1: The Zambian dairy value chain structure 

Traditional dairy 

farmer 

Commercial dairy 

farmer 
Smallholder dairy 

farmer 

Milk collection 

centre 

Milk 

processing 
Milk processing plant 

Milk trader/ 

vendor/seller 

Milk consumer 

Supermarket/shop 



4 

 

 

Figure 2: A man carrying a calabashi used for processing mabisis in his hands (Moonga 

et al., 2019) 

1.3 Zambia dairy value chain as a potential source of pathogens including S. 

aureus 

Milk from cow or any animal, due to its high nutritional content, can support a variety 

of microorganisms naturally present in milk. These microorganisms may enter milk 

from a variety of sources and, once in milk, can play a number of roles, such as 

facilitating dairy fermentations (e.g. Lactococcus, Lactobacillus, Streptococcus, 

Propionibacterium and fungal populations), causing spoilage (e.g. Pseudomonas, 

Clostridium, Bacillus and other spore-forming or thermoduric microorganisms), 

promoting health (e.g. lactobacilli and bifidobacteria) (Lisa et al., 2013). The 

predominant bacteria in cow’s raw milk may include Lactobacillus lactis and 

Streptococcus thermophilus (Masoud et al., 2012).  

 

Despite all nutritional benefits provided by milk, it can also be a source of disease 

caused by pathogens present in milk (Currier and Widness, 2018). Milk provides a 

good environment for the growth of microorganisms and can harbour a variety of 

microorganisms hence becoming an important source of foodborne pathogens (Oliver 

et al., 2005). Contaminated milk can be a perfect vehicle for transmission of bacterial 
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pathogens to humans (Dhanashekar et al., 2012). If pathogenic microorganisms are 

involved, they can cause harm to consumers by causing illness and disease (Barros et 

al., 2011). The major challenges of dairy farming in Zambia are livestock diseases 

such as mastitis, brucellosis and tuberculosis among common diseases (World Bank, 

2011).  Poor milk handling hygiene at every stage of the Zambian dairy value chain 

could be one of the sources of contamination of milk with pathogens such as S. aureus 

(Phiri et al., 2021). In addition, poor hygiene regarding udder, teat, milkers hands and 

milk buckets could lead to contamination of milk and may play a role in the 

maintenance of S. aureus in the environment (Sanaa et al., 1993; Ndungu et al., 2006; 

Amentie et al., 2016; Abunna et al., 2019). S. aureus can cause foodborne infection 

due to the ability of enterotoxigenic strains to produce heat stable staphylococcal 

enterotoxins (SEs) in food (Tranter, 1990; Argudin et al., 2010).  

 

The practice of mixing morning and afternoon batches of milk, lack of refrigeration, 

unhygienic milk handling, poor hand hygiene, use of unclean milking clothes, long 

distances to the markets or MCCs, unclean containers used in the transportation, 

storage and preservation including cows with clinical and subclinical mastitis could be 

responsible for contributing to the possible contamination and/or proliferation of 

pathogens in milk. People colonized with S. aureus asymptomatically, especially those 

who handle food can also introduce the bacteria into the food chain (Argudin et al., 

2010). Therefore, good milk handling hygienic practices must be practiced to ensure 

good milk quality and its safety to consumers. 

 

1.4 The potential risk of S. aureus in the Zambian dairy value chain 

The consumption of raw milk in Sub-Saharan African countries is still popular among 

many people (Jans et al., 2017) and Zambia is not an exception (Phiri et al, 2021). In 

Zambia, the practice is mainly common among the Tonga and Lozi people of Southern 

and Western provinces respectively. In these provinces, people also consume 

traditionally processed sour milk (mabisi) which is produced from raw milk. The 

consumption of raw milk may put the milk consumer at risk of getting infected with 

foodborne pathogens such as S. aureus. Typically, a staphylococcal food poisoning 

(SFP) occurs after ingestion of foods that are contaminated with S. aureus (through 

improper handling of food) and storage at elevated temperatures leading to SEs 
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formation. SFP caused by staphylococcal enterotoxins is among the leading causes of 

food-borne outbreaks in the European Union (EFSA, 2015). However, there is limited 

data on foodborne diseases caused by S. aureus in Africa probably due to inadequate 

expertise, poor diagnosis, poor reporting (WHO, 2015), and inadequate specialised 

laboratories. The dominant symptoms of SFP are vomiting, nausea, diarrhoea and 

circulatory symptoms. Extremely small amounts of toxin are sufficient to trigger these 

symptoms. The real incidence of SFP is probably underestimated for a number of 

reasons, which include unreported minor outbreaks, improper sample collection and 

misdiagnosis (Argudin et al., 2010). Foods that favour growth of bacteria, especially 

raw food of animal origin with high protein content such as raw milk and milk products 

have been frequently implicated in SFP outbreaks (Hennekinne et al., 2012).  

 

1.5 Public health implication of S. aureus 

Milk safety is very important to both dairy farmers and consumers. The occurrence of 

illnesses and deaths as a result of diseases caused by eating unsafe food worldwide is 

a growing threat to public health (Kuchenmuller et al., 2009). Furthermore, the 

emergence of antimicrobial resistant strains of S. aureus adds another dimension of 

burden to the effective disease management by aggravating disease outcomes because 

of treatment failures. Antimicrobial resistance (AMR) among common human 

zoonotic pathogens is emerging as a major threat to the effectiveness of the healthcare 

systems worldwide (WHO, 2001). When infected by pathogens resistant to common 

antibiotics and multiple groups of antibiotics, the patients eventually fail to recover 

from illnesses despite being treated with antibiotics (Smith and Coast, 2013). In 

addition, methicillin resistant S. aureus (MRSA) has become a public health threat 

causing treatment failures in a wide range of infections and it is one of the nosocomial 

pathogens worldwide (Tiemersma et al., 2004; Shittu et al., 2009). Methicillin 

resistance is conferred by the mecA gene, which encodes a penicillin-binding protein 

(PBP2A) with decreased affinity for β-lactam antibiotics. Some strains of MRSA 

contain virulent factors that may enhance their virulence or may enable them to cause 

particular diseases or clinical syndromes (Gordon and Lowy, 2008). Further, MRSA 

strains cause severe infections in hospital environment and in the communities (Kesah 

et al., 2003; Falagas et al., 2013; Maina et al., 2013). To combat AMR, a one-health 

approach involving medical and veterinary practitioners, microbiologists, pharmacists, 
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and social scientists is required. There is a wide overlap of antimicrobials used in 

human and veterinary medicine and as a result, bacteria in food producing animals 

may harbour resistance determinants for the same antimicrobials as in humans 

(Marshall and Levy, 2011). Transmission of AMR bacteria from animals to humans is 

a big challenge to human health (FAO, 2011). There are three main ways through 

which AMR can be transmitted from animals to humans: This include direct contact 

of livestock workers with colonized animals (Wulf et al., 2006; van Cleef et al., 2011), 

the consumption of food of animal origin contaminated with AMR bacteria (EFSA, 

2008), and the spread of AMR bacteria to the environment via exhaust air and slurry 

(Marshall et al., 1990).  

 

1.6 Statement of the problem 

Despite all the nutritive beneficial aspects provided by milk, it can also be a source of 

disease caused by pathogens (Currier and Widness, 2018). Milk provides a good 

environment for the growth of microorganisms and can harbour a variety of 

microorganisms hence becoming an important source of foodborne pathogens (Oliver 

et al., 2005). It is usually consumed raw by many people in most communities in 

Zambia, especially in Western and Southern provinces because of their tradition and 

culture. Although S. aureus is a commensal bacteria found usually on the skin of 

animals and humans, finding it in food such as milk represent a public health concern. 

Clinical and subclinical mastitis, poor hygienic practices, unclean milkers’ hands and, 

containers for milk storage and transportation over long distances are potential risk 

factors for S. aureus contaminations of milk in the Zambian dairy value chain (Phiri et 

al., 2021). S. aureus is an important foodborne pathogen because of the ability by some 

strains to produce heat stable enterotoxins (Argudin et al., 2010) and it has been 

responsible for outbreaks of food poisoning worldwide (Hennekinne et al., 2012).  

There is limited data on the virulence, enterotoxigenic and antimicrobial resistance 

potential of S. aureus in Zambia. Further, the emergence of MRSA in humans and 

animals is another health threat worldwide. In Zambia, there is growing demand for 

milk and this has resulted in an increase in livestock production in the recent years. 

These trends, in combination with high background levels of livestock diseases such 

as mastitis are driving the usage of antibiotics in developing countries in general to 

increase rapidly (Van Boeckel et al., 2015). The increasing use of antibiotics in 
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Zambian livestock production (Mainda et al., 2015) is a concern that has the potential 

to contribute to a huge and emerging problem of AMR in human pathogens (Marshall 

and Levy, 2011) as growing public health threat.  

 

There is very limited data on prevalence of S. aureus/MRSA in the dairy value chain 

in Zambia available. Therefore, it is very important to determine the milk handling, 

hygiene and safety practices among stakeholders and the presence of virulent, 

enterotoxigenic and MRSA strains of S. aureus along the dairy value chain from farm 

to fork in order to identify interventions to reduce the risk to milk consumers and 

farmers including other stakeholders.   

 

1.7 Research questions 

1. What are the milk hygiene practices among the stakeholders in the dairy value 

chain with the potential to increase the possible risk of milk contamination? 

2. Are there any enterotoxigenic and virulent strains of S. aureus circulating in 

the dairy value chain in the study provinces? 

3. What are the vehicles playing a role in transmission, spread and maintenance 

of S. aureus in the dairy value chain?  

 

4. Are there any antimicrobial resistant strains of S. aureus circulating in the 

Zambian dairy value chain? 

 

5.  Are MRSA strains of S. aureus circulating in the dairy value chain? 

 

1.8 Objectives 

 

1.8.1 General objective 

To assess the milk handling hygiene practices and study the characteristics of S. aureus 

associated with the dairy value chain in Western, Lusaka and Southern provinces of 

Zambia.  

 

1.8.2 Specific objectives 

1. To describe the different milk hygiene practices among stakeholders 
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2. To characterise S. aureus from different matrices associated with the dairy value 

chain in the three provinces. 

4. To evaluate roles of different matrices in transmission, spread and maintenance of 

S. aureus along the dairy value chain? 

3. To evaluate antimicrobial resistance genes/profiles of S. aureus isolates  

4. To analyse the possible presence of MRSA among S. aureus isolates 

 

1.9 Significance of the study 

Currently, very little research work related to S. aureus has been done in Zambia. 

Pooled milk samples supplied to Zambia Dairy Produce Board (Parmalat now) in 

Zambia by a number of dairy farmers was screened in 1996 and it revealed gross 

contamination of milk with S. aureus (Pandey et al., 1996). However, this particular 

study was conducted nearly 23 years ago and it was not comprehensive as it did not 

employ a dairy value-chain approach and S. aureus strains found were not fully 

characterised. There is scanty information on the prevalence and magnitude of 

enterotoxigenic S. aureus/MRSA in the Zambian dairy value chain. In addition, the 

potential health risks, caused by S. aureus/MRSA associated with livestock to human 

health in Zambia is not fully understood. Therefore, this study aimed to provide 

information regarding prevalence of genetic diversity, antibiotic resistant profiles and 

virulence including enterotoxigenic potential among S. aureus isolates in the three 

study provinces. Further, this information will be important for the Ministries of 

Fisheries and Livestock, and Health regarding public health policies on milk 

production and handling hygiene by milk handlers and other stakeholders in the entire 

Zambian dairy value chain. The current study also highlights the potential risk of S. 

aureus strains found in the three study provinces to consumers. In addition, targets for 

possible intervention were identified. Policy makers could use this information to 

direct food safety policies and interventions which may help in the prevention and 

control targeting the spread of infectious pathogens particularly the virulent, 

enterotoxigenic and antibiotic resistant S. aureus strains. This, coupled with other 

interventions including boiling of milk, improved milking hygiene and training of 

stakeholders in hygienic milk handling among many interventions, could eventually 

lead to a reduction of S. aureus possible risk associated with milk to consumers.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 General overview of Staphylococcus in dairy  

Staphylococci was first seen in human pus specimen by Robert Kock in 1878. It was 

then cultivated for the first time in liquid media by Louis Pasteur in 1880 (Wainwright 

and Lederberg, 1992). Sir Alexander Agoston named the bacteria Staphylococcus after 

its clustered appearance was evident under a microscope. Bacterial organisms 

including S. aureus, S. epidermidis, pseudomonas aeruginosa, Streptococcus 

agalactiae, Streptococcus uberis, Mycoplasma spp (including Mycoplasma bovis), 

Brucellosis melitensis, E. coli, Enterobacter aerogenes, Pasteurella spp and Proteus 

spp are known to be some of the bacteria causing mastitis in dairy cows. Of these 

bacterial pathogens, S aureus a normal flora, has been known as one of the major 

causes of mastitis in the dairy industry both in the developed and developing countries 

(Petzer et al., 2009; Gitau et al., 2014). In dairy cows, mastitis plays a major role in 

reducing milk production (Hagnestam-Nielsen and Ostergaard, 2009).  

 

2.2  Characteristics of the genus Staphylococcus  

The bacteria belonging to the genus Staphylococcus are small, spherical, non-spore 

forming, non-motile Gram-positive bacteria with a diameter approximately ranging 

from 0.5 to 1.5 µm (Harris et al., 2002). These microorganisms are facultative aero-

anaerobic bacteria which makes them able to grow in environments with oxygen and 

carbon dioxide (CO2). The genus Staphylococcus belongs to the family 

Staphylococcaceae and the order Bacillales (Gherardi et al., 2018). Staphylococci are 

usually catalase-positive and this characteristic makes it possible for them to be 

differentiated from Streptococcus as they are catalase-negative. The staphylococci 

appear in pairs, as short chains or grape-like clusters when viewed through a 

microscope. There are more than 49 species and 26 subspecies of the genus 

Staphylococcus described to date (Han et al., 2015; Kim et al., 2018). Staphylococci 

can exist everywhere including in air, dust, sewage, water and food (including milk) 

or on food equipment, environmental surfaces and in humans and animals.  

 

https://en.wikipedia.org/wiki/Gram-positive
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The genus Staphylococcus is classified into two groups, namely coagulase positive 

Staphylococci (CPS) and coagulase negative staphylococci (CNS) depending on the 

ability or inability to produce the coagulase enzyme and to clot blood plasma. Further, 

the genus has been further classified also based on clinical and epidemiological 

characteristics (Becker et al., 2014). The CPS include S. aureus, S. intermedius, S. 

hyicus and S. schleiferi; CNS include S. epidermidis, S. haemolyticus, S. simulans, S. 

warneri, S. capitis, S. homis, S. pettenkoferi, S. carnosus, S. felis, S. caprae and S. 

lentus  (Becker et al., 2014). S. aureus is the most important species among the CPS 

because of its ability to cause severe disease in humans and animals as well as causing 

food poisoning.  

 

2.3  Growth and survival characteristics of S. aureus 

Staphylococcus aureus can grow and survive in a wide range of environments 

characterised by many factors such as temperature, water activity (aw), pH (Table 1), 

presence or absence of oxygen and usually, the composition of the food. These 

physical growth parameters can vary for different strains of S. aureus involved 

(Stewart, 2003). In general, S. aureus can grow and multiply at temperature ranging 

from 7°C to 48°C, with usually an optimum of 30°C to 37°C (ICMSF, 1996; Stewart, 

2003). The bacteria have been known to have a relatively high heat resistance (Stewart, 

2003). The observed D-value for S. aureus (the time after which the initial 

concentration of viable S. aureus cells would be reduced by 1 log10 unit) was between 

4.8 to 6.6 minutes at 60°C when heated in broth (Kennedy et al., 2005). Further, an 

extremely heat resistant strain of S. aureus was detected from a foodborne outbreak in 

India with a D-value of approximately 15 to 16 minutes at 60°C (Nema et al., 2007). 

S. aureus is also resistant to freezing and can survive well in food stored below -20°C. 

However, the viability of the bacteria is reduced at temperatures between -10°C to 

0°C. Strains of S. aureus are readily killed at pasteurization temperature of 

approximately 71.7°C for about 15 seconds (Stewart, 2003). In addition, the bacterium 

is able to survive and grow at a pH range between 4 to 10, with optimum range of 6 to 

7.5, aw of ˃ 0.83 with optimum of 0.98 and sodium chloride of up to 15 percent 

(Stewart, 2003; Montville and Matthews, 2008; Kadariya et al., 2014). The ability of 

S. aureus to tolerate all these conditions, allow it to survive in dry environments such 

as skin, clothes and environmental surfaces (Chaibenjawong and Foster, 2011; 
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Kadariya et al., 2014). Further, these growth conditions, can also favour the growth of 

S. aureus in many food products (Le Loir et al., 2003).  

 

S. aureus is usually sensitive to microbial competition in food. This characteristic has 

been studied in sour milk. Higher concentration of microorganisms for example in sour 

milk tends to lower the rate of S. aureus growth and Staphylococcal enterotoxin (SE) 

production (Genigeorgis, 1989). Lactic acid produced by lactic acid bacteria, usually 

has also a negative growth effect on S. aureus. In addition to lowered pH, competition 

for nutrients with other microorganisms in presence of hydrogen peroxide, and in some 

cases synthesis of antimicrobial substances such as antibacteriocins produced by other 

organisms may have negative effect on the growth of S. aureus (Le Loir et al., 2003). 

 

Some strains of S. aureus produce staphylococcal enterotoxins (SEs) usually within 

the temperature range of 10°C to 48°C, with the optimum temperature of 40°C to 45°C 

(Table 1). As the temperature decreases, the level of the SE production also decreases. 

The SEs are known to be highly resistant to heating process and could survive even 

the processes used to sterilize foods. These toxins will remain stable under freeze 

storage conditions. Further, SEs production can take place within a pH range of 4.5 to 

9.6, with an optimum of 7 to 8 (ICMSF, 1996). In addition, the production of SEs can 

take place in both anaerobic and aerobic conditions. However, SE production is usually 

optimum in aerobic environment (Stewart, 2003). SEs are usually produced during the 

exponential phase of S. aureus growth and the quantity is usually strain dependent 

(Derzelle et al., 2009).  

 

Table 1: Limits for growth of S. aureus and for enterotoxin production when other 

conditions are near optimum (ICMSF, 1996) 

 Bacterial Growth Enterotoxin Production 

 Optimum Range Optimum Range 

Temperature 

(°C) 

37 7 – 48 40 – 45 10 – 48 

pH 6 – 7 4 – 10 7 – 8 4.5 – 9.6 

Water activity 0.98 0.83 – > 0.99 0.98 0.87 – > 

0.99 
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2.3.1 S. aureus pathogenicity and virulence factors 

For a bacterium to cause disease, it must possess a number of factors capable of making 

it survive and establish itself in the host. S aureus has in possession a number of 

virulent factors which help the bacteria attach and invade the host cells/tissue and, 

evade the host immunity. 

 

2.3.1.1  Cell wall 

The cell walls of S. aureus is an important cellular component of this Gram positive 

bacterium and plays a significant role in the infectivity and pathogenicity (Dmitriev et 

al., 2004). The cell wall is mainly composed of peptidoglycan (Weidel and Pelzer, 

1964), teichoic acid (Baddiley, 1989) and cell wall-associated surface proteins 

(Mazmanian et al., 2001; Perry et al., 2002). About 50 percent by weight of the S. 

aureus cell wall is made of peptidoglycan layers. The S. aureus peptidoglycan layers 

also contain ribitol teichoic acid and lipoteichoic acid (Figure 3). It is believed that 

differences in the peptidoglycan structure between S. aureus strains could contribute 

to the variation in their capacity to disseminate intravascular coagulation and it is also 

reported that peptidoglycan has endotoxin-like activity (Kessler et al., 1991). 

Penicillin binding protein (PBP) located in the cytoplasmic membrane is involved in 

the assembly of the cell wall (Lowy, 1998). Some S. aureus strains form capsular 

exopolysaccharides and these structures play an important role in the pathogenesis and 

antibiotic resistance ability of the pathogen (Begun et al., 2007). About 11 types of 

microcapsules were found to be produced by more than 90 percent of Staphylococcus 

species (Lee, 1996).  

 

S. aureus cell wall also contains surface protein known as protein A and it is encoded 

by spa gene which can be typed on the basis of base sequence. Protein A (SpA) is a 

very important virulence factor for S. aureus (Foster and Hook, 1998; Palmqvist et al., 

2002; Fournier and Philpott, 2005; Baum et al., 2009). It has been known to be 

associated with the pathogenesis of S. aureus pneumonia (Gomez et al., 2004; Gomez 

et al., 2006; Baum et al., 2009), invasive diseases (Loughman et al., 2009) and has 

been known to play a role in biofilm formation (Merino et al., 2009). SpA is a protein 

of 42 kDa by weight and comprises of various regions with different functions: The 
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signal sequence (S region) in the N-terminal part is followed by approximately four to 

five homologous immunoglobulin G (IgG)-binding domains usually in tandem (the E, 

D, A, B, and C regions) (Lofdahl et al., 1983; Baum et al., 2009). The C-terminal 

region, or X region is divided into two domains namely; (i) the repeat region XR, 

consists of variable repeats with mostly octapeptide structures which are used for spa 

typing, and (ii) Xc consisting of a conserved sequence, which has been known to 

confer anchoring to the cell wall through an LPXTG-binding motif (Schneewind et al., 

1992; Schneewind et al., 1995; Baum et al., 2009). The most studied function of SpA 

includes the interaction with human IgG by binding to the Fc part, which negatively 

affects the immune system (Foster, 2005; Baum et al., 2009). In recent years, spa (S. 

aureus protein A) typing use has been on the increase as a typing method (Baum et al., 

2009). 

 

 

Figure 3: Cell wall structure and virulence factors. Source: (Kong et al., 2016) 

 

2.3.1.2  Virulence factors of S. aureus 

Staphylococcus aureus is known to possess several genes encoding a wide range of 

virulence factors that are located on the chromosome or plasmids (Lowy, 1998). These 

factors are responsible for the host colonisation, invasion of damaged skin and 

mucosae, transmission throughout the body, and the evasion of the host defence system 

(Lowy, 1998). Approximately 50 virulence factors expressed by S. aureus have been 
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described (Ferry et al., 2005) and these are responsible for many biological activities. 

S. aureus has been implicated as a major cause of several toxin-mediated and 

suppressive diseases in humans (Ferry et al., 2005). It is believed that in staphylococcal 

scalded-skin syndrome (SSSS) and toxic shock syndrome (TSS) staphylococcal 

pathogenicity is not due to just one factor. Several factors participate in the 

pathogenesis of different diseases in a stepwise manner. In each of these steps, one or 

several virulence factors could be involved (Ferry et al., 2005).  

 

Usually, the first step of pathogenesis will start with virulence factors that help S. 

aureus to adhere to the host surface such as protein A and collagen-binding proteins. 

S. aureus protein A which is encoded by the spa gene bind to IgG causing an 

interference in the phagocytosis activity of the immune system of the host (Falugi et 

al., 2013). This allows S. aureus to evade host immunity by resisting phagocytosis. 

Further, some strains of S. aureus express collagen-binding proteins known as CAN. 

The presence of CAN is important and sufficient for the bacteria to adhere to 

collagenous tissue such as cartilage (Switalski et al., 1993). Clumping factor proteins 

(CIfA and CIfB) mediate adherence of S. aureus to fibrinogen and platelets in the 

presence of fibronectin (Switalski et al., 1993; McDevitt et al., 1997; Ni Eidhin et al., 

1998; Risley et al., 2007). This results in clumping of the blood plasma. The expression 

of cell wall-surface proteins (CWA) can be altered by growth conditions.  Moreover, 

some proteins are expressed under iron-limited conditions (Mazmanian et al., 2003; 

Hammer and Skaar, 2011) while some proteins are predominantly expressed during 

the exponential bacterial growth phase (McAleese et al., 2001). CWA are covalently 

attached to peptidoglycan, and are crucial in the success of S. aureus as commensal 

and pathogenic bacteria (Foster et al., 2014). 

 

The second step of S. aureus pathogenesis involves the secretion of proteins. These 

proteins play an active role in disarming the host immunity, disrupting host cells and 

tissues, and interfering with the host immune mechanisms to release nutrients and to 

help the bacteria to disseminate (Foster, 2005; Lin and Peterson, 2010; Costa et al., 

2013). These exotoxins are grouped into four categories namely: superantigens, 

cytolytic (pore-forming) toxins, various exoenzymes and miscellaneous proteins (Lin 

and Peterson, 2010). Superantigens are a group of secreted immune-stimulatory 
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proteins that include staphylococcal enterotoxin (SEs) (as discussed in subsection 

2.3.2) and toxic shock syndrome toxin (TSST-1). Further, S. aureus secretes a variety 

of immunomodulatory proteins and virulence factors which mainly target leucocytes 

(Vandenesch et al., 2012; Otto, 2014). Some of the secreted proteins are the bi-

component pore-forming leucocidins consisting of an F and S subunit (Alonzo and 

Torres, 2014; Menestrina et al., 2003). The so far known seven bi-component 

leucocidins of S. aureus strains include Panton-Valentine leucocidin (PVL, encoded 

by lukS-PV and lukF-PV), LukMF’ (a non-human leucocidin encoded by lukF-PV 

(P83) and lukM), LukED (encoded by lukE and lukD), LukXY (also named LukAB or 

LukGH), gamma-haemolysin AB (HlgAB, encoded by hlgA and hlgB) and HlgCB 

(encoded by hlgC and hlgB). These proteins usually form β-barrel pores in the 

cytoplasmic membranes of host immune cells and cause leakage of the cell’s content 

at low doses and cell lysis at high doses (Foster, 2005; Lin and Peterson, 2010).  

Almost all strains of S. aureus secrete extracellular enzymes whose major function is 

believed to be the disruption of host tissue and, or inactivation of the host antimicrobial 

mechanisms (including lipids, defensins, antibodies and complement mediators) to 

acquire nutrients for bacterial growth and help in bacterial dissemination (Dinges et 

al., 2000; Lin and Peterson, 2010; Costa et al., 2013). These exoenzymes include 

lipases, proteases, hyaluronidase, and staphylokinase (Dinges et al., 2000; Lin and 

Peterson, 2010). These enzymes also play a role in destroying the host tissue and help 

the bacteria to spread to the adjacent tissues leading to bacterial invasion. In addition, 

S. aureus has other specific proteins that can also have a profound impact on the innate 

and adaptive immune system. These include staphylococcal complement inhibitor, 

extracellular fibrinogen-binding protein, chemotaxis inhibitor protein, formyl peptide 

receptor-like-1 inhibitory protein and extracellular adherence protein (Costa et al., 

2013). 

 

2.3.2 S. aureus enterotoxins 

SEs are potent gastrointestinal exotoxins synthesized by S. aureus throughout the 

logarithmic phase of growth or during the transitional phase from the exponential to 

stationary phase (Otero et al., 1990; Betley et al., 1992; Lowy, 1998; Derzelle et al., 

2009). SEs, are a family of related secreted proteins in terms of structure, and belong 

to the pyrogenic toxin superantigen family (Balaban and Rasooly, 2000). These 
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superantigens usually by-pass the convention antigen recognition probably by cross-

linking major histocompatibility complex class II (MHCII) molecules on antigen 

presenting cells with T-cell receptors. This process, usually result in proliferation of 

T-cells and cytokine release (which in some cases may result in toxic shock syndrome) 

(Balaban and Rasooly, 2000). Sufficient amounts SEs must be consumed in food for 

SFP to occur (Argudin et al., 2010). Further, apart from S. aureus, there are other 

Staphylococcus species with the ability to produce SEs. These include CPS such as S. 

intermedius (Becker et al., 2001) and CNS such as S. epidermidis, S. xylosus, S. 

haemolyticus and S. cohnii (Bautista et al., 1988). 

 

The SEs cover proteins with known emetic activity (Lina et al., 2004). About 23 types 

of SEs have been identified mainly based on antigenicity (SEA to SElY) (Denayer et 

al., 2017; Grispoldi et al., 2019). The SEA, SEB, SEC, SED, and SEE are referred to 

as classical SEs and have been implicated in SFP. Among these enterotoxins, SEA has 

been the most frequently reported as the common cause of SFP worldwide and 

involvement of other classical enterotoxins has also been reported (Argudin et al., 

2010; Kadariya et al., 2014; Denayer et al., 2017; Grispoldi et al., 2019). In addition, 

out of the new SEs, only SEH has been clearly identified with SFP (Argudin et al., 

2010). Further, strains of S. aureus harbouring new SEs have been widely detected 

worldwide. However, their role in pathogenicity may be underestimated (Argudin et 

al., 2010). 

 

2.3.3 Expression of S. aureus enterotoxins 

Enterotoxigenic strains of S. aureus have different profiles of staphylococcal 

enterotoxin (SEs) genes and may harbour several genes simultaneously. All these 

enterotoxin genes are known to be located on mobile genetic elements such as phages 

in case of sea, see and sep, on plasmid in case of sed, sej, ser, ses, set, and S. aureus 

pathogenicity islands (Kuroda et al., 2001; Yarwood et al., 2002; Omoe et al., 2005; 

Ono et al., 2008). The SE genes ser and sej are usually encoded on two kinds of 

plasmids along with genes sed or ses and set (Zhang et al., 1998; Omoe et al., 2003; 

Ono et al., 2008). The enterotoxin genes sel and sec of S. aureus are known to occur 

together (Fitzgerald et al., 2001; Kuroda et al., 2001). In addition, the enterotoxin 

genes seq and sek also occur together (Yarwood et al., 2002; Sumby and Waldor, 
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2003). The S. aureus enterotoxin genes seg, sei, sem, sen, seo, and sometimes seu or 

sev constitute the enterotoxin gene cluster (egc) which is organized as an operon 

(Thomas et al., 2006). The information on the distribution and the prevalence SE genes 

including enterotoxin-like genes in food-derived staphylococci is on the increase 

(Borst and Betley, 1994; Bania et al., 2006; Chiang et al., 2006; Hwang et al., 2007; 

Poli et al., 2007; Chiang et al., 2008). However, data regarding the individual 

enterotoxin gene expression and mechanism of gene regulation is still limited, apart 

from the 5 classical genes. Many differences in the expression may occur among the 

classical enterotoxin genes regarding their temporal regulation, toxin yield and, 

mechanism of gene regulation. 

 

Staphylococcus aureus has a very complex network of regulatory pathways to control 

toxin production (Recsei et al., 1986; Fisher et al., 2018). Expression of SEs is 

regulated by multiple and usually overlapping regulatory pathways which are mainly 

influenced by the environmental factors (Table 1). In addition, regulation of SE 

expression mainly depends on bacteria phase of growth and changes in the 

environment (Roux et al., 2014). A lot has been known about regulatory systems that 

control the responses of bacterium to the changes in the environment in the recent past 

but much still need to be known. In general, proteins responsible for adhesions and 

invasion of S. aureus are usually produced during the exponential bacteria growth 

phase while SEs including enzymes and exotoxins are synthesised in the post 

exponential growth phase (Lowy, 1998). These processes are regulated by a complex 

network of regulatory proteins. The complex regulatory proteins are grouped into two 

categories: (i) the two-component regulatory systems (TCRSs) and the global 

regulators of the SarA family (Cheung et al., 2004). The TCRSs also include the 

accessory gene regulator (Agr) and the staphylococcal accessory elements (Sae). The 

Agr is the main gene regulator system in the expression of virulence factors in S. 

aureus. However, not all SEs are regulated by Agr. For example, in case of SED and 

SEJ which have similarities in amino acid sequences, only SED is regulated by Agr 

while SEJ is not (Zhang et al., 1998b). It has also been known that the expression of 

SEA is not regulated by Agr (Tremaine et al., 1993). Further, production of SEB and 

SEC is inhibited in presence of glucose because of the inhibitory effect on agr 

expression due to low pH resulting from glucose metabolism (Regassa et al., 1992). 
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Neutral pH has been documented as the optimum pH for SE production (Table 1). On 

the other hand, it was noted that all the regulatory networks exert their influence in an 

interactive manner, not singular to ensure that virulence factors are expressed when 

required (Costa et al., 2013). 

 

2.4  Epidemiology of S. aureus 

Staphylococcus aureus bacteria are distributed worldwide and are usually found in the 

nose, groin, axillae, perennial areas (especially in males), mucous membranes, mouth, 

mammary glands, hair including intestinal, genitourinary and respiratory tracts 

(Murray et al., 2003). Humans, wild and domestic animals are some of the common 

reservoirs of S. aureus (Fitzgerald et al., 2001b). The bacteria are spread by direct 

contact with an infected person, animal or by using contaminated objects, inhaling 

infected droplets discharged by sneezing and coughing. S. aureus is one of the 

common causes of soft skin infections (Fridkin et al., 2005). Skin infections in humans 

are common, but bacteria can spread through bloodstream. The rates of infection in 

community settings are increasing (Fridkin et al., 2005; David et al., 2006). On the 

other hand, about 20 percent of humans are persistent carriers of S. aureus, about 60 

percent are intermittent carriers while about 20 percent rarely carry it (Kluytmans et 

al., 1997). Transmission can occur via ingestion of contaminated food with 

enterotoxins (Le Loir, 2003), infection could be spread from person to person through 

health care workers or patients (Kluytmans et al., 1997) and animals. In addition, S. 

aureus may be divided into methicillin resistant S. aureus (MRSA) or methicillin 

sensitive S. aureus MSSA.  

 

2.4.1 MRSA in humans and livestock 

There are many antibiotics against S. aureus available but some strains have developed 

antibiotic resistance mechanisms to inhibit them including methicillin resistance 

mechanism (Lowy, 2003). S. aureus had always been known for its ability to adapt to 

selective pressure from antibiotics. However, the first penicillin-resistant S. aureus 

was reported in 1948 shortly after the introduction of penicillin in the clinic practice 

(Barber and Rozwadowska-Dowzenko, 1948). Methicillin as a drug of choice in the 

treatment of infections caused by penicillin-resistant S. aureus was introduced in the 

late 1950s. In 1961, MRSA was identified in UK and it was later known to be a 
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hospital-associated bacteria worldwide (Jevons et al., 1963; DeLeo et al., 2010; Otto, 

2012). 

 

Methicillin resistant S. aureus strains carry the mecA gene on the staphylococcal 

cassette chromosome mec (SCCmec), which is a mobile genetic element (Katayama et 

al., 2000; Harkins et al., 2017). Within the cassette, mecA gene is responsible for 

resistance to β-lactam drugs including methicillin. The product of mecA is the 

peptidoglycan synthesis enzyme penicillin-binding-protein (PBP) 2a which is 

involved in the crosslinking of peptidoglycan in the bacterial cell wall (Hartman and 

Tomasz, 1984; Matthews and Tomasz, 1990; Fishovitz et al., 2014; Harkins et al., 

2017). PBP2a usually shows lower affinity for β-lactam antibiotics such as penicillin 

and methicillin than the native Penicillin-Binding-Proteins encoded in the core 

genome of S. aureus (Hartman and Tomasz, 1981; Hartman and Tomasz, 1984; 

Harkins et al., 2017). This allows the bacteria to produce a functional cell wall and to 

survive β-lactam antibiotic treatment (Hartman and Tomasz, 1981). The structure of 

SCCmec is somehow diverse and is typed according to the combination of the types 

of the cassette chromosome recombinase gene complex (ccr) and mec gene complex 

(mec) (Luong et al., 2002; Ma et al., 2002; Ito et al., 2004; Chongtrakool et al., 2006; 

Oliveira et al., 2006). The ccr gene complex is responsible for mobility of the element. 

Apart from ccr and mec gene complexes, there are some non-essential regions referred 

to as junkyard regions, which are also normally included in SCCmec typing (Kondo et 

al., 2007). SCCmec may also include other antibiotic resistant genes apart from mecA, 

which encode resistance to other antibiotics and/or heavy metals. These genes are part 

of integrated copies of plasmids and transposons (Grundmann et al., 2006). 

 

In 2011, mecC a homologue of mecA was identified from S. aureus isolates from dairy 

cattle in the United Kingdom (Garcia-Alvarez et al., 2011), which shows about 70% 

nucleotide identity to mecA. The mecC gene is located at a novel SCCmec named 

SCCmec type XI (Garcia-Alvarez et al., 2011; Shore et al., 2011). The mecC gene has 

been found from a wide range of multilocus sequence types lineages of S. aureus 

isolates from humans and animal (Cuny et al., 2011; Garcia-Alvarez et al., 2011; 

Laurent et al., 2012). 
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2.4.1.1  Hospital-associated and community-associated MRSA 

Methicillin resistant S. aureus strains are resistant to nearly all β-lactam antibiotics 

(Fuda et al., 2004), including the penicillins, methicillin, ampicillin, amoxicillin, and 

cephalosporins. There are some antibiotic drugs available that are known to be 

effective in the treatment of MRSA infections and these include vancomycin and 

linezolid (Taha et al., 2019). However, vancomycin resistance has been reported 

among MRSA strains (Taha et al., 2019). MRSA has emerged as a major cause of 

health-care and community-associated infections (Klein et al., 2007). In the past, 

MRSA infections worldwide were generally considered to be hospital-associated (HA-

MRSA) and it has been known to be a main public health challenge in the last five 

decades globally (Waness, 2010). However, an increase in the number of infections 

caused by community-associated MRSA (CA-MRSA) has been reported globally in 

the past years (DeLeo et al., 2010; Waness, 2010; Verkade and Kluytmans, 2014). 

Infections caused by CA-MRSA are mainly seen in individuals without any recent 

contacts with health care facilities (Sowash and Uhlemann, 2014).  

 

Staphylococcus aureus strains have been grouped in to Clonal Complexes (CC) based 

on sequence types. Clonal complexes are groups of sequence types (ST) in which every 

ST shares at least five to seven identical alleles with at least one other ST in the group 

(Day et al., 2001; Feil et al., 2003). Isolates are usually defined according to the alleles 

present at the seven loci (allelic profile). Each unique allelic profile is assigned an ST. 

All isolates with the same ST have identical sequences at all MLST loci and are usually 

considered to be members of a single clone (Feil et al., 2003). The clonal complex 

(CC) CC1, CC8, CC15 and CC97 represent the largest group of S. aureus lineages, 

comprising about 911 different sequence types (Dabul and Camargo, 2014). 

Approximately ten multilocus sequence lineages of CA-MRSA strains have been 

known to be distributed worldwide. These include CC1, CC5, CC8, CC12, CC15, 

CC22, CC25, CC30, CC45 and CC51. However, among these lineages, CC1, CC5, 

CC8, CC22, CC30 and CC45 usually contain the most MRSA strains (Feil et al., 2003; 

Holmes and Zadoks, 2011). Genetically, CA-MRSA strains are different from HA-

MRSA (Diep and Otto, 2008). In most cases, HA-MRSA carry the SCCmec type IV 

or V and usually they harbour the genes encoding PVL which is associated with 

infections of the skin and soft tissues (Vandenesch et al., 2003; DeLeo et al., 2010). 
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SCCmec type IV or V found in CA-MRSA is much smaller than SCCmec type I, II 

and III usually found in HA-MRSA. These genetic differences between CA-MRSA 

and HA-MRSA are related to the host environment (Diep and Otto, 2008; David and 

Daum, 2010).  

 

Most of the studies that have been conducted in Africa on MRSA are more focused on 

human clinical isolates (Lozano et al., 2016). Further, studies in Africa have shown 

diversity of clonal lineages among MRSA strains with some clones such as CC5 or 

CC8 being common (Schaumburg et al., 2014; Lozano et al., 2016). Clonal complexes 

CC8 (ST239 and ST612), CC5, CC30, CC80, and CC88 have been identified as 

predominant clonal lineages of CA/HA-MRSA in Africa (Schaumburg et al., 2014; 

Abdulgader et al., 2015; Lozano et al., 2016). The more dominant clonal lineage (24 

percent to 83 percent) detected among MRSA strains in humans is CC88, and it has 

been referred to as the African clone (Schaumburg et al., 2014; Lozano et al., 2016). 

In Zambia, there is no data on the common S. aureus clones circulating in humans and 

animals. A lot is not fully understood regarding S. aureus strain types and their lineages 

in humans and animals in Zambia.  

 

2.4.1.2 Livestock-associated MRSA (LA-MRSA) 

Besides HA-MRSA and CA-MRSA, MRSA was found to be associated with livestock. 

In 1972 MRSA was detected in milk from a cow with mastitis (Devriese et al., 1972). 

At that time, it was believed to be associated with human to animal transmission of an 

MRSA strains acquired likely by a farmer from hospital environment during 

hospitalization. In the recent years, LA-MRSA strains have been found in different 

animals in several countries in Europe, Asia and in the USA (Smith and Pearson, 

2011). Typically, human lineages of S. aureus are rarely found in animal species, 

suggesting host range barriers (Sung et al., 2008). Further, some studies have indicated 

that certain LA-MRSA strains are associated with specific animal species. For 

instance, multilocus sequence types ST71, ST97, ST126, ST133 and ST151 are 

commonly found in ruminants and are the leading causes of bovine mastitis. On the 

other hand, ST5 is usually associated with poultry, and ST9, ST433 and ST398 are 

often associated with pigs (Armand-Lefevre et al., 2005; Lowder et al., 2009; 

Nickerson, 2009; Holmes and Zadoks, 2011; Moodley et al., 2012). The first LA-
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MRSA to be found in pigs belonging to clonal complex CC398/ST398 was reported 

in 2005 in France (Armand-Lefevre et al., 2005). However, it was later discovered that 

the same clonal complex was widely distributed in pigs in the Netherlands (Voss et 

al., 2005). Sequence type ST398/CC398, shows a broader host range compared to 

other MRSA strains and has been detected also in cattle, veal calves, horses, poultry, 

companion animals (dogs and cats) and in humans (Verkade and Kluytmans, 2014). 

However, the rapidly emerging colonisation of pig farmers with pig-associated MRSA 

shows that some lineages of S. aureus have a broader hosts range (van Loo et al., 2007; 

Wulf and Voss, 2008). The widespread colonisation of pigs (de Neeling et al., 2007), 

and emerging infections in people (Krziwanek et al., 2009; Golding et al., 2010; 

Rasigade et al., 2010a) indicated that the animal reservoir of S. aureus can have 

potentially serious consequences for human health. Pigs have been implicated as the 

main reservoir of LA-MRSA belonging to clonal complex, CC398 (Hasman et al., 

2010).  

 

MRSA infections in dairy cattle have been associated to transmission between human 

and animals, but the directionality of transmission is not always known (Devriese and 

Hommez, 1975; Juhasz-Kaszanyitzky et al., 2007). Transmission of foodborne 

pathogens from animals, including dairy cattle to humans has been investigated in a 

number of different countries (Normanno et al., 2007). Because of their large 

population size, farm animals may constitute a potentially enormous reservoir of any 

pathogen. Even though the largest reservoir of S. aureus is human nostrils, the second 

largest may as well be cows. A recent description of a novel MRSA variant found in 

both humans and cows, suggests that ST398/CC398 is not the only lineage with an 

extended host range (Garcia-Alvarez et al., 2011). Moreover, the host range of a 

pathogen is a dynamic evolving trait. For example, Lowder et al. (2009) described a 

recent host shift of a particular S. aureus subtype of a world human ST5 clonal lineage 

from humans to chickens. The host shift was followed by global spread in chickens 

(Lowder et al., 2009). 

 

In Africa, studies mainly focusing on presence, prevalence and molecular typing of 

MRSA strains in animals are limited. However, information is available for only few 

countries (Fall et al., 2012; Gharsa et al., 2012a; Gharsa et al., 2012b; Schaumburg et 
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al., 2012a; Schaumburg et al., 2012b; Schaumburg et al., 2013; Youn et al., 2014; 

Gharsa et al., 2015; Schaumburg et al., 2015b; Lozano et al., 2016). S. aureus strains 

have been reported in both sick and health animals in at least 12 African countries, 

Whereas, MRSA strains have been isolated in at least seven African countries 

including Côte d’Ivoire, Egypt, Nigeria, Senegal, Sudan, South Africa and Tunisia 

(Lozano et al., 2016). In the recent years, more studies done in some African countries 

on animals has generated more information about the role of animals in the evolution, 

epidemiology and dissemination of S. aureus (Lozano et al., 2016). For example, some 

strains belonging to CC88 (t189) were detected in both humans and sheep in the same 

village in Côte d’Ivoire (Schaumburg et al., 2015b). Moreover, LA-MRSA infections 

have been reported in relatives of farmers (Lozano et al., 2016) while in some cases 

strains belonging to ST398/CC398 have also been detected in people without contact 

with animals (Benito et al., 2014; Lozano et al., 2016). In general, some clonal lineages 

have been found to better adapt to some animal species (Lozano et al., 2016) and, S. 

aureus isolation rate in such animals is likely to be higher. Clonal complex CC130 and 

CC133 have been identified as highly associated with ruminants in Africa and these 

clonal lineages have been detected also in other continents (Garcia-Alvarez et al., 

2011; Lozano et al., 2016). Colonisation of animals with MRSA in African countries 

was found to be very low (0 to 3 percent) (Fall et al., 2012; Gharsa et al., 2012b; Mai-

siyama et al., 2014; Lozano et al., 2016). However, in Nigeria colonisation rate of 20.7 

percent was observed in cattle from abattoir (Mai-siyama et al., 2014). MRSA has 

been detected in variable rates in cattle, sheep, goats, horses and camels on the African 

continent (Lozano et al., 2016). However, in Zambia there is no available data on 

MRSA in livestock. 

 

2.5  Prevalence of S. aureus in raw milk 

Few studies on S. aureus in raw milk from health looking cows in Africa have been 

done and the prevalence ranges from 6.3 to 100 percent (Lozano et al., 2016). A study 

in Tanzania reported the prevalence of S. aureus in bovine raw milk to be 41 percent 

(Mohammed et al., 2018). Other studies have reported differences in the prevalence of 

S. aureus in raw milk with Kenya having 30.6 percent, Morocco (40 percent) and 

Ethiopia (48.7 percent) respectively (Shitandi and Sternesjö, 2004; Bendahou et al., 

2008; Daka et al., 2012). In addition, a study in Uganda reported 20.3 percent 
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prevalence of S. aureus in milk samples (Asiimwe et al., 2017b). A study in South 

Africa reported very low prevalence of 4 percent (Pekana and Green, 2018). In some 

African countries, raw milk is rarely tested for presence of microorganisms such as S. 

aureus. However, there are few African countries such as Rwanda with milk collection 

centres (MCCs) doing microbial analysis of milk (Doyle et al., 2015). Since microbial 

analysis takes days for results to be provided, some contaminated milk usually finds 

its way in the bulk tanks at MCCs. At some MCCs in Zambia, few testes are done as 

described in subsection 2.9. (Phiri et al., 2021) and when milk is contaminated it is 

rejected. Clinical and subclinical mastitis have been identified as one of the sources of 

contamination of raw milk (Oliver et al., 2005). Since the privatisation of the 

veterinary services in most African countries including Zambia, monitoring for 

mastitis is done by the individual farmers and not government. Farmers have to pay 

for the veterinary services and it is a challenge for those who cannot manage due to 

costs of seeking veterinary services when they have cows with mastitis at their farms. 

 

2.6  Prevalence of mastitis caused by S. aureus in dairy cows in Africa  

Bovine mastitis has been known to be common in both developed and developing 

countries and it is an important disease in dairy industry worldwide. Some studies on 

the prevalence of mastitis in Africa have been conducted in about 30 percent of African 

countries and the highest prevalence was found in Ethiopia (Motaung et al., 2017). S. 

aureus has been known to cause contagious and in most cases chronic mastitis in cattle 

worldwide (Barkema et al., 2006). Mastitis causes direct and indirect losses through 

decrease in milk production, discarded or rejected milk and costs of disease treatment 

and management (Halasa et al., 2007; Heiniger et al., 2014; Leuenberger et al., 2019). 

Mastitis and teat canal infections in South African dairy herds were reported to have 

increased from eight to 24 percent in 2002, to 15.4 to 30.0 percent in 2006, respectively 

(Petzer et al., 2009). In 2006, S. aureus was the second predominant (17 percent) 

bacterium in the South African dairy lactating cows (Petzer et al., 2009). A study done 

in Rwanda reported 20.6 percent prevalence of mastitis caused by S. aureus in cows 

from 13 smallholder dairy farms (Mpatswenumugabo et al., 2017). S. aureus 

prevalence rate reported in this study could be associated with poor milking hygiene 

and lack of teat dipping (Mpatswenumugabo et al., 2017). Further, a study done in 

Tanzania on 69 smallholder farms with lactating cows reported that the prevalence at 
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herd level of subclinical mastitis due to S. aureus was 20.4 percent (Mdegela et al., 

2009). However, this study also reported that overall clinical mastitis prevalence on 

the participating 69 smallholder farms was 21 percent, including mastitis caused by 

pathogens other than S. aureus (Mdegela et al., 2009). In addition, a study conducted 

in Ethiopia around Asella town reported 47 percent prevalence of clinical mastitis due 

to S. aureus and 43 percent prevalence of subclinical mastitis due to the same species 

(Seyoum et al., 2018). A study done in Nigeria reported 23 percent prevalence of 

clinical mastitis due to S. aureus on 27 commercial farms (Junaidu et al., 2011). 

Further, a study done in Kenya in Jammu region on 260 cases of bovine clinical 

mastitis reported 11.5 percent prevalence and S. aureus was the most frequently (61 

percent) isolated bacteria among other types of bacteria (Bhat et al., 2017). Another 

study done in Kenya on the prevalence of bovine mastitis, its therapeutics and control 

in Tatton Agriculture Park in Inyoro district reported that S. aureus was the most 

prevalent (59 percent) bacteria (Ondeik et al., 2013).  

 

In Zambia, a study on the prevalence of subclinical mastitis and udder pathogens on 

small scale farms in the different areas of Southern province reported that S. aureus 

was the second most prevalent (29 percent) bacterial species (Eriksson et al., 2013). 

There are several factors that could be responsible for influencing geographical 

distribution and dynamics of S. aureus and these may include climatic conditions, 

cattle nutrition, and movement of cattle (Motaung et al., 2017) including milking and 

milk handling practices, and general farm management. Further, climatic conditions 

such as seasons have been identified as one of the factors affecting mammary gland 

pathogens and the composition of milk (Olde Riekerink et al., 2007; Zeinhom et al., 

2016). Therefore, mastitis might be more prevalent in certain seasons such as rainy 

season than other seasons in African countries such as Zambia. 

 

2.7 Economic impact of S. aureus on the dairy industry 

Staphylococcus aureus is one of the major causes of clinical mastitis in dairy cows 

causing huge economic losses worldwide (Lundberg et al., 2014; Seyoum et al., 2018). 

Economic losses due to mastitis on global scale are estimated to be approximately US 

$ 35 billion annually (Wells et al., 1998). In the U.S.A, overall costs of mastitis were 

estimated to be $ 1.5 to 2.0 billion per year, while losses from reduced milk production, 
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and costs associated with high somatic cell counts (SCC) due to subclinical mastitis 

were estimated at US $ 960 million (Wells et al., 1998). The average costs of clinical 

mastitis per cow and per year in high-yielding dairy cows, based on data from 5 large 

herds from 2004 to 2006 in New York State, was US $71, with an incidence of 39.7 

percent clinical mastitis cases per 100 cow years and an average cost of a clinical 

mastitis case of US $ 179 (Bar et al., 2008). These costs were composed of US $ 115 

due to milk yield losses, US $ 14 due to increased mortality, and US $ 50 due to 

treatment associated costs per case (Bar et al., 2008).  

 

In the United Kingdom, the estimated output losses and costs for treatment and 

prevention of mastitis were approximately £ 179.9 million, £ 79.8 million and £ 9.3 

million, respectively (Rainard et al., 2018). In Switzerland, the costs of mastitis were 

estimated to be 129.4 million Francs per year (Heiniger et al., 2014). Other studies 

indicate that the costs of mastitis per year in Northern Ireland were approximately € 

14 million in total, in the Republic of Ireland around € 693 for every infected cow per 

year and in the Netherlands approximately € 164 to € 235 per infected cow per year 

(Viguier et al., 2009). In Ethiopia, production losses associated with subclinical 

mastitis were estimated at 5.6 percent and losses were highest (9.3 percent) for urban 

and small-scale farms (6.3 percent) (Mungube et al., 2005). The estimates of the 

financial losses reported in this study, ranged from US$ 29.1 for dairy herds in 

secondary towns to $ 66.6 for urban dairy farms, and a total loss of $ 38 was estimated 

for each cow per lactation (Mungube et al., 2005). However, economic impact of 

bovine mastitis in Africa is not well documented and as a result in most cases, 

economic losses and expenditures associated with mastitis in Africa are usually 

underestimated or miscalculated (FAO, 2014). There no comprehensive report on the 

economic losses caused by mastitis in Zambia. Moreover, little research work has been 

done on mastitis in Zambia. 

 

2.8 Clinical manifestation of S. aureus 

 

2.8.1 S. aureus in humans 

S. aureus causes a wide range of infections in humans and it is the leading cause of 

bacteraemia, endocarditis as well as skin and soft tissue infections in  humans (Tong 
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et al., 2015). S. aureus skin infections in humans can manifest in various forms, 

including abscesses, impetigo, cellulitis, and more severe invasive soft tissue 

infections (Tong et al., 2015). S. aureus is extremely prevalent in persons with 

dermatitis. The bacteria are mostly found in places including the armpits, hair, and 

scalp. Large pimples that appear in these areas may exacerbate the infection if 

lacerated. This can sometimes lead to staphylococcal scalded skin syndrome. A severe 

form of staphylococcal scalded skin syndrome, Ritter's disease, can be observed in 

neonates (Curran and Al-Salihi, 1980).  In addition, S. aureus causes other diseases 

including osteomyelitis (Torda et al., 1995; Sheehy et al., 2010), pneumonia (Koulenti 

et al., 2017), meningitis (Schlesinger et al., 1987; Pizon et al., 2006) and toxic shock 

syndrome (DeVries et al., 2011). Bacteraemia is a common S aureus infection among 

human patients in hospitals. 

 

2.8.1.1 Bacteraemia in humans 

Asymptomatic S. aureus colonisation has been identified as one of the risk factors for 

subsequent infections caused by this pathogen. (Kluytmans et al., 1997; von Eiff et al., 

2001; Schaumburg et al., 2014). In most developed countries, the incidence of S. 

aureus bacteraemia ranges from 10 to 30 percent per 100,000 person-years (Laupland 

et al., 2013; Tong et al., 2015). Studies conducted in Denmark between 1957 and 1990 

indicated that the incidence of bacteraemia due to S. aureus increased from three cases 

per 100,000 person-years to 20 cases per 100,000 person-years (Frimodt-Moller et al., 

1997). Although the incidence of S. aureus bacteraemia has remained stable in some 

countries such as Denmark for the last 20 years, the contribution of MRSA has been 

fluctuating. The studies done in Quebec, Canada showed that the incidence of MRSA 

bacteraemia increased between 1991 to 2005 from 0 to 7.4 percent per 100,000 person-

years, despite the stable rates of methicillin susceptible S. aureus (MSSA) bacteraemia 

during the same period (Allard et al., 2008). Increasing trends of MRSA bacteraemia 

incidences were also observed in Minnesota from 1998 to 2005 (El Atrouni et al., 

2009), Calgary, Canada from 2000 to 2006 (Laupland et al., 2008) and in Oxfordshire, 

United Kingdom from 1997 to 2003 (Wyllie et al., 2005).  

 

CA-MRSA clones/strains in North America (such as USA 300) have been implicated 

in the increased incidences of MRSA bacteraemia (Klevens et al., 2007; Laupland et 

https://en.wikipedia.org/wiki/Impetigo
https://en.wikipedia.org/wiki/Cellulitis
https://en.wikipedia.org/wiki/Atopic_dermatitis
https://en.wikipedia.org/wiki/Staphylococcal_scalded_skin_syndrome
https://en.wikipedia.org/wiki/Ritter's_disease
https://en.wikipedia.org/wiki/Neonates
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al., 2008). However, in the United Kingdom, the clones of MRSA (United Kingdom 

EMRSA-15 and EMRSA-16) were also implicated in the incidences of bacteraemia 

(Johnson et al., 2005). However, some countries have experienced reduction in the 

incidences of MRSA bacteraemia since 2005 probably due to improvements in the 

infection control procedures they use. These reductions were also observed in the 

United Kingdom from 2004 to 2011 when the incidences MRSA bacteraemia were 

reduced by half (Johnson et al., 2012; Stone et al., 2012). The reports of reduction in 

the incidences of MRSA bacteraemia have also been documented in the United States, 

Australia and France (Grayson et al., 2008; Jarlier et al., 2010; Kallen et al., 2010).  

 

In Sub-Saharan Africa, S. aureus is a common cause of bacteraemia (Bachou et al., 

2006; Perovic et al., 2006; Schaumburg et al., 2014). Human immunodeficiency virus 

(HIV) has been confirmed as one of the risk factors for S. aureus colonisation in Africa 

(Kinabo et al., 2013; Schaumburg et al., 2014). A study done in South Africa, on 

children hospitalised in Soweto reported that bacteraemia caused by S. aureus was 

high mainly among children with HIV (Groome et al., 2012). Further, a study done in 

Kampala, Uganda revealed that bacteraemia affected one in every six malnourished 

children and caused high mortality especially among HIV-positive children (Bachou 

et al., 2006). Another study done in South Africa on patients aged 13 years and above, 

admitted to a referral hospital reported that 68.4 percent of patients had bacteraemia 

caused by S. aureus. About 20 percent of all cases in this study were caused by MRSA 

with 83.3 percent of mortality due to bacteraemia (Steinhaus et al., 2018). In addition, 

a study done in Ethiopia reported that bacteraemia was seen in 20.6 percent (35/170) 

of hospitalised malnourished children and S. aureus was the leading Gram-positive 

bacteria among the 24 Gram-positive isolates out of 35 (Abrha et al., 2011). A study 

done in Tanzania on hospitalised malnourished children in Mwanza reported that a 

point prevalence of bacteraemia caused by S. aureus was 13.9 percent (56/402) and 

mortality was observed among the severely malnourished children (Ahmed et al., 

2017). Further, this study also revealed that S. aureus was the commonest Gram-

positive bacterium detected with 50 percent being MRSA (Ahmed et al., 2017). A few 

studies conducted in Africa have also revealed that there is a higher incidence of S. 

aureus infection in Africa than in industrialised countries. The annual incidence of S. 

aureus bacteraemia in South Africa was 3.28 cases per 1000 hospital admissions while 
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in Mozambique the incidence per 100,000 child-years, was 1730/10 in children less 

than one year old, 782/10 in one to four years old and 49/10 in five years old and older 

children (Sigauque et al., 2009; Naidoo et al., 2013; Schaumburg et al., 2014). In 

Kenya (Kilifi), the annual incidence of bacteraemia was 27 cases per 100,000 persons-

years among children less than five years old (Berkley et al., 2005). In general, 

infections caused by MRSA in most cases have been associated with high morbidity 

and mortality (Blomberg et al., 2007; Kayange et al., 2010; Mhada et al., 2012; Ahmed 

et al., 2017). In most developing countries, treatment of MRSA is a challenge because 

it may require antibiotics which are usually not available in these countries (Ahmed et 

al., 2017). In Zambia, MRSA isolates from patients at University Teaching Hospital, 

showed high multi-drug resistance (Samutela et al., 2017) and infections caused by 

such strains may be difficulty to treat or manage. 

 

2.8.1.2  Staphylococcal food poisoning (SFP) 

SFP is an intoxication that results due to consumption of foods containing sufficient 

amounts of one, or more preformed staphylococcal enterotoxins (SEs) (Dinges et al., 

2000; Le Loir et al., 2003). The SE dose that can cause illness is typically reported to 

require a S. aureus population of 105 to 108 CFU/g to be present in food (Seo and 

Bohach 2007; Pinchuk et al., 2010). SFP is one of the most common food-borne 

diseases throughout the world. However, the true incidences of SFP may probably be 

underestimated for various reasons, such as misdiagnosis, unreported minor outbreaks, 

improper sample collection and improper laboratory diagnosis (Argudin et al., 2010). 

In Sub-Saharan African countries such as Zambia, data on SFP is limited or not 

existing probably because of lack of specialised laboratories, sufficient expertise, 

surveillance programmes and, poor reporting of food related-illness.  

 

Different types of foodstuffs have been responsible for SFP outbreaks globally. Milk 

and dairy products, meat and meat products, poultry and egg products, bakery 

products, ready to eat foods, more especially ice cream-filled pastries, cakes and 

sandwich fillings have been more frequently found involved in SFP (Seo and Bahach, 

2007; Argudin et al., 2010; Hennekinne et al., 2012). Salted foods, including ham have 

also been involved in SFP (Qi and Miller, 2000). The notable outbreaks of SFP 

involving milk and milk products include an SFP outbreak which affected over 13,000 
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people in Japan (Asao et al., 2003), an SFP outbreak at a Christening party in Germany 

where 13 cases were reported (Fetsch et al., 2014) and the SFP outbreak at a Swiss 

boarding school, involving 14 persons who consumed cheese (Johler et al., 2015).  

 

The foodborne disease burden caused by S. aureus in Africa is difficult to estimate 

because of limited data. However, considering the poor food handling and hygiene 

during production and processing of food, unhygienic environments coupled with 

inadequate or lack of cooling facilities in most African countries, SFP and other 

foodborne diseases may likely occur. One example for an SFP outbreak in Africa 

involved 53 Bulawayo City Council employees in Zimbabwe in 2014, after eating 

contaminated stewed chicken at a workshop (Gumbo et al., 2015). The hands and nails 

of the food handlers were implicated in this SFP outbreak. Further, another SFP 

outbreak reported in Africa, involved 37 cases after eating contaminated chicken in 

Tswane district, Gauteng province in South Africa (Ntshiqua et al., 2016). A study in 

Kenya on 42 districts investigated food poisoning outbreaks involving 926 people 

from 1970 to 1973 and reported 13 confirmed outbreaks by identification of causative 

agent. Out of these, five outbreaks were confirmed as SFP outbreaks (Ombui et al., 

2001). This study identified low reporting, poor diagnosis and confirmation of the 

causative agent of the few reported cases as challenges Kenya faced (Ombui et al., 

2001). These challenges are also likely to be faced by other African countries as well. 

Therefore, there is need for African countries to improve on reporting foodborne 

outbreaks, outbreak investigations and diagnosis of S. aureus. 

 

2.8.1.3 Clinical signs of SFP  

Staphylococcal Food Poisoning disease is characterized by a short incubation period 

of about two to eight hours and may include nausea, violent vomiting, and abdominal 

cramps with or without diarrhoea. The disease is usually self-limiting and may resolve 

within 24 to 48 hours after onset. In some cases, it can be very severe resulting in 

hospitalization of the patients especially when infants, elderly or debilitated persons 

are involved (Murray, 2005). Sometimes, death may occur from severe dehydration 

and loss of electrolytes. 
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2.9 Diagnosis of S. aureus  

There are various methods available for diagnosis of S. aureus from human and animal 

samples which include isolation and morphology (Phenotypic) identification on solid 

media, Gram stain, catalase and coagulase tests, biochemical tests and molecular 

characterisation.  

 

2.9.1 Phenotypic identification 

 

2.9.1.1  Morphological identification of S. aureus  

Conventional identification of S. aureus from milk is based on bacteriological culture 

of samples, including examination of bacterial colony morphology and haemolysis 

type on blood agar after incubation for 24 hours at 37ºC, Gram stain morphology, 

catalase and coagulase reaction (Hogan et al., 1999). Mannitol salt agar (MSA) and 

Baird Parker agar (BPA) are some of the recommended selective media by the food 

safety agencies and international standardisation bodies for isolation of S. aureus 

strains (Hyun-jung and Se-Wook, 2010). Capurro et al. (1999) reported that all S. 

aureus isolates in their study were able to ferment mannitol. As a result of fermentation 

of Mannitol, the colonies appear yellow with yellow zones on MSA plates. MSA with 

antibiotics such as cefoxitin can be used for isolation of MRSA strains (Tenhagen et 

al., 2014). Tellurite in BPA is reduced by S. aureus and this leads to formation of grey-

black shinny colonies usually with clear zones around them on BPA plates which are 

caused by proteolysis (Baird-Parker 1962). In addition, haemolysis is considered an 

important feature for rapid identification of S. aureus in blood cultures, and three types 

of haemolysis (complete, incomplete, and a combination of these which is known as 

double haemolysis) can be seen among S. aureus mastitis isolates (Hogan et al., 1999). 

On the other hand, Boerlin et al. (2003) reported that all 159 S. aureus isolates from 

bovine mastitis demonstrated haemolysis. However, Younis et al. (2000) reported that 

out of 400 S. aureus isolates, 62.7% were found to be non-haemolytic. Further, Lam 

et al. (1995) reported that haemolysis had been found to be less effective in identifying 

S. aureus than a combination of other tests. Due to the variations seen in the results of 

culture methods, such as different colony morphology and haemolysis patterns of 

different S. aureus strains, we cannot rely on these criteria only when identifying S. 

aureus. 



33 

 

 

2.9.1.2 Biochemical identification of S. aureus 

Coagulase production is an important feature used also by clinical microbiology 

laboratories for the identification of S. aureus strains isolated from infections (Goh et 

al., 1992). Since S. aureus bacterium is known to be coagulase positive, coagulase 

tests are used to differentiate S. aureus from CNS (Becker et al., 2014). Coagulase 

positive isolates are considered presumptive S. aureus isolates until they are 

confirmed. The tube coagulase test for the detection of free coagulase is considered 

the standard method for differentiating S. aureus from CNS. However, this test is time 

consuming and requires incubation for 4 to 24 hours (van Griethuysen et al., 2001). 

Further, agglutination tests have been developed for a more rapid detection of 

presumptive S. aureus (Essers et al., 1980).  

 

2.9.2 Genotypic identification of S. aureus  

 

2.9.2.1 Genome of S. aureus 

The genome of S. aureus is about 2.8 to 2.9 Mbp in size with a guanine-plus-cytosine 

(G+C) content of about 33 percent (Baba et al., 2008; Hishinuma et al., 2016). Further, 

comparative studies revealed that most regions of the staphylococcal genome are well 

conserved, whereas several large sequence blocks display high variability (Baba et al., 

2008). In addition, a study on two MRSA stains (N315 and Mu50 isolated in 1982 and 

1997 respectively) revealed that the S aureus genome is composed of a complex 

mixture of genes (Kuroda et al., 2001) which could have been acquired probably 

through horizontal gene transfer (Baba et al., 2008). The study done by Kuroda et al. 

revealed that most of the antibiotic resistant genes were carried by plasmids or mobile 

genetic elements including a unique resistant island. Further, this study identified three 

classes of pathogenicity islands in the genome: a toxic-shock-syndrome toxin island, 

an exotoxin island, and an enterotoxin island (Kuroda et al., 2001). In the exotoxin and 

enterotoxin islands, clusters of exotoxin and enterotoxin genes were found to be 

closely linked with other gene clusters encoding putative pathogenic factors (Kuroda 

et al., 2001).  
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2.9.3 Characterisation of the enterotoxigenic potential of S. aureus  

Isolation, identification and enumeration of S. aureus in food are important steps in 

the diagnosis of SFP. Numbers of at least log 5 CFU/gram-1 of S. aureus in food is 

usually confirmatory of SFP (Seo and Bohach 2007; Pinchuk et al., 2010). SEs can be 

detected by biological, immunological and molecular methods. The use of rhesus and 

cynomologous young monkey has successfully been used to detect SEs (Cauvin et al., 

2015). Oral administration of SEs in these monkeys will cause emesis which is a 

biological detection method. However, ethical issues, expenses including resistance to 

SEs are some of the factors making this method to be a drawback (Bergdoll and Wong, 

2006). One of the commonly used immunological methods for detection of SEs is the 

micro-slide gel double diffusion, reversed passive latex agglutination (RPLA). The 

sensitivity of this method is approximately 0.01 to 0.02 µg/ml and it is very possible 

to detect very low enterotoxins hence the application of this sensitive technique to 

detect SEs during outbreak investigations (Bergdoll and Wong, 2006). For food 

samples, ELISA are mainly used. Ridascreen kit and vidas methodology is used in 

Europe mostly and it is possible to detect SEs below the level 0.001 µg/ml of 

contaminated food (Freed et al., 1982). However, the limitations and drawback of 

immunological methods include the fact that it is difficult and expensive to prepare a 

highly purified antibodies against the SEs which are required for immunological tests 

(Hennekinne et al., 2011). Further, peroxidase, protein A and other endogenous 

substances in food may affect the specificity of immunological methods. Only SEA-

SEE have been successfully detected with immunological methods since antibodies 

for other SEs or SEI are still under development (Benett and Hait, 2011). Molecular 

methods have also been used to extract S. aureus DNA from food directly or cultures 

and then testing for the presence of enterotoxin genes. It is possible to examine many 

enterotoxin genes simultaneously in a single PCR run using multiplex PCR. However, 

the presence of enterotoxin genes does not automatically mean that toxins are formed 

in food and this is one of the drawback of this method. Molecular assays reduce time 

and gives valuable information about enterotoxigenic potential of S. aureus (Morandi 

et al., 2007; Kim et al., 2011; Haiti et al., 2014). It is also possible to quantify S. aureus 

in the dairy food and other foods by real time PCR (Hein et al., 2005; Alavco’n et al., 

2006). This could be the first step in the diagnosis of SFP. 
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2.10  Control of S. aureus in the dairy value chain 

Good hygienic practices at farm level play a significant role in reducing mastitis cases 

and contamination of raw milk. Washing of milker’s hands with soap and cleaning the 

udder with water or sanitizing solutions and, drying with individual towels, preferably 

disposable towels, are highly recommended for preventing the spread of S. aureus 

infections between cows (Vestweber et al., 1994; Roberson et al., 1999; Sears et al., 

2003). Hygienic handling of milk with respect to quality and safety has received a 

great concern around the world (Lemma et al., 2018). This is especially true in 

developing countries where production of milk and various milk products usually takes 

place under unsanitary conditions and poor production practices (Azeze and Tera, 

2015). Production of milk and dairy products for consumers requires good hygienic 

practices along the entire value chain (Getachew, 2003).  

 

There are several efforts by some African countries to try and help dairy farmers to 

produce good quality and safe milk for customers (FAO, 2011). For African countries 

such as Zambia with a developing dairy sector, can learn from Kenya regarding milk 

safety programmes. Certification of farmers through training in milk quality and safety 

has significantly benefited both the producers and consumers in Kenya (Kaitibie et al., 

2009).  The main dairy regulatory body in Kenya is the Kenya Dairy Board (KDB) 

which has the responsibility to licence all dairy premises, monitor the quality and 

safety of dairy foods, and inspects milk processing plants (Jabbar and Grace, 2012). In 

addition, the KDB initiated training programmes in good manufacturing practices 

(GMP) at the dairy training institute for all the dairy value chain stakeholders to 

improve hygiene and safety of milk. Further, milk safety is implemented through food 

safety standards and regulations for milk and milk products (Kaitibie et al., 2009), 

mainly by law through the dairy industry and public health acts. Other efforts made by 

Kenya include registration of primary producers, considering permits for 

transportation of milk from one point to another; giving licences for the sale of milk 

and milk products; setting specific materials and standards for the dairy equipment 

used; certifying premises for milk sales by public health officials; inspecting milk 

handling personnel to ensure they adhere to public health requirements; and licencing 

of dairy managers after meeting education standard requirement (FAO, 2011).  
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Milk safety in the Zambian dairy sector is regulated by the laws through the food and 

drugs act, and public health act among several laws (Laws of Zambia). Under public 

health act, all food handlers including milk handlers are supposed to undergo medical 

examination and if they pass are given permit or licence to handle food. In addition, 

all premises handling food are required by law (public health act) to be inspected and 

certified fit for the purpose by health inspectors. However, there are challenges in the 

implementation of these regulations and this has resulted in some food handlers such 

as milkers and workers at milk collection centres including supermarket not 

undergoing regular medical examinations in some cases as required by the law and, 

some premises handling food are not inspected regularly as well. The Zambia Bureau 

of Standards (ZABS) is a Zambian body responsible for checking that standards of 

products including food such as milk and milk products to certify that they meet the 

requirements by law especially for exports (https://www.zabs.org.zm). 

 

After the government of the Republic of Zambia privatised the Dairy Produce Board 

(DPB) which was responsible for marketing the dairy products in Zambia in 1991, the 

dairy sector was deregulated. This made the private milk processing companies to 

establish a new quality-based raw milk pricing. Prices are calculated using complex 

formulas based on parameter including bacterial counts and butterfat content among 

others (Neven et al., 2006). Milk processors such as Parmalat uses three grades of milk 

(grade A, B and C) to describe milk standards, and grade A usually attracts good price 

for farmers meeting this standard. This good price has influenced some famers to 

improve milk standards and safety as an incentive. In Zambia, grade A milk must have 

a total plate count (TPC) of 50,000 CFU/ml (Yambayamba and Zulu, 2011). The legal 

maximum required bacterial colony count limit by law for raw milk in Zambia is 

200,000 CFU/ml (Kunda et al., 2015). In most countries in Africa including Zambia, 

milk collection centres and milk processing plants implement raw milk-quality control 

measures by using quality tests such as lactometer (to check for milk adulteration) and 

alcohol test (to check for milk fermentation) (Gwandu et al., 2018; Phiri et al., 2021). 

In some African countries such as Ethiopia, there are some quality standards for whole 

milk (composition and bacteriological) (Ethiopian Standard, 2009). 
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It is recommended that milk and its products should be refrigerated immediately after 

production to prevent multiplication of bacteria such as S. aureus. The ideal 

refrigeration temperature for S. aureus is below 5°C as the bacterium can grow, 

multiply and even produce SEs at temperatures from 7°C to 45°C (ICMSF, 1996; 

Stewart, 2003). Pasteurisation or boiling of milk remains the first step in killing the S. 

aureus bacteria in the milk to ensure milk safety. Milk should be boiled at above 60°C 

to inactivate S. aureus since extremely heat resistant strains could even survive at 60°C 

(Nema et al., 2007).  
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CHAPTER THREE 

 

MATERIALS AND METHODS 

 

3.1 Study design 

Observational studies were conducted between 2016 to 2018 in Western, Southern and 

Lusaka provinces of Zambia (Figure 4). The aim of the current study was to assess the 

milk handling hygiene practices and study the characteristics of S. aureus associated 

with the dairy value chain mainly supplied by smallholder and traditional dairy 

farmers.  

 

3.1.1 Study site 

The study provinces were selected because of high dairy cattle populations and 

differences in agro-ecological conditions. Another reason for the choice of these study 

provinces was that the milk production systems and practices were different in three 

provinces. In the Western and Southern provinces of Zambia, cattle rearing was 

predominantly traditional although smallholder and commercial farmers are also 

found, while Lusaka province had mainly commercial and smallholder dairy farmers 

who at least followed modern management systems of cattle rearing and keep mainly 

improved breeds of dairy cows.  

 

 

 

 

 

 

 

 

 

Figure 4: Map of Africa showing position of Zambia and inset map showing study 

provinces in Zambia. Maps were taken from https://yourfreetemplates.com and were 

modified. 
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3.1.2 Sample size calculation 

The minimum sample size for the farms sampled was calculated using the following 

formula as described by Cochran (Cochran, 1963; Bartlett, 2001; Israel, 1992): 

𝒏𝟎 =
𝒛𝟐×𝒑(𝟏−𝒑)

𝒆𝟐   

Where, 

𝒏𝟎 - Sample size, which was estimated 

𝒛𝟐 - Selected critical value of desired level of confidence 

or risk 

𝒑 - Estimated proportion of an attribute that is present in 

the population or maximum variability of the 

population 

𝒆 - Desired level of precision or margin of error  

The following values were used for estimating the sample size: 

𝒛𝟐 - 95% confidence level (the value of (1-) in standard 

normal distribution z-table, which is 1.96 for 95%) 

𝒑 - 50% variability of the population (which is maximum) 

𝒆 - 5% margin of error 

Values were added into the given formula: 

𝒏𝟎 =
(𝟏. 𝟗𝟔)𝟐 × 𝟎. 𝟓(𝟏 − 𝟎. 𝟓)

(𝟎. 𝟎𝟓)𝟐
= 𝟑𝟖𝟒. 𝟏𝟔 

 

In this study, a minimum of 384 farms in Lusaka, Western and Southern provinces 

were planned to be visited for sampling. However, this sample size depended on the 

farm owner’s willingness to participate in the study. The assumption was that all the 

farms targeted would be willing to participate. However, the total number of actual 

farms visited and sampled was 226. Other facilities visited and sampled were 62 in 

total and included MCCs (11), Traditional markets (3), Supermarkets (30), milk 

Processing Plants (3) and informal milk traders (15). These other facilities were 

selected purposively and the total number of all facilities visited and sampled was 288. 

 

3.1.3 Sampling plan (including interviews) 

Milk samples were drawn from various selected smallholder and traditional dairy 

cattle farms (from cows with clinical mastitis and normal looking health cows), milk 
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traders and MCCs. Milk and milk products (pre-processed milk/sour milk) were also 

collected from milk processing plants, traditional markets and supermarkets/shops. 

Further, environmental water, swabs from milk buckets, nasal and hands of milkers 

from selected farms were sampled as well.  

 

Sampling was done in selected districts targeting Mongu and Limulunga districts in 

Western Province, Chilanga, Chongwe and Lusaka districts in Lusaka Province and 

Choma in Southern province. These districts were selected because of their active 

dairy farmers and milk collection centres in milk production and handling respectively. 

Farmers and other stakeholders/facilities along the dairy value chain were identified 

with the help of Veterinary Officers in the study provinces according to their milk 

production and handling activities and a list of active farmers and other 

stakeholders/facilities was generated. Participants were then randomly selected from a 

list generated based on their willingness to participate in the study. In addition, the 

inclusion criteria for an individual animal at farm level in the sampling, was evidence 

of clinical mastitis. A total of 11 MCCs were visited for sampling in the three study 

provinces (2 in Western, 3 in Lusaka and 6 in Southern) and these MCCs were selected 

based mainly on the huge volumes of milk they handle, big number of active members 

and willingness to participate. 

 

Sampling was done as follows: 

a) Primary production (farm level)  

b) Along the dairy value chain: MCCs, milk processing plants and milk traders 

c) Traditional markets (informal markets) 

d) Supermarkets/shops (retail level) 

 

In addition to sampling, selected stakeholders along the dairy value chain including 

farmers, milk collection centres, milk traders, supermarkets and consumers were 

interviewed using questionnaires. 
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Figure 5: Interaction with local farmers and field sample collection. A) Typical 

traditional dairy farm; B) Milking at traditional dairy farm; C) Typical smallholder 

dairy farm; D) Milking at smallholder dairy farm; E) A milker pooling milk at 

smallholder farm; F) Collecting milk samples; G) Collecting milk bucket swab; H) 

Collecting water sample; I) Collecting hand swab from a milker; J) Collecting nasal 

swab from a milker. 

 

3.2 Sample collection  

The inclusion criterion of participants to be included in the study was the willingness 

to participate in the study.  

 

Table 2: Facilities and types of samples collected in the three study provinces during 

the first and second field visits 

Facility Sample type Lusaka  Western  Southern  

1. visit 

(28-11-

2017 to 

06-12-

2017) 

2. visit 

(28-02-

2018 to 

08-03-

2018) 

1. visit 

(07-08-

2017 to 

12-08-

2017) 

2. visit 

(29-12-

2017 to 

04-01-

2018)  

1. visit 

(21-09-

2017 to 

28-09-

2017) 

2. visit 

(29-01-

2018 to 

03-02-

2018) 

Farms (84, 

46, 96 per 

province, 

respectively) 

Pooled raw 

milk 

84 84 46 46 96 96 

Raw milk 

from mastitis 

cows 

4 4 0 0 3 3 

Water 84  46  96  

Nasal swabs 84  46  96  

Hands swabs 84  46  96  

Milk bucket 

swabs 

84  46  96  

Milk 

collection 

centres (3, 2, 

6 per 

province, 

respectively) 

Bulk raw 

milk 

3 3 2 2 6 6 
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Milk traders 

(5 per 

province) 

Pooled raw 

milk 

5 5 5 5 5 5 

Milk 

processing 

plants (1 per 

province) 

Unprocessed 

raw milk 

1 1 1 1 1 1 

Pre-

processed 

milk 

1 1 - 1 - 1 

Sour milk 1 1 - 1 - 1 

Traditional 

markets (1 

per province) 

Unprocessed 

raw milk 

10 10 - 10 - 10 

Pre-

processed 

milk 

10 10 - 10 - 10 

Traditional 

sour milk 

10 10 - 10 - 10 

Super-

markets/ 

shops (10 

per province) 

Processed 

(Pasteurised) 

milk (fresh 

milk) 

33 33 - 19 - 20 

UHT-treated 

(sterilised) 

milk 

28 28 - 12 - 24 

Sour milk 34 34 - 15 - 23 

Cheese 24 24 - 12 - 20 

All facilities Sub total 

number of 

samples 

584 248 238 144 495 230 

 

Table 3: Summary of numbers of facilities visited and total number of samples 

collected in the three study provinces during the two field visits 

Number of 

facilities 

sampled 

Total 

number of 

samples 

Lusaka 

(number of 

samples) 

Western 

(number of 

samples) 

Southern 

(number of 

samples) 

288 1,939 832 382 725 

 

3.2.1 Farm level 

At farm level, the study targeted smallholder and traditional dairy farmers. A total of 

226 dairy farmers (Western 46, Southern 96 and Lusaka province 84) were visited to 

collect samples (Figure 5) in wet and dry seasons. One milker willing to participate in 

the study was selected among milkers at each participating farm especially those 

milking mastitis cows. In order to be able to collect samples from milkers, permission 

(Ethical clearance) was sought from ERES CONVERGE in Zambia (Appendix A1). 

In addition, consent was also obtained from participating milkers and farmers before 
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interviewing them and sampling Appendix B). The following samples were collected 

aseptically from each participating farm in the three provinces during the study period: 

1. One sample of pooled raw milk (50 ml). 

2. One swab from the milk can/bucket/container. 

3. One swab from the hands of one milker. 

A sampling area on the palm of the hand of each of the participating milker was selected 

and swabbed by rubbing and rolling the wet swab firmly several times across the 

sampling area on the palm. This process was repeated on the other hand using the same 

swab. Then, the swab was returned into the tube and the lid was tightly closed.  

4. One nasal swab from one milker. 

 

From the same milker whose hands were swabbed, a nasal swab was taken. In case the 

selected milker had excessive mucous because of flu, he was asked to blow his nose 

to remove excessive nasal secretions to allow the swab to firmly touch the nasal 

surfaces. Each participating milker was asked to tilt his head back and a swab was 

inserted approximately 1-2 cm into one nostril and then rotated against the inside of 

the nostril for approximately three seconds while applying slight pressure with a finger 

on the outside of the nose to ensure good contact between the swab and the inside of 

the nose. This procedure was repeated for the second nostril using the same swab, 

trying not to touch anything but the inside of the nose. Then, the swabs were placed 

into the plastic transport tube all the way into the bottom of the tube while making sure 

the cap was seated tightly.  

5. One environmental water sample (50 ml) from water used for cleaning the 

udders of cows, milking vessels and milkers’ hands. Water samples were 

collected from the source, using a sterile 50 ml falcon tube. 

6. One sample of milk (50 ml) from individual cows with clinical mastitis where 

possible (especially if the participating farm had at least one case of mastitis). 

 

Two sampling visits were made to farms in the study provinces during the study period 

to collect samples. However, the second sampling visit targeted collection of milk 

samples only. All the samples were transported in cooler boxes packed with ice from 

the field to Veterinary offices or at veterinary assistant’s home or at MCC in the three 

study provinces with deep freezer where samples were put at -20°C until being 
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transported to University of Zambia (UNZA) Microbiology laboratory. On the 

transportation day to UNZA, all the samples were removed from the freezer and 

immediately again placed in cooler boxes packed with ice packs and transported to the 

Microbiology laboratory in Lusaka from the three study provinces and put in -20°C 

freezer until the day for laboratory analysis.  

 

3.2.2 Milk collection centres (MCCs) 

MCCs in the study were selected purposively. The inclusion criterion was the 

willingness of the individual MCC (manager or supervisor) to participate in the study. 

A total of 11 MCCs (three in Lusaka, two in Western and six in Southern provinces) 

were visited twice to collect samples (Figure 6). The following samples were collected 

from each selected MCC in the three study provinces: 

1. One sample of pooled raw milk (50 ml) from a bulk tank (with milk from 

different farms). 

Figure 6: Delivery of pooled milk to milk collection centre. A) Farmer delivering 

milk by bicycle; B) Milk delivery by vehicle; C) Trader delivering milk. 
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3.2.3 Milk processing plants 

A total of three milk processing plants (one plant in each province) which were willing 

to participate in the study were visited twice during the study period (Figure 7). The 

following samples were collected from a bulk tank from each selected milk processing 

plant in the three provinces: 

1. One sample of pooled raw milk (50 ml) from bulk tank with raw milk just 

delivered milk from milk collection centres.  

2. One sample of pre-processed milk (50 ml) before a final product mainly sour 

milk is produced.  

3. One packet (different sizes) of sour milk as sample of a finished product.  

 

 
                                        Figure 7: Milk collection at processing plant  

 

3.2.4 Milk traders 

A total of 15 milk traders (five milk traders in each province) in all the three study 

provinces were visited twice in areas where they normally sale their milk (Figure 8). 

The following samples were collected from each selected milk trader in the three 

provinces: 

1. One sample of pooled raw milk (50 ml). 
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                                      Figure 8: Collecting pooled milk from a trader 

 

3.2.5 Traditional markets 

A total of three traditional markets in the three provinces (targeting 30 milk sellers 

with 10 in each province) were visited twice in Lusaka province and once in Western 

and Southern provinces during the study period (Figure 9, B and C). Traditional 

markets mean informal open markets where commodities such as food are sold by 

sellers mainly women. The following samples were collected from each selected seller: 

1. One sample of pooled raw milk (50 ml). 

2. One sample of pre-processed milk (50 ml), collected at homes of the sellers.  

3. One sample of a traditionally processed product (sour milk, 50 ml).   

 

3.2.6 Supermarkets/shops (retail) 

A total of 30 supermarkets/shops (10 in each province) were visited to purchase and 

collect milk and milk products samples during the study period (Figure 9, D). 

Supermarkets are defined as retail shops where goods or commodities are sold in a 

formal orgaised way. In Western and Southern provinces, the supermarkets/shops 

were visited once and in Lusaka province two visits were made to collect samples. The 

following samples were collected from each selected supermarket/shop: 

      1.   One packet of each processed fresh milk type. 

2. One packet of each UHT-treated milk type.  

3. One packet of each of sour milk type. 

4. One packet of each cheese type.  
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Figure 9: Buying milk and milk products. A) Buying from a trader; B & C) Buying 

sour milk from traditional markets; D) Buying from a supermarket. 

 

3.3 Survey on milk handling and hygienic practices 

A field survey was conducted in parallel with sample collection to receive information 

about milk handling, hygiene and milk safety practices of stakeholders at the selected 

facilities along the dairy value chain in Lusaka, Western and Southern provinces of 

Zambia in order to link to S. aureus maintenance, spread, and transmission. A total of 

212 individual smallholder and traditional farmers who were willing out of 226 (70 

farmers out of 84 in Lusaka , 46 in Western and 96 in Southern provinces) (Figure 10), 

15 milk traders (five in each province), 11 MCCs (three in Lusaka, two in Western and 

six in Southern provinces), 35 supermarkets (15 in Lusaka, 10 in Western, 10 in 

Southern provinces) and 126 consumers (30 in Lusaka, 42 in Western and 54 in 

Southern provinces) were interviewed using structured questionnaires Appendix C1-

5). The criteria for choosing milk consumers was based on the frequency of buying 

and consuption of milk including willingness to participate in the interview. Milk 

processing plants and sellers at traditional markets were not included in the survey.  
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                                Figure 10: Traditional farmer answering questionnaire. 

 

3.4 Microbiological methods  

Sterile equipment and media (autoclaved) were used and all work was done in a 

microbiological safety cabinet using aseptic techniques. Field samples were analysed 

as indicated in the organogram below (Figure 11). Total plate count (TPC) and 

isolation of presumptive S. aureus was performed at the Microbiology Laboratory in 

the Veterinary School at the University of Zambia (UNZA) in Zambia in the 

Department of Paraclinical studies. 
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Figure 11:  Field sample analysis organogram. Please note that TPC was only done for 

samples from Lusaka province. PCA: plate count agar; TPC: total plate count; MHB: 

Muller Hinton broth; TSB: tryptic soy broth; MSA: mannitol salt agar; BHI: brain 

heart infusion agar; cef: cefoxitin; az: azetreonam.  

 

3.4.1 Total plate count (TPC) 

TPC was done according to international standards (ISO 4833-1:2013). Dilutions were 

made on milk, sour milk, and cheese samples. To do this, 1 ml of each liquid sample 

(milk, sour milk) and 1 g of solid sample type (cheese) were serially diluted from 10-1 

to 10-7 dilutions by adding 1 ml or 1 g of each sample after vortexing and homogenising 

if positive 

Pre-enrichment: 25 ml milk or 

water in 225 ml MHB + 6% NaCl;  

swabs in 9 ml MHB + 6% NaCl  

(20 h, 37°C)  

Selective enrichment: 

1 ml pre-enrichment cultures 

in  9 ml TSB + cef + az  

(20 h, 37°C) 

Subculture on MSA + cef 

(20 h, 37°C) 
Subculture on MSA 

(20 h, 37°C) 

Subculture on BHI agar 

(20 h, 37°C) 

Production of glycerol stocks  

(20% glycerol), storage at –20°C 

Confirmation and 

characterisation at the BfR 

Shipment to Germany 

Production of stab cultures in  
BHI agar 

Milk, sour milk 

and cheese: TPC,  

1 ml of diluted 

sample on PCA  

(72 h, 30°C) 

Tube coagulase test 

Samples 
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it, respectively, into 9 ml of buffered peptone water (BPW) in a test tube (Appendix 

D7). 

 

From every dilution of each sample type (liquid and solid), 1 ml was added on a sterile 

petri dish/plate in duplicates. Then about 15 ml of autoclaved plate count agar (PCA) 

was cooled at room temperature to approximately 44–47°C and poured on the plates 

(Appendix D12). The plates were incubated for approximately 72 hours at about 30°C 

to allow bacteria to grow inside the media. All the colonies from two consecutive 

dilutions which allow for counting (minimum five colonies and maximum 300 

colonies) were counted and the results were recorded. Then the total TPC was 

calculated using the following formula from ISO 7218: 2014-02. 

 

𝐂𝐨𝐥𝐨𝐧𝐲 𝐟𝐨𝐫𝐦𝐢𝐧𝐠 𝐮𝐧𝐢𝐭 (𝐂𝐅𝐔/𝐦𝐥) =
∑𝑪

𝑽 × (𝒏𝟏 × 𝟏 + 𝒏𝟐 × 𝟎. 𝟏)
× 𝒅 

Where: 

∑C - Sum of all counted colonies identified on all the 

plates with the two consecutive dilutions 

V - Volume of the sample inoculated (inoculum) on 

each dish, in ml 

d - Dilution factor counted 

n1 - Number of dishes selected at first dilution 

n2 - Number of dishes selected at second dilution 

 

Only the TPC of samples from Lusaka province were analysed and calculated because 

sample collection here took only approximately 30 to 40 minutes before samples were 

put in deep freezer at approximately -20°C and, the average environmental 

temperature was approximately around 26°C during the sampling period in most cases. 

Samples from Western and Southern provinces could not be enumerated for TPC 

because it took at least one hour and 30 minutes or more to have the samples frozen 

because of long distances from sampling sites and also due to bad roads and floods 

which made transportation of field samples difficult. The average environmental 

temperatures in Western and Southern provinces were approximately 38°C or more in 

some cases during the sampling period. These conditions would favour the rapid 
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growth and multiplication of bacteria in the milk and its products and as such TPC 

could not be done in these two provinces. 

 

3.4.2 Isolation of presumptive S. aureus 

To detect S. aureus, each 25 ml of water, milk or sour milk samples (liquid samples) 

or 25 g of cheese (solid samples) were after vortexing and homogenizing, added into 

225 ml of Muller Hinton broth (MHB) with 6% sodium chloride (NaCl), (Appendix 

D11) representing first pre-enrichment stage. The mixture was thoroughly mixed and 

incubated for approximately 20 hours at 37°C (Tenhagen et al., 2014). For hands, nasal 

and bucket swabs, each swab was transferred into 10 ml of MHB with 6% NaCl and 

incubated for about 20 hours at 37°C. After incubation, 1 loop ful (around 10 µl) of 

each overnight culture was inoculated onto mannitol salt agar (MSA) plates (Appendix 

D9) and incubated for 20 hours at 37°C. In addition, control strains BfR ST-0129 (S. 

aureus) and BfR ST-1164 (S. aureus) (Appendix E1) were also inoculated as a positive 

and negative control, respectively (Appendix E1) on MSA plates and incubated for 20 

hours at 37°C in the Microbiology Laboratory at UNZA. Single colonies of bacteria 

showing typical characteristics for S. aureus and control strains ST-0129 and ST-1164 

were inoculated further onto BHI agar (Appendix D5) for stability as the colonies are 

not stable on MSA after several days and the inoculated BHI agar plates were 

incubated for approximately 20 hours at 37°C. The colonies of presumptive S. aureus 

isolates from BHI overnight cultures and including control strains were also inoculated 

on BHI broth (Appendix D6) and Baird Parker Agar (BPA) (Appendix D4) and 

incubated at 37°C for approximately 20 minutes. Coagulase tube test was performed 

as described in Subsection 3.4.4 using the overnight BHI cultures. All coagulase 

positive colonies were considered as presumptive S. aureus isolates and were put in 

20% glycerol (Appendix D8) and stored at -20°C until shipping to Germany.  
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Figure 12: S. aureus colonies on MSA plates. A) Mannitol fermentation; B) No 

mannitol fermentation. 

 

 
Figure 13: Coagulase tube tests. A) Positive; B) Negative.  

 

3.4.3 Isolation of presumptive methicillin resistant S. aureus (MRSA) 

The isolation of MRSA was done according to protocol described by Tenhagen et al. 

(2014). To detect MRSA, 1 ml of the first pre-enrichment overnight cultures described 

above in Subsection 3.4.2 were transferred into individual 9 ml of tryptic soy broth 

(CASO) (Appendix 13) containing 3.5 mg/L cefoxitin (cef) (Sigma Aldrich) 

(Appendix D2b) and 75.0 mg/L aztreonam (az) (Sigma Aldrich) (Appendix D2a), 

second pre-enrichment and incubated for 20 hours at 37°C. Then 1 loopful of each 

overnight culture was inoculated onto MSA plates with cef (3.5 mg/l) (Appendix 10) 

and incubated for 20 hours at 37°C. Control strain BfR ST-0167 (MRSA) was used as 

a positive control and strain BfR ST-0129 (S. aureus) was used as negative control 

(Appendix E2). After incubation, the pure single colonies of bacteria showing typical 

characteristics for MRSA and of control strain BfR ST-0167 (Appendix E1) were 

inoculated on BHI agar plates and incubated for about 20 hours at 37°C. The overnight 
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cultures were inoculated into BHI broth (Appendix D6) and incubated as described in 

3.4.2. Then, coagulase tube test was performed as described in Subsection 3.4.4 and 

all coagulase positive samples were considered as presumptive MRSA isolates and 

were put in glycerol (Appendix D8) cultures as described in 3.4.2. The cultures were 

stored at -20°C until shipment.  

 

 
Figure 14: Reference strain for growth on MSA + cef. A) Growth (positive control); 

B) No growth (negative control). 

 

3.4.4 Coagulase tube test 

The coagulase tube test was done according to instructions from the rabbit coagulase 

plasma supplier (Sigma Aldrich, Germany). Single colonies from overnight BHI agar 

cultures described above in 3.4.2 and 3.4.3 were inoculated into 9 ml of BHI broth 

(Appendix D6) and incubated for approximately 20 hours at 37°C. Reference strain 

BfR ST-0129 (S. aureus) as positive control and reference strain BfR ST-0886 (S. 

epidermidis) (Appendix E5) as negative control (coagulase negative) were inoculated 

in the same way. After incubation, 0.5 ml of each overnight culture was mixed with 

0.5 ml of coagulase (rabbit plasma; Sigma Aldrich, Germany). The mixture was 

vortexed and then incubated at 37°C for 24 hours. The tubes were checked for 

coagulase positive tubes (clot formation) and negative tubes (no clot, suspension 

remain homogeneous) after 4 hours and, if negative were checked after 24 hours of 

incubation.  
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3.4.5 Preparation of stab cultures for shipment 

Autoclaved BHI agar was cooled at room temperature to approximately 65°C and was 

poured in 1.5 ml cryo vials and allowed to solidify at room temperature. After cooling, 

the BHI agar filled cryo vials were kept at 4°C until use. Some bacterial material from 

glycerol cultures of the presumptive S. aureus isolates (including presumptive MRSA) 

were spread out onto BHI agar plates and incubated at 37°C for about 20 hours. After 

incubation, two to three colonies of the overnight cultures were inserted into the BHI 

agar. The stab cultures were kept at room temperature for approximately 7 days until 

shipping day to allow growth of the presumptive S. aureus isolates.  

 

3.5. Spectrometric methods 

 

3.5.1 Confirmation of isolates using matrix-assisted laser desorption ionization 

mass spectrometry (MALDI-TOF MS)  

A MALDI-TOF MS (microflex LS, Bruker Daltonik, Germany) was used to do the 

first confirmation of the presumptive S. aureus isolates using instructions from the 

manufacturer. To do this, all the presumptive S. aureus isolates available as stab 

cultures were inoculated on sheep blood agar and incubated for 20 hours at 37°C. The 

overnight cultures were checked for growth and single colonies were analysed by 

MALDI-TOF MS in duplicates. For that, bacterial material was applied on the wells 

of a MALDI target plate by avoiding spreading the colony material beyond the 

individual well and not including too much material. Then, a single drop of the matrix 

a-cyano-4-hydroxycinnamic acid (HCCA, Bruker Daltonik, Germany) was dropped 

on each well and allowed to dry at room temperature. Mass spectrum data was acquired 

using the MALDI-TOF system and the Biotyper 3.4 software (Bruker Daltonik, 

Germany) in S. aureus check mode in particular. The score value for a presumptive S. 

aureus isolate to be confirmed as S. aureus by MALDI-TOF was ≥ 1.86. All isolates 

confirmed as S. aureus were inoculated on sheep blood agar and incubated for about 

20 hours at 37°C. After incubation, single colonies were transferred into a cryo vial 

containing sterile 800 µl of bacton peptone bouillon (BPB, Becton Dickinson, USA) 

(Appendix D3). Then, sterile 800 µl of 85% glycerol were added to make a cryo-stock 

of the isolates. The cryo-stocks were vortexed and stored at -20°C. 
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                   Figure 15: S. aureus colonies on sheep blood agar showing β haemolysis 

 

3.6 Molecular biological methods 

All molecular biological work was performed using sterile and nuclease free 

equipment, solutions and water. The working benches and DNA work stations were 

cleaned and disinfected with DNase free solution prior to working on benches to allow 

working in a sterile environment.  

 

3.6.1 DNA extraction (rapid extraction) 

S. aureus isolates from cryo-stock were inoculated on sheep blood agar and incubated 

for 20 hours at 37°C. The DNA was extracted from about two to six colonies of each 

S. aureus isolate by mixing isolates with 45 µl of Tris-EDTA (TE) low buffer (10 mM 

Tris-HCl (Merck, Germany) and 1 mM EDTA (VWR-Life Science, USA), pH 8.0) 

and 5 µl lysostaphin (1 mg/ml; Sigma Aldrich, USA). For negative control, 45 µl of 

TE low buffer and 5 µl lysostaphin were mixed without adding any bacterial material. 

The mixtures were incubated for approximately 45 minutes at about 37°C and 

subsequently put into a hot water bath at 95°C for 12 minutes. Then, the mixture was 

diluted by adding 200 µl of TE low buffer. All the DNA samples were stored at -23°C 

until further analysis. 
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Figure 16: Extracting DNA from S. aureus. 

 

3.6.2 Molecular biological confirmation of S. aureus and MRSA 

An in-house multiplex real time polymerase chain reaction (PCR) was used to screen 

the presumptive S. aureus and MRSA isolates for the presence of tuf (a marker gene 

for Staphylococcus species encoding the elongation factor EF-Tu), nuc (a marker gene 

for S. aureus encoding a thermonuclease), mecA (a marker gene for MRSA mediating 

methicillin resistance) and pvl (encoding the virulence factor Pantone-Valentine 

leucocidin) as adapted according to Kilic et al. (2010) and Kraushaar et al. (2017). 

Sequences of primers and probes used for the PCR assays are listed in Table 4. 

Multiplex PCR mix was prepared targeting all four genes in a single PCR run. Each 

single reaction of the multiplex PCR for one S. aureus isolate contained a mix of 1 µl 

of DNA template (DNA sample of individual isolate), 10 µl of 2 x SensiFAST Probe 

No-ROX Mix (Bioline, United Kingdom), 1.8 µl of nuclease free water (Gibco, United 

Kingdom), 0.8 µl of tuf-P1 (forward primer, 10 µM), 0.8 µl of tuf-P2 (reverse primer, 

10 µM), 0.2 µl of tuf-Probe (10 µM), 0.8 µl of nuc-P1 (forward primer, 10 µM), 0.8 

µl of nuc-P2 (reverse primer, 10 µM), 0.2 µl of nuc-Probe (10 µM), 0.8 µl of mecA-

P1 (forward primer, 10 µM), 0.8 µl of mecA-P2 (reverse primer, 10 µM), 0.2 µl of 

mecA-Probe (10 µM), 0.8 µl of pvltaqF (forward primer, 10 µM), 0.8 µl of pvltaqR 

(reverse primer, 10 µM) and 0.8 µl of pvlTAQT Probe (10 µM). The supplier for the 

nucleotides was Bioline (United Kingdom). The total volume of the single PCR 

reaction was 20 µl. DNA template of the reference S. aureus strain PC 115-1380 was 

used as positive control for all target genes. Further, DNase free water (Gibco, United 

Kingdom) was used as negative control. DNA amplification was done in a CFX96 real 

time PCR cycler (BioRad, Germany). The cycling conditions were as follows: initial 
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denaturation at 95°C for 15 minutes was followed by 35 cycles of amplification 

(denaturation at 95°C for 15 seconds and annealing plus elongation at 60°C for 60 

seconds) and finally followed by cooling at 4°C. All the PCR products were kept at 

4°C until agarose gel electrophoresis. 

 

Table 4: Primers and probes used for the multiplex detection of tuf, nuc, mecA and pvl 

genes 

Target 

gene 

Primer Sequence (5’ – 3’) Reference 

tuf Tuf-P1 AAACAACTGTTACTGGTGTAGAAATG Kilic et al., 2010 

Tuf-P2 AGTACGGAAATAGAATTGTG 

Tuf Probe 

(Texas Red) 

TCCGTAAATTATTAGACTACGCTGAAGC 

nuc Nuc-P1 GTTGCTTAGTGTTAACTTTAGTTGTA Kilic et al., 2010 

Nuc-P2 AATGTCGCAGGTTCTTTATGTAATTT 

Nuc Probe 

(Cal Gold 

540) 

AAGTCTAAGTAGCTCAGCAAATGCA Adapted from 

Kilic et al., 2010 

mecA mecA-P1 AAATATTATTAGCTGATTCAGGTTAC Kilic et al., 2010 

mecA-P2 CGTTAATATTGCCATTATTTCTAAT 

mecA Probe 

(FAM) 

CAAGGTGAAATACTGATTAACCCAGTA 

pvl pvltaqF AATGAAATGTTTTTAGGCTCAAGACA Fosheim et al., 

2011 pvltagR TGGATAACACTGGCATTTTGTGA 

pvlTAQ 

Probe (Cy5) 

AGCAACTTAAATGCTGGACAAAACTTCT

TGGAA 

Adapted from 

Fosheim et al., 

2011 

 

3.6.3 Amplification of spa by PCR for spa typing of S. aureus isolates  

PCR was applied to amplify the polymorphic X region of the gene for S. aureus protein 

A (spa) used for spa typing. Spa typing was done as described by Shopsin et al. (1999) 

and Kraushaar et al. (2017). Single reaction mix contained 10 µl of HS MyTaq Mix 

(Bioline, United Kingdom), 5 µl of Spa1095F (10 µM; Eurogentec, Belgium or 

Eurofins, Germany), 5 µl of Spa1517R (10 µM; Metabion, Germany or Eurofins, 

Germany), 29 µl of nuclease free water (Gibco, United Kingdom) and 1 µl of undiluted 

DNA (template). Primers used are indicated in Table 5. The total volume of the single 

PCR reaction was 50 µl (of each S. aureus isolate or of reference strain S. aureus DSM 

1104, as a positive control (spa positive) or water as negative control). DNA 

amplification was done in a 2720 Thermal Cycler (Applied Biosystems, USA). The 

cycling conditions were as follows: initial denaturation at 94°C for 5 minutes was 
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followed by 30 cycles of amplification (denaturation at 94°C for 30 seconds, annealing 

at 60°C for 30 seconds, elongation at 72°C for 30 seconds) followed by final 

elongation at 72°C for 5 minutes and cooling at 4°C. All PCR products were kept at 

4°C until gel electrophoresis that was done within the same day. 

 

3.6.4 Agarose gel electrophoresis  

PCR products were analysed by electrophoresis on 2% agarose (UltraPure agarose, 

Invitrogen USA). 5 µl of PCR product mixed with 2 µl of loading buffer (6x Loading 

Buffer BLUE, EURx, Germany) were loaded per well of the agarose gel (Appendix 

D1). In addition, 5 µl of DNA ladder (Hyperladder 50 bp, Bioline, United Kingdom) 

were loaded as marker in a separate well. Then, the gel was placed in an electrophoresis 

chamber filled with 0.5 M Tris-borate-EDTA (TBE) buffer containing 108 g of Tris 

(Merck, Germany), 55 g boric acid (Merck, Germany) and 40 ml of EDTA (VWR-

Life Science, USA) in 500 ml distilled water. Electrophoresis was performed at 90 

volts (V) for 40 minutes for a small gel and 180 V for 60 minutes for a bigger one. The 

gel was stained in ethidium bromide solution (10 mg/ml; Bio-Rad, USA) for 30 

minutes and washed in water for 10 minutes. The Gel Doc XR Imaging System (Bio-

Rad, USA) was used for documentation. The PCR products were stored at -21°C in 

the deep freezer until the day of DNA purification for sequencing.  

 

3.6.5 PCR product purification for spa typing 

A total of 45 µl of each PCR product were purified using the illustra GFX PCR DNA 

and Gel Band Purification Kit (GE Health care, Germany) according to the instructions 

of the manufacturer. The purified PCR products were eluted with 30 µl of water each 

and were stored at 4°C overnight or for longer period of storage at -21°C until they 

were prepared for spa sequencing. 

 

Table 5: Primers used in spa typing PCR 

Target 

gene 

Primer Primer sequences (5’ –  3’) Amplicon 

size (bp) 

spa Spa1095F AGACGATCCTCCGGTGAGC variable 

Spa1517R GCTTTTGCAATGTCATTTACTG variable 
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3.6.6 Sequencing of PCR products and spa typing 

For sequencing of the amplified spa fragment, 5 µl of water, 2 µl of forward primer 

(Spa1095F, 10 µM; Eurogentec) and 8 µl of purified DNA product of each isolate were 

mixed in 1.5 ml tubes. Sequencing was performed by Eurofins (Germany). Sequences 

were analysed using the Ridom StaphType software (Ridom GmbH, Germany) and 

the Ridom spa server (http://www.spaserver.ridom.de) to assign the isolates to the 

various spa types (Harmsen et al., 2003).   

 

3.6.7 DNA microarray analysis of S. aureus isolates 

DNA microarray analysis was done using the S. aureus Genotyping kit 2.0 from Alere 

Technologies (Jena, Germany). S. aureus isolates were inoculated on Columbia sheep 

blood agar and incubated at 37°C for 20 hours to prepare them for DNA extraction. 

After incubation, DNA was extracted from approximately one loop full (loop of 1 mm 

diameter) of bacterial material using the DNeasy Blood and Tissue Kit (Qiagen, 

Netherlands) according to the protocol of the Alere Genotyping kit 2.0. The DNA was 

eluted by adding twice 50 µl of elution buffer (10 mM Tris, 0.5 mM EDTA, pH 9.0; 

Qiagen). All the DNA samples were stored at -20°C until use. 

 

For the microarray, 5 µl of DNA were labelled with biotin-dUTP according to the 

instructions of the manufacturer (Jena, Germany). Preparation of the array strips, 

hybridisation (at 55°C), incubation with a streptavidin–horseradish peroxidase 

conjugate and washing were done in an Eppendorf Thermomixer Comfort as described 

by the microarray manufacturer. The arrays were analysed using ArrayMate reader 

(Alere Technologies) and the overall pattern was analysed automatically for the 

presence or absence of target genes, including genes for enterotoxins, virulence factors 

and antibiotic resistance. 

 

http://www.spaserver.ridom.de/
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                              Figure 17: Checking the data on the ArrayMate reader 

 

3.6.8 Next Generation Sequencing (NGS)  

DNA from S. aureus isolates used in the NGS was prepared as described in Subsection 

3.6.7 using the DNeasy Blood and Tissue Kit (Qiagen, Netherlands). Whole genome 

sequences were obtained by Next Generation Sequencing (NGS) using the Illumina 

MiSeq sequencing system, paired-end readings, and the Nextera DNA Flex Kit 

(Illumina) for the library preparation. Raw reads were trimmed using fastp v0.19.5 

(Chen et al., 2018) and de novo assembled using unicycler v0.4.4 (Wick et al., 2017). 

Phylogenetic trees were constructed using the S. aureus cgMLST v1.3 and S. aureus 

MLST v1.1 with Ridom SeqSphere + software (Ridom GmbH, Münster, Germany) as 

minimum spanning tree (MST) based on 1716 genes of the core genome.  

 

3.7 Determination of the antibiotic resistance profiles of S. aureus isolates   

Antimicrobial susceptibility test was conducted by microdilution method according to 

the instructions from Clinical and Laboratory Standards Institute (CLSI) guideline 

M07-A11 (CLSI, 2018). Resistance against against a total of 19 antibiotics were tested 

in the antimicrobial susceptibility test and these antibiotics including penicillin, 

cefoxitin, tetracycline, ciprofloxacin, sulphamethoxazole, trimethoprim, 

chloramphenicol, clindamycin, erythromycin, fusidate, gentamicin, kanamycin, 

linezolid, quinupristin/dalfopristin, rifampicin, streptomycin, tiamulin, mupirocin and 

vancomycin representing 16 groups of antimicrobials (Table 6). The results of 

antibiotic susceptibility tests were interpreted using the epidemiological cut off 
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according to the European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) (http://www.eucast.org). 

 

Table 6: Classes of antimicrobials used in the susceptibility test  

S/N Class Antibiotic 

1 Penicillins Benzylpenicillin 

2 Cephalosporins Cefoxitin 

3 Phenicoles (Amphenicoles) Chloramphenicol 

4 Quinolones Ciprofloxacin 

5 Lincosamides Clindamycin 

6 Macrolides Erythromycin 

7 Triterpen acid Fusidic acid 

8 Aminoglycosides Gentamicin 

 Aminoglycosides Kanamycin 

 Aminoglycosides Streptomycin 

9 Oxazolidinones Linezolid 

10 Pseudomonin acid Mupirocin 

11 Streptogramines Quinupristine/Dalfopristine 

12 Ansamycines Rifampicin 

13 Inhibitors of tetrahydrofolic acid 

sythesis 

Sulfamethoxazole 

 Inhibitors of tetrahydrofolic acid 

sythesis 

Trimethoprim 

14 Tetracyclines Tetracycline 

15 Pleuromutilines Tiamulin 

16 Glycopeptides Vancomycin 

 

3.8 Data analysis 

SPSS version 21 (IBM) was used to analyse the data from the questionnaires. Analysis 

of the other generated data was done using Excel 2010 (Microsoft). 

 

3.9 Source attribution and risk assessment  

Source attribution is aimed at assigning a certain proportion of human infections to an 

animal reservoir (Pires et al., 2014). However, the available models require a lot of 

detailed information on the prevalence of the bacteria and their subtypes in the 

different animal and human populations. This type of data is typically not sufficiently 

available in Sub-Saharan African countries such as Zambia and was not fully generated 

during the study period. The main approach chosen in the current study was based on 

the patterns of characteristics of enterotoxigenic S. aureus found in Zambia as recently 

http://www.eucast.org/
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done for different stages of the turkey meat and cattle food chains (Tenhagen et al., 

2014; Vossenkuhl et al., 2014).  

 

3.10 Ethical clearance and export permits 

Ethical clearance to conduct research in Zambia was sought from ERES CONVERGE 

in Zambia (Appendix A1). No names of participants or their facilities has been 

mentioned in this study. Pictures of participants included in this thesis, were obtained 

with full consent of the concerned participants. In addition, permission to export the 

human (milkers) presumptive S. aureus isolates to Germany was sought from National 

Health Research Ethics Board (NHREB) under the Ministry of Health (Appendix A2). 

Further, permission to export presumptive S. aureus isolates from milk and its 

products, and bucket swabs from the Zambian dairy value chain was sought from the 

Ministry of Fisheries and Livestock (Department of Veterinary Services) in Zambia 

(Appendix A3).  
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CHAPTER FOUR 

 

RESULTS 

 

4.1 Farmers responses  

In the current study, a total of 212 dairy farmers out of 226 visited for sampling were 

interviewed in the three study provinces. The farmers were 70 in Lusaka province, 46 

in Western and 96 in Southern. These farmers were segregated according to sex, age, 

education, income status, family size and herd size per household/farm.  

 

 
Figure 18: Number of farmers interviewed in the three study provinces 

 

4.1.1 Demographic characteristics of smallholder and traditional dairy farmers’ 

households 

 

4.1.1.1 Age structure of interviewed smallholder and traditional dairy farmers in 

Lusaka, Western and Southern provinces of Zambia 

The age structure of farmers was segregated in age ranges 20 to 29, 30 to 39, 40 to 49, 

50 to 69, 60 to 69 and 70 and above. The predominant age distribution of the dairy 

farmers interviewed in Southern and Lusaka provinces were in the range of 40 to 49 

years while in Western province it was 50 to 59 years (Table 7).  
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Table 7: Age structure of interviewed smallholder and traditional dairy farmers in 

Lusaka, Western and Southern provinces of Zambia 

Age (years) Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

20 - 29 3/70 (4.3%) 1/46 (2.2%) 0/96 (0%) 

30 - 39 17/70 

(24.3%) 

3/46 (6.5%) 4/96 (4.2%) 

40 - 49 19/70 (27%) 9/46 (19.6%) 42/96 

(43.8%) 

50 - 59 10/70 

(14.3%) 

19/46 (41%) 26/96 

(27.1%) 

60 - 69 14/70 (20%) 14/46 (30%) 22/96 (23%) 

70 and above 7/70 (10%) 0/46 (0%) 2/96 (2.1%) 

 

4.1.1.2 Education status of smallholder and traditional dairy farmers interviewed 

The education levels for interviewed farmers/milkers were categorised into primary, 

secondary and tertiary. The study findings indicate that many interviewed farmers in 

Western and Southern provinces went up to primary. Further, the study findings 

indicate that Lusaka province had a high number of interviewed farmers who were 

very educated and tertiary education (attended college or university). The detailed 

education level of the farmers interviewed is indicated in Table 8. 

 

Table 8: Educational level of the interviewed dairy farmers in the three provinces 

Education level Lusaka (n=70) Western 

(n=46) 

Southern 

(n=96) 

Primary 6/70 (8.6%) 17/46 (37%) 21/96 (22%) 

 

Secondary 

29/70 (41%) 29/46 (63%) 70/96 (73%) 

Tertiary 35/70 (50%) 1/46 (2.2%) 5/96 (5.2%) 

 

 

4.1.1.3 Income status, family and herd size of smallholder and traditional dairy 

farmers interviewed 

Income status, family size and herd size of each household in the three study provinces 

were determined (Table 9). The average family size in all the three study provinces 

ranged from about 4 to more than 5 persons/members per family or household. The 
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findings indicated that Western province had in some cases smallest family size of 4 

members per household or family. The study findings revealed that Western province 

had many interviewed farmers earning 500 Kwacha or less per month as income. 

Further, the findings indicated that Southern and Lusaka provinces had the highest 

number of interviewed farmers earning 3000 Kwacha or more as monthly income 

(Table 9). Lusaka and Southern provinces had average family size of between 5 

members to more than five while Western had four to more than five members. 

 

Table 9: Socio-economic characteristics of small scale interviewed dairy farmers in 

Lusaka, Western and Southern provinces of Zambia 

Provinces Average 

family 

size/number 

of persons 

per 

household 

Monthly 

farmers 

income 

(kwacha)/per 

household 

Number 

of farms 

with 

monthly 

income  

Average 

herd size 

per farm 

Number 

of 

farmers 

with herd 

size 

categories 

Lusaka 5 to more 

than 5 

≤ 500 11/70 

(16%) 

1 - 30  48/ 70 

(68.6%) 

5 to more 

than 5 

≤ 1000 26/70 

(37%) 

31 - 60  17/70 

(24.3%) 

5 to more 

than 5 

≥ 3000 33/70 

(47%) 

≥ 61  5/70 (7%) 

Western 4 to more 

than 5 

≤ 500 36/46 

(78.3%) 

1 - 30 17/46 

(37%) 

4 to more 

than 5 

≤ 1000 8/46 

(17.4%) 

31 - 60 26/46 

(57%) 

4 to more 

than 5 

≥ 3000 2/46 

(4.3%) 

≥ 61  3/46 (7%) 

Southern 5 to more 

than 5 

≤ 500 0/96 (0%) 1 - 30 83/96 

(86.5%) 

5 to more 

than 5 

≤ 1000 32/96 

(33%) 

31 - 60 11/96 

(11.5%) 

5 to more 

than 5 

≥ 3000 64/96 

(66.7%) 

≥ 61  2/96 

(2.1%) 

 

4.1.2 Lactating cows per farm 

The number of lactating cows per farmer household in the three study provinces was 

determined. Overall, interviewed farmers in Western province had fewer lactating 

cows (mainly 1 to 9) compared to Lusaka and Southern provinces (here, farmers had 

mostly 3 to 15 lactating cows on average) (Table 10). 
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Table 10: Number of lactating cows per farm in Lusaka, Western and Southern 

provinces of Zambia 

Number of 

lactating cows 

on the 

interview date 

Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

percentage 

(n=212) 

1 to 2 7 (10%) 9 (19.5%) 0 (0%) 16 (7.5%) 

3 to 5 19 (27%) 16 (35%) 27 (28%) 62 (29%) 

6 to 9 16 (23%) 14 (30%) 44 (46%) 74 (35%) 

10 to 15 16 (23%) 5 (11%) 20 (21%) 41 (19%) 

16 and above 12 (17%) 2 (4.3%) 5 (5.2%) 15 7.1%) 

 

4.1.3 Management practices  

Dairy management practices associated with milk production in the three study 

provinces were determined. These practices included keeping other livestock and 

animals such as pigs, dogs and cats, milking outside the milking shed, continuous use 

of same antibiotics to treat mastitis and, farmers treating cows by themselves without 

prescription. Other practices included selling milk from cows being treated with 

antibiotics. The study findings indicate that Southern province had some interviewed 

farmers keeping pigs (21.9 percent) and dogs (44 percent) as well on their farms. In 

addition, Western and Southern provinces had a lot of interviewed farmers (98 percent 

and 90.6 percent, respectively) without milking sheds/parlours and did their milking 

in kraals, crush pen or outside in the open. Further, Lusaka province had 15.7 percent 

of interviewed farmers experiencing mastitis on their farms. The study findings also 

show that in Western and Southern provinces, high number of interviewed farmers (63 

percent and 45 percent, respectively) used penicillin, pen-strep (penicillin-

streptomycin), megapen (ampicillin and cloxacillin), oxytetracyline and gentamicin to 

treat mastitis always. In addition, Western and Lusaka provinces had 45.7 percent and 

32.9 percent of interviewed farmers, respectively treating cows with antibiotics 

themselves. Southern province had the highest number (62.5 percent) of interviewed 

farmers/milkers who did not have knowledge about mastitis. Further, Western and 

Lusaka provinces had the highest number of interviewed farmers (39.1 percent and 

21.4 percent, respectively) who treated their cows with antibiotics for only 1 to 2 days 

only compared with Southern (Table 11). The study findings show that Western 
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province had some interviewed farmers (21.7 percent) selling milk from cows being 

treated with antibiotics and selling milk 1 to 2 days after cows are treated representing 

19.6 percent. 

 

Table 11: Potential risk factors for S. aureus/ AMR strains at farm level associated 

with production and management practices in the three study provinces 

Potential risk factors Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

(n=212) 

Farmers keeping pigs on their 

farms 

2 (2.9%) 3 (6.5%) 21 

(21.9%) 

26 (12.3%) 

Farmers keeping dogs on their 

farms 

24 

(34.3%) 

37 

(80%) 

42 (44%) 103 (48.6%) 

Farmers keeping cats on their 

farms 

11 

(15.7%) 

10 

(21.7%) 

7 (7.3%) 28 (13.2%) 

Farmers having no milking 

sheds/parlours 

5 (7.1%) 45 

(98)% 

87(90.6%) 137(64.6%) 

Farmers/milkers do their 

milking in the kraals, crush 

pen or outside in the open 

5 (7.1%) 45 

(98%) 

87 

(90.6%) 

137 (64.6%) 

Farmers experiencing mastitis 

of their cows in the last 12 

months 

11 

(15.7%) 

2 (4.3)% 1 (1%) 14 (6.6%) 

Continuous use of penicillin, 

pen-strep, megapen, 

oxytetracyline, and/or 

gentamicin to treat mastitis 

14 

(20%) 

29 

(63%) 

44 (45%) 87 (41%) 

Farmers treating their cows 

with antibiotics themselves 

23 

(32.9%) 

21 

(45.7%) 

2 (2.1%) 46 (21.7%) 

Farmers/milkers having no 

knowledge about mastitis 

6 (8.6%) 16 

(34.8%) 

60 

(62.5%) 

82 (38.7%) 

Farmers treating their cows 

with antibiotics for 1 to 2 days 

only 

15 

(21.4%) 

18 

(39.1%) 

3 (3.1%) 36 (17%) 

Selling milk from cows during 

treatment with antibiotics 

2 (2.9%) 10 

(21.7)% 

6 (6.2%) 18 (8.5%) 

Selling milk 1 to 2 days after 

cows are treated with 

antibiotics  

0 (0%) 9 

(19.6%) 

0 (0%) 9 (4.2%) 

Farmers not ensuring safety of 

milk while selling it to 

consumers 

2 (2.9%) 0 (0%) 2 (2.1%) 4 

(1.9%) 

 

4.1.4 Milk handling and hygiene practices 

Milk handling and hygiene practices along the dairy value chain in Lusaka, Western 

and Southern provinces were assessed. The current study described the milk handling 
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and hygienic practices of farmers/milker in the three study provinces (Table 12). 

Southern province had the highest number (74 percent) of interviewed farmers mixing 

milk from cows being treated with antibiotics together with that from healthy cows. In 

addition, all the three provinces had at least one farmer/milker who did not wash hands 

before milking among these interviewed. Further, the current study reveals that 

Southern and Western provinces had highest number of interviewed farmers/milkers 

(83 percent and 45.7 percent, respectively) who dried their hands after washing before 

starting milking using cow’s tail or their own clothes and did not wash hands between 

milking different cows during milking session representing (81.3 percent and 63 

percent, respectively).  

 

The study findings also indicate that Western province had some interviewed farmers 

(30.4 percent) who did not filter or strain their milk after milking. Southern province 

had the highest number (38.5 percent) of interviewed farmers who used a cloth to filter 

milk after milking compared to the other two provinces. From observation, in all the 

three provinces the cloth used for filtering milk looked dirty and they were using the 

same cloth throughout the milking. Western and Southern provinces had many 

interviewed farmers/milkers (60 percent and 54.2 percent, respectively) who 

consumed milk directly from the cow teats. Further, some interviewed farmers in 

Lusaka province (n=40) and Western (n=17) had at least experienced their milk being 

rejected by their customers or MCCs representing 57 percent and 37 percent, 

respectively (Table 12). The study findings also showed that Southern and Western 

provinces had highest number (95 percent and 87 percent, respectively) of interviewed 

farmers without quality control to check for milk freshness. In addition, the study 

findings indicated that Western province had a highest number (87 percent) of 

interviewed farmers who were not able to trace back bad milk to its source than Lusaka 

and Southern (Table 12).  
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Table 12: Milk handling practices by farmers/milkers in the three study provinces 

Practices Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

(n=212) 

Milking their cows being treated 

with antibiotics together with the 

healthy cows (sick cows being 

milked at the same time as health 

ones without separating them) 

0 (0%) 5 

(10.9%) 

45 

(46.9%) 

50 

(23.6%) 

Farmers/milkers mixing milk from 

cows being treated with antibiotics 

with milk from healthy cows 

2 (2.9%) 20 

(43.5%) 

71 (74%) 93 

(43.9%) 

Farmers/milkers not washing their 

hands before milking 

2 (2.9%) 2 (4.3%) 1 (1%) 5 (2.4%) 

Farmers/milkers not drying their 

hands after washing hands before 

starting to milk cows 

12 

(17%) 

10 

(21.7%) 

15 

(15.6%) 

37 

(17.5%) 

Farmers/milkers drying their hands 

after washing before milking using 

cow’s tail or their own clothes 

3 (3%) 21 

(45.7%) 

80 (83%) 104 

(49.1%) 

Farmers/milkers not washing hands 

after milking each individual cow 

during milking sessions 

13 

(18.6%) 

29 

(63%) 

78 

(81.3%) 

120 

(56.6%) 

Farmers/milkers not straining or 

filtering their milk after milking 

9 

(12.9%) 

14 

(30.4%) 

5 (5.2%) 28 

(13.2%) 

Use of a cloth to strain milk 8 

(11.4%) 

4 (8.7%) 37 

(38.5%) 

49 

(23.1%) 

Farmers/milkers consuming milk 

directly from the teats 

15 

(21.4%) 

28 

(60%) 

52 

(54.2%) 

95 

(44.8%) 

Farmers not taking care of milk 

safety measures while selling milk 

on the market or to consumers 

2 (2.9%) 0 (0%) 2 (2.1%) 4 (2%) 

Farmers having their milk rejected 

by customers or the cooperatives 

because of poor quality 

40 

(57%) 

17 

(37%) 

13 

(13.5%) 

70 

(33%) 

Farmers having no quality control 

checks on their farms to check 

freshness and water content of milk 

34 

(49%) 

40 

(87%) 

92 (95%) 166 

(78%) 

Farmers not able to trace back bad 

milk to its sources 

20 

(29%) 

40 

(87%) 

13 

(13.5%) 

73 

(34%) 

 

4.1.5 Farmers/milkers practices associated with milk containers in the three study 

provinces 

Practices associated with milk containers among farmers/milkers were determined in 

all the study provinces. These practices included the use of plastic, metal and wooden 

milk containers. The findings of the current study indicate that many interviewed 
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farmers in Western and Southern Provinces used plastic containers for milking, 

preserving, storage and selling milk. Further, the study findings showed that some 

interviewed farmers (54 percent) in Western province used wooden vessels for milking 

cows and also used cold water only to clean the milking vessels and containers, 

representing 26.1 percent. Almost all interviewed farmers in Lusaka used metal 

containers (aluminium/steel) for milking, preservation, storage, transportation and 

selling milk (Table 13). 

 

Table 13: Farmers/milkers practices associated with milk containers in the three study 

provinces 

Practices Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

(n=212) 

Farmers using metal containers 

(aluminium/steel) for milking 

69 

(98.6%) 

3 (6.5%) 40 

(41.7%) 

112 

(52.8%) 

Farmers using metal containers 

(aluminium/steel) for making of sour 

milk (preservation) 

66 

(94%) 

2 (4.3%) 42 

(43.8%) 

110 

(51.9%) 

Farmers using metal containers 

(aluminium/steel) for storage before 

consumption 

68 

(97%) 

1 (2.2%) 43 

(44.8%) 

112 

(52.8%) 

Farmers using metal containers 

(aluminium/steel) for transportation 

69 

(98.6%) 

2 (2.2%) 43 

(44.8%) 

114 

(53.8%) 

Farmers using metal containers 

(aluminium/steel) for selling milk 

65 

(92.9%) 

3 (6.5%) 43 

(44.8%) 

111 

(52.4%) 

Farmers/milkers using wooden 

vessels for milking cows 

1 (1%) 25 

(54%) 

0 (0%) 26 

(12.2%) 

Farmers/milkers using plastic 

containers for milking cows 

2 (2.9%) 32 

(69.6%) 

61 

(63.5%) 

95 

(44.8%) 

Farmers/milkers using plastic 

containers for preserving milk 

5 (7.1%) 45 

(97%) 

57 

(59.4%) 

107 

(50.5%) 

Farmers/milkers using plastic 

containers for storing milk 

1 (1%) 46 

(100%) 

57 

(59.4%) 

104 

(49.1%) 

Farmers/milkers using plastic 

containers for transporting milk 

2 (2.9%) 46 

(100%) 

57 

(59.4%) 

105 

(49.5%) 

Farmers/milkers using of plastic 

containers for selling milk 

11 

(16%) 

44 

(95.7%) 

58 (60%) 113 

(53%) 

Farmers/milkers cleaning milk 

vessels and containers with cold 

water only 

0 (0%) 12 

(26.1%) 

4 (4%) 16 

(7.5%) 

Farmers/milkers cleaning milk 

vessels and containers with 

hot/warm water only 

4 (5.7%) 2 (4%) 8 (8%) 14 

(6.6%) 

Farmers/milkers not cleaning milk 

vessels and containers 

2 (2.9%) 0 (0%) 2 (2%) 4 (2%) 
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Some observations regarding milk handling are shown in Figure 19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: General observations on the farms and environment in the three study 

provinces 

 

4.1.6 Transportation of milk to the market 

Mode of milk transportation in the three study provinces was determined. The study 

findings indicated that many farmers (54 percent) in Western province transported 

their milk on foot, and most interviewed farmers (89 percent) in this province covered 

between 7 to18 km to reach the market (Table 14). In addition, many farmers, (96 

percent) each in Lusaka and Southern provinces, transported their milk on bicycles 

and many covered 1 to 6 km to reach the market. Very few interviewed farmers 

transported their milk using vehicles with the least being interviewed farmers in 

Western province. 

 

 

 

General observations on the farms 

farmseneenvi 

Some farmers/milkers 

keeping the afternoon 

milk overnight without 

refrigeration and only 

sell in the morning 

High maximum daily 

temperatures of about 

38°C on average in 

Western and Southern 

provinces 

Generally, cow’s udders 

were usually very dirty 

especially in rain season 

Some milkers did not 

wash the cow udders 

very well 

Some milkers 

coughing, sneezing or 

with some injuries or 

wounds on their hands 

milk cow 

Some farmers/milkers 

using dirty cloth to dry 

the udder or their hands 

and some using one 

cloth on several cows 
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Table 14: Farmer practices associated with milk transport in the three study provinces 

Practices Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

(n=212) 

Farmers transporting milk on 

foot 

0 (0%) 25 

(54%) 

0 (0%) 25 (11.8%) 

Farmers transporting milk on 

bicycles 

67 

(96%) 

27 

(58.7%) 

92 (96%) 186 (88%) 

Farmers transporting milk 

using vehicles 

3 (4.3%) 1 (2.2%) 4 (4.2%) 8 (3.8%) 

Farmers transporting milk 

using motor bike 

0 (0%) 0 (0%) 1 (1%) 1 (0.5%) 

Farmers transporting milk 

using public transport 

0 (0%) 0 (0%) 1 (1%) 1 (0.5%) 

Farmers covering 1 to 6 km 

distance to the market 

52 

(74%) 

3 (6.5%) 53 (55%) 108 (51%) 

Farmers covering 7 to 12 km 

distance to the market 

18 

(26%) 

28 

(61%) 

33 (34%) 79 (37.3) 

Farmers covering 13 to 18 km 

distance to the market 

0 (0%) 13 

(28.1%) 

10 (10%) 23 (10.8%) 

Farmers covering 19 to 21 km 

distance to the market 

0 (0%) 2 (4.3%) 0 (0%) 2 (0.9%) 

 

4.1.7 Health related practices and experiences on farms in the three provinces 

Health problems associated with milk handling on farms in the three study provinces 

among farmers, milkers/workers and size of farmer’s families/households were 

described. The current study findings showed that some interviewed farmers in 

Southern (32.3 percent) and Lusaka (30 percent) provinces had at least experienced 

skin infections among the people on their farms. In addition, famers in Lusaka (28.6 

percent) used antibiotics every time a member or a milker was sick. Further, the study 

findings indicate that interviewed farmers or people on their farms in Southern (64 

percent) and Western (63 percent) provinces took antibiotics without prescriptions. 

The current study findings also showed that some interviewed farmers and their 

households (57 percent) in Western province at least experienced a situation where 

despite taking antibiotics their condition did not improve and 85 percent of people on 

the farms also consumed raw milk. In addition, the study findings also showed that 

many interviewed farmers and their households in Southern (84.4 percent) and some 

farmers in Western provinces (43.5 percent) consumed milk from cows being treated 

with antibiotics and did not keep any health records on their farms, representing 91 
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percent and 78.1 percent respectively. It was also observed that some people on farms 

in the three provinces consume traditionally processed sour milk (Table 15). 

 

Table 15: Health related practices and experiences on farms in the three study 

provinces 

Practices Lusaka 

(n=70) 

Western 

(n=46) 

Southern 

(n=96) 

Overall 

(n=212) 

Farmers experiencing skin infections 

on their farms among family 

members and milkers 

21 

(30%) 

11 

(23%) 

31 

(32.3%) 

63 

(30%) 

Farmers using antibiotics every time 

a family member or milker was sick 

20 (28.6) 8 

(17.4%) 

8 (8%) 36 

(17%) 

Farmers using antibiotics sometimes 

when a family member or milker 

was sick 

38 

(54%) 

30 

(65%) 

67 (70%) 135 

(64%) 

People on the farm taking antibiotics 

without prescriptions 

21 

(30%) 

29 

(63%) 

61 (64%) 111 

(52%) 

People on the farm experiencing 

situation where despite taking 

antibiotics their condition did not 

improve 

27 

(39%) 

26 

(57%) 

9 (9%) 62 

(29%) 

People on the farm consuming raw 

milk 

18 

(26%) 

39 

(85%) 

20 (20%) 77 

(36%) 

People on the farm consuming milk 

from cows being treated with 

antibiotics 

2 (2.9%) 20 

(43.5%) 

81 

(84.4%) 

103 

(48.6%) 

People on the farm consuming 

traditional sour milk 

35 

(50%) 

35 

(76%) 

63 (66%) 133 

(63%) 

Farmers not keeping any health 

records on their farms 

20 

(29%) 

36 

(78.1%) 

87 (91%) 143 

(67.5%) 

 

4.2 Milk collection centre (MCC) responses 

In the current study, a total of 11 MCCs were interviewed in the three provinces. The 

MCCs visited included the three in Lusaka province, two in Western and six in 

Southern. These MCCs were segregated according to membership, when they started 

operating and, milk rejection levels at MCCs. 

  

4.2.1 Membership and operations of MCCs in the three provinces 

Active membership at MCCs, when MMCs started operations in the three study 

provinces were described. MCCs in Southern province had the highest number of 

active members with 91 to 300 members at 5 out of 6 MCCs, followed by Lusaka with 
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34 to 90 members in the three MCCs while the two MCCs in Western province had 

the lowest with 12 to 33 members (Table 16). 

 

Table 16: Number of active dairy farmers supplying milk to MCCs in the three 

provinces 

Practices Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

Number of cooperatives with 12 to 

33 active members 

0 2 0 2 

(18.2%) 

Number of cooperatives with 34 to 

55 active members 

1 0 1 2 

(18.2%) 

Number of cooperatives with 56 to 

70 active members 

1 0 0 2 

(18.2%) 

Number of cooperatives with 71 to 

90 active members 

1 0 2 3 

(27.3%) 

Number of cooperatives with 91 to 

300 active members 

0 0 3 3 

(27.3%) 

 

It was observed that the oldest of the interviewed MCCs started about 20 years ago in 

Lusaka province while the newest MCC started at least 3 years ago in Southern 

province (Table 17). 

 

Table 17: When the MCCs started operating in the three provinces 

Practices Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

Milk collection centre starting 20 

years ago 

1 0 0 1 (9%) 

Milk collection centre starting 15 

years ago 

0 0 1 1 (9%) 

Milk collection centre starting 13 

years ago 

0 0 2 2 

(18.2%) 

Milk collection centre starting 10 

years ago 

1 2 0 3 

(27.3%) 

Milk collection centre starting 9 

years ago 

1 0 2 3 

(27.3%) 

Milk collection centre starting at 

least 3 years ago 

0 0 1 1 (9%) 

 

4.2.2 Milk rejection due to bad quality at the MCCs in the three provinces 

Milk rejection percentages due to the bad quality of milk in all the three study 

provinces was determined. The study findings revealed that the two interviewed MCCs 

in Western province had the highest percentage (20 to 30 percent) of milk rejection at 

reception than Lusaka and Southern provinces (Table 18). 
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Table 18: Milk rejection levels due to bad quality at the MCCs in the three provinces 

Practices/experiences Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

30% milk rejection  0 1 0 1 (9.1%) 

20% milk rejection 0 1 0 1 (9.1%) 

5% milk rejection 0 0 4 4 (36.4%) 

2% milk rejection 3 0 2 5 (45.5%) 

Milk from some farmers was 

not always of good quality at 

reception  some times 

1 1 6 8 (73%) 

 

4.2.3 Milk handling practices at MCCs in the three study provinces 

Milk handling practices at MCCs were described and these included receiving milk 

twice per day, mixing of morning and afternoon batches of milk, milk taking longer 

before it was collected by processors from MCCs and MCCs not doing microbial 

analysis. The potential risk factors for possible contamination of milk and 

multiplication of S. aureus were described in Table 19. The major findings of the study 

show that all the interviewed MCCs in all the three provinces receive milk twice per 

day and did mix the morning and afternoon milk batches (Table 19). Further, the study 

also indicated that almost all MCCs in Southern province (5 out of 6), milk sometimes 

took approximately 48 or more hours before being collected by the processors (Table 

19). In addition, almost all the MCCs in all the three provinces did not carry out any 

microbial analysis and checking antibiotic residues (Table 20).  In Western and 

Southern provinces, milk provided by MCCs to processors was sometimes rejected by 

the processor (Table 20) and the rejection of was mainly due to milk turning sour. 

 

Table 19: Potential risk factors for possible contamination of milk and multiplication 

of S. aureus at MCCs in the three study provinces 

Practices Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

Mixing morning and afternoon milk 3 2 6 11 

(100%) 

Some milk received in plastic 

containers 

0 2 3 5 

(45.5%) 

Having no chilling/cooling facility 0 0 1 1 (9%) 

Milk taking 1 to 3 hours before 

being collected by the processors 

0 2 4 7 

(63.6%) 

Milk taking 24 hours before being 

collected by the processors 

1 0 0 1 (9%) 
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Milk taking 24 hours to 48 hours 

before being collected by the 

processors 

2 0 0 2 (18%) 

Milk taking 48 hours or more before 

being collected by the processors 

0 0 2 2 (18%) 

 

Table 20: Milk handling practices at MCCs in the three study provinces 

Practices Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

Receiving milk twice per day 

(morning and afternoon) 

3 2 6 11 

(100%) 

Not checking for antibiotic residues 1 2 5 8 (73%) 

Not doing microbiological analyses 2 2 6 10 (91%) 

Not able to trace back bad milk to 

its source 

0 1 4 5 

(45.5%) 

Some milk transported on foot to 

the MCC 

1 2 0 3 

(27.3%) 

Some milk transported on bicycle to 

the MCC 

3 2 6 11 

(100%) 

Some milk transported using 

vehicle to the MCC 

3  0  4  7 

(63.6%) 

Deciding not to sell batch of milk 

when it turns sour 

2 1 3 6 

(54.5%) 

Processor (Parmalat) being main 

client buying milk 

3 0 2 5 

(45.5%) 

Community and processor being 

main client buying milk 

0 0 3 3 

(27.3%) 

Community being main client 

buying milk 

0 2 2 4 

(36.4%) 

Sometimes milk rejected by the 

processor 

0 2 3 5 

(45.5%) 

Reason for rejecting milk being 

turning sour 

0 1 3 4 

(36.4%) 

 

4.2.4 MCCs workers’ health experiences 

Health problems related to milk handling experienced by MCC workers in the last 12 

months of the interview was determined. The major findings of the study showed that 

Southern province had the highest number of MCCs with workers who have never 

received food hygiene and safety education and at least one MCC had workers who 

experienced skin infections (Table 21). 
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Table 21: MCCs and their staff health experience 

Practices Lusaka 

(n=3) 

Western 

(n=2) 

Southern 

(n=6) 

Overall 

(n=11) 

Experiencing skin infection among 

workers 

0 0 1 1 (9.1%)  

Having no food hygiene and food 

safety education 

0 0 5 5 

(45.5%) 

 

 

Some observations on MCCs milk handling are shown in Figure 20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: General observations on MCCs environment in the three study provinces 

 

4.3 Milk trader responses 

In the current study, a total of 15 milk traders were interviewed in the three provinces. 

These traders were five in Lusaka, Western and Southern provinces respectively. 

These milk traders were segregated according to sex, age, family size, education and 

income status per household/family. 

 

General observations on the farms 

farmseneenvi 

Some MCCs not 

washing milk containers 

used during reception of 

milk from farms 

High maximum daily 

temperatures of about 

38°C on average in all 

the provinces 

MCC staff not using 

proper clean protective 

clothing 

Sometimes MCCs do 

not have water when 

they experience 

electricity failure 

MCC workers clean the 

milk containers with 

cold water and 

detergent 
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4.3.1 Gender, age and education levels of interviewed milk traders in the three 

study provinces  

Tables 22 and 23, show some general data on sex, age, family size, education levels 

and income status associated with the interviewed milk traders. 

 

Table 22: Gender, age and education level of interviewed milk traders in the three 

study provinces 

Practices Lusaka 

(n=5) 

Western 

(n=5) 

Southern 

(n=5) 

Overall 

(n=15) 

Female milk trader 2 1 1 4 

(26.7%) 

Male milk trader 3 4 4 11 

(73.3%) 

Milk traders between 20 to 29 years 

old 

0 1 1 2 (13.3) 

Milk traders between 30 to 39 years 

old 

3 3 1 7 (47%) 

Milk traders between 40 to 49 years 

old 

2 0 3 5 

(33.3%) 

Milk traders between 50 to 59 years 

old 

0 1 0 1 (7%) 

Milk traders who attended grade 7 

and below 

2 2 1 5 

(33.3%) 

Milk traders who attended grade 8 to 

10 

1 3 3 7 (47%) 

Milk traders who attended grade 12 

to College 

2 0 1 3 (20%) 

Milk traders having no health 

education in the area of food 

hygiene and safety  

4 5 4 13 

(87%) 

 

Table 23: Socio-economic factors associated with interviewed milk traders in the three 

study provinces 

Factors Lusaka 

(n=5) 

Western 

(n=5) 

Southern 

(n=5) 

Overall 

(n=15) 

Having 2 to 3 family members 

per household 

2 2 1 5 (33.3%) 

Having 4 to 5 family members 

per household 

2 1 2 5 (33.3%) 

Having more than 5 family 

members per household 

1 2 2 5 (33.3%) 

Household income ≤ 500 

kwacha per month 

3 2 2 7 (47%) 

Household income ≤ 1000 

kwacha per month 

0 2 3 5 (33.3%) 
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Household income ≥ 3000 

kwacha per month 

2 1 0 3 (20%) 

Belonging to cooperative or 

MCC 

2 0 0 2 (13.3%) 

Starting the enterprise 1 to 2 

years ago 

2 1 1 4 (27%) 

Starting the enterprise 3 to 4 

years ago 

1 3 4 8 (53.3%) 

Starting the enterprise more 

than 5 years ago 

2 1 0 3 (20%) 

 

4.3.2 Milk handling practices among milk traders in the three provinces 

Milk handling practices practiced by milk traders were determined. These included 

use of plastic containers which are not sufficiently cleaned, sell of raw milk and 

traditional sour milk, distances covered to reach their market and transportation of milk 

on foot (Table 24, 25). The current study findings show that most interviewed traders 

in all the three study provinces bought milk directly from farmers and used plastic 

containers which are often not sufficiently cleaned (Table 24). The study findings also 

show that all interviewed milk traders sold raw milk and some also sold traditionally 

processed sour milk (Table 25). Further, the interviewed milk traders covered up to 9 

km and no more than 12 km (Table 25). Most interviewed milk traders did not have 

cooling facilities (refrigerators) (Table 24).  

 

Table 24: Potential risk factors associated with contamination of milk and promotion 

of rapid multiplication of S. aureus in milk sold by interviewed milk traders in the 

three provinces 

Parameters Lusaka 

(n=5) 

Western 

(n=5) 

Southern 

(n=5) 

Overall 

(n=15) 

MCC as a source of the milk they 

sell 

0 1 0 1 (7%) 

Transporting milk on foot to the 

market or clients 

0 0 2 2 

(13.3%) 

Milk traders without refrigerators 3 4 3 10 

(67%) 

Using plastic containers to store 

milk 

3 4 5 12 

(80%) 

Use of wide-necked plastic 

containers to sell milk 

0 1 3 4 (27%) 

Milk traders having no quality 

control to check freshness of milk 

5 5 4 14 

(93%) 

Mixing morning and afternoon milk 

batches 

3 1 0 4 (27%) 
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Not ensuring general personal 

hygiene when handling milk 

3 2 0 5 

(33.3%) 

Washing containers with water only 3 3 1 7 (47%) 

Milk traders not cleaning milk 

containers after delivery 

3 2 4 9 (60%) 

Milk traders using a cup without 

handle to scoop milk from a storage 

container 

0 1 0 1 (7%) 

Milk traders having no ability to 

trace back bad milk from its source 

0 5 0 5 

(33.3%) 

 

Table 25: Milk handling practices among interviewed milk traders in the three 

provinces 

Practices Lusaka 

(n=5) 

Western 

(n=5) 

Southern 

(n=5) 

Overall 

(n=15) 

Selling raw milk 3 0 5 8 

(53.3%) 

Selling at least raw and sour milk 2 5 0 7 (47%) 

Family members consuming at least 

raw and sour milk 

4 4 5 13 

(87%) 

Selling milk mainly to community 

and market 

5 5 5 15 

(100%) 

Selling milk mainly to cooperatives 2 0 0 2 

(13.3%) 

Less than 1 Km distance to the 

market or clients 

2 0 1 3 (20%) 

1 to 3 Km distance to the market or 

clients  

0 0 3 3 (20%) 

4 to 6 Km distance to the market or 

clients 

1 2 1 4 

(26.7%) 

7 to 9 Km distance to the market or 

clients 

1 3 0 4 

(26.7%) 

10 to 12 Km distance to the market 

or clients 

1 0 0 1 (6.7%) 

Buying milk from farmers as source 

of milk 

5 4 4 13 

(87%) 

Transporting milk on the bicycle to 

the market or clients 

4 4 4 12 

(80%) 

Use of narrow-necked plastic 

containers to sell milk 

4 4 2 10 

(67%) 

Milk traders making sour 2 2 0 4 (27%) 
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       Figure 21: A milk trader using plastic containers for transportation of milk 

 

4.4 Supermarkets responses 

In the current study, a total of 35 representatives from supermarkets/shops were 

interviewed in the three provinces. These were 15 in Lusaka province, 10 in Western 

and Southern each respectively. Supermarket responses mainly came from 

managers/supervisors.  

 

4.4.1 Education status of participants from supermarkets/shops 

Education levels of participants from supermarkets were determined. Education status 

was categorised into Grade 7 and below, grade 9, grade 10 to 11, grade 12, college and 

University (Table 26). Those respondents in the last category were considered very 

educated. As would be expected, high level of education among participants was 

observed in Lusaka province compared to the other two study provinces (Table 26). 

 

Table 26: Education levels associated with participants at supermarkets/shops in the 

three study provinces 

Education Level Lusaka 

(n=15) 

Western 

(n=10) 

Southern 

(n=10) 

Overall 

(n=35) 

Primary 0 2 1 3 (8.6%) 

Secondary 3 8 9 20 

(57%) 

Tertiary 12 0 0 12 

(34.2%) 
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4.3.2 Milk handling practices associated with supermarkets/shops in the three 

provinces 

The study findings showed that milk was usually delivered by processors in many 

interviewed supermarkets/shops in Lusaka province (100 percent) and Western (70 

percent) than Southern province (Table 27). Many interviewed supermarkets/shops 

(86 percent) in Lusaka had at least experienced milk being rejected by customers 

compared to Western and Southern provinces (Table 27). 

 

Table 27: Milk handling practices/experiences associated with supermarkets/shops in 

the three study provinces 

Practices/experiences identified Lusaka 

(n=15) 

Western 

(n=10) 

Southern 

(n=10) 

Overall 

(n=35) 

Milk being delivered at least by 

processors to the supermarket/shop 

15 

(100%) 

7 (70%) 5 (50%) 27 (77%) 

Milk being delivered at least by an 

agent to the supermarket/shop 

14 

(93%) 

1 (10%) 2 (20%) 17 

(48.6%) 

Supermarket/shop collecting milk 

from processors 

1 (6.7%) 3 (30%) 3 (30%) 7 (20%) 

0.01 to 1% of milk discarded every 

week 

4 

(26.7%) 

0 (0%) 1 (10%) 5 

(14.3%) 

1.51 to 4% of milk discarded every 

week 

5 

(33.3%) 

0 (0%) 0 (0%) 5 

(14.3%) 

4.01 to 5% of milk discarded every 

week 

1 (6.7%) 0 (0%) 0 (0%) 1 

(0.028%) 

Experiencing milk being rejected by 

customers 

13 

(86%) 

1 (10%) 3 (30%) 17 

(48.6%) 

 

4.4.3 Potential risk factors for contamination associated with milk handling 

practices in supermarkets in the three study provinces 

The potential risk factors associated with milk handling in supermarkets/shops in the 

three study provinces were determined (Table 28). The study findings indicated that 

some supermarkets/shops in Western (70 percent) and Southern (50 percent) Provinces 

did mix packed milk sachets, bottles and packs from morning and afternoon batches 

and also they mixed milk packets from different sources (40 percent and 80 percent, 

respectively). From observation, milk consumers drink directly from these 

packets/sachets or bottles even if they may be dirty due spillages of milk. Further, the 

study findings revealed that many supermarkets/shops (90 percent) in Southern 

province did not have quality control checks on milk freshness and about 70 percent 

of the supermarkets/shops are not able to trace back bad milk to its source. In addition, 
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the study findings showed that many supermarkets (86 percent) in Lusaka province 

experienced at least handling bad milk (souring and smelling). Further, almost all the 

supermarkets/shop in the three provinces did not fumigate their premises. 

Furthermore, the study findings also revealed that Lusaka had more supermarkets (60 

percent) where milk batches took at least seven days in the supermarket/shop before 

they finished (Table 28). 

 

Table 28: Potential risk factors associated with milk handling practices in 

supermarkets/shops in the three study provinces 

Factors Lusaka 

(n=15) 

Western 

(n=10) 

Southern 

(n=10) 

Overall 

(n=35) 

Supermarkets/shops mixing morning 

and afternoon milk batches of 

packed packets/sachets or bottles 

1 (6.7%) 7 70%) 5 (50%) 13 

(37.1%) 

Supermarkets/shops mixing milk 

from different sources 

1 (6.7%) 4 (40%) 8 (80%) 13 

(37.1%) 

Supermarkets/shops having no 

quality control checks for milk 

freshness 

1 (6.7%) 10 

(100%) 

9 (90%) 20 

(57.1%) 

Supermarkets/shops experiencing 

handling bad (souring and smelling 

bad) milk 

13 

(86.7%) 

0 (0%) 2 (20%) 15 

(42.9%) 

Supermarkets/shops not fumigating 

their premises 

14 

(93.3%) 

10 

(100%) 

10 

(100%) 

34 

(97.1%) 

Supermarkets/shops not being able 

to trace back bad milk to its source 

0 (0%) 3 (30%) 7 (70%) 10 

(28.6%) 

Fresh milk taking less than 4 to 8 

hours before it finishes in the 

supermarket/shop 

0 (0%) 6 (60%) 10 

(100%) 

16 

(45.7%) 

Fresh milk taking one day before it 

finishes in the supermarket/shop 

0 (0%) 2 (20%) 0 (0%) 2 (5.7%) 

Fresh milk taking 2 days before it 

finishes in the supermarket/shop 

1 (6.7%) 2 (20%) 3 (30%) 6 (17%) 

Fresh milk taking 3 to 4 days before 

it finishes in the supermarket/shop 

2 

(13.3%) 

0 (0%) 0 (0%) 2 (5.7%) 

Fresh milk taking 5 to 6 days before 

it finishes in the supermarket/shop 

3 (20%) 0 (0%) 0 (0%) 3 (8.6%) 

Fresh milk taking 7 days before it 

finishes in the supermarket/shop 

9 (60%) 0 (0%) 0 (0%) 9 

(25.7%) 

 

4.4.4 Health experience of workers handling milk in the supermarkets/shops in 

the three study provinces 

The health related problems regarding milk handling in the three study provinces was 

determined and are described in Table 29. The current study findings revealed that 
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many supermarkets/shop (80 percent) in Southern province had workers who had no 

health certificates and the workers were not subjected to regular health check-ups. 

Further, the study findings showed that many supermarkets in Lusaka and Western 

provinces at least experience complaints from customers such as vomiting or diarrhoea 

after consumption of milk bought from their facilities (Table 29). 

 

Table 29: Health experience of supermarket/shop workers handling milk in 

supermarkets in the three study provinces 

Factors Lusaka 

(n=15) 

Western 

(n=10) 

Southern 

(n=10) 

Overall 

(n=35) 

Supermarkets/shop workers 

handling milk having no health 

certificate 

4 

(26.7%) 

4 (40%) 8 (80%) 16 

(45.7%) 

Supermarkets/shop not subjecting 

their workers to regular health 

check-ups  

4 

(26.7%) 

4 (40%) 8 (80%) 16 

(45.7%) 

Supermarkets/shop experiencing 

some skin conditions among 

workers handling milk  

1 (6.7%) 0 (0%) 0 (0%) 1 (2.9%) 

Supermarkets/shops experiencing 

customers complaining of vomiting 

or diarrhoea after consuming milk 

bought 

13 

(86.7%) 

7 (70%) 5 (50%) 25 

(71.4%) 
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General observations on supermarkets made during the study in the three provinces 

are shown in Figure 22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: General observations on the supermarkets/shops and their environment in 

the three study provinces 

 

4.5 Consumers responses  

In the current study, a total of 126 milk consumers were interviewed in the three 

provinces. These were 30 in Lusaka province, 42 in Western and 54 in Southern. These 

milk consumers were segregated according to sex, age, education level, occupation, 

income status and family size per household.  

General observation in all the three study provinces 

Fumigation is not done 

in almost all study 

provinces 

Supermarkets/shops do 

not wash their hands or 

wear gloves when 

handling milk packets in 

all the study provinces 

Workers sometimes 

do not wipe milk 

spilled on milk 

packets or bottles and 

surfaces on the shelf 

in all the study 

provinces 

Workers who are 

coughing or sneezing do 

handle milk in all the 

study provinces 

Health examinations done on all 

people handling food has a bias 

towards some bacterial pathogens 

such as E. coli, Mycobacterium and 

S. aureus is usually not included  
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4.5.1 Age structure of milk consumers in the three provinces 

The study findings show that the majority of the interviewed milk consumers in the 

three provinces belonged to the age ranges, 30 to 39 and 40 to 49 (Table 30). 

 

Table 30: Age structure of milk consumers in the three provinces 

Parameter Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

20 to 29 years old 5 (17%) 6 

(14.3%) 

9 (17%) 20 

(16%) 

30 to 39 years old 12 

(40%) 

13 

(31%) 

15 (28%) 40 

(32%) 

40 to 49 years old 11 

(37%) 

17 

(40.5%) 

24 (44%) 52 

(41.3%) 

50 to 59 years old 2 (7%) 5 (12%) 3 (6%) 10 (8%) 

60 to 69 years old 0 (0%) 1 (2.4%) 3 (6%) 4 (3.2%) 

 

4.5.2 Education levels of milk consumers 

The study indicates that Southern province (41 percent) had the highest number of 

interviewed milk consumers who were less educated than the two other study 

provinces (only attended primary level). Further, the study findings revealed that 

Lusaka province (76 percent) had the highest number of very educated interviewed 

milk consumers (attended college or university) compared to Western and Southern 

provinces. In addition, the findings of the study showed that Lusaka (93 percent) and 

Western (83 percent) provinces had the highest number of interviewed milk consumers 

who did not receive hygiene trainings (Table 31). 

 

Table 31: Education levels attended by milk consumers in the three study provinces 

Education level/knowledge of food 

hygiene 

Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

Primary  0 (0%) 12 

(28.6%) 

22 (41%) 34 

(27%) 

Secondary 7 (23%) 26 

(61%) 

29 (54%) 62 

(49%) 

Tertiary 23 

(76.7%) 

4 (9.5%) 3 (5.5%) 30 

(24%) 

No knowledge of food hygiene 6 (20%) 10 

(24%) 

20 (37%) 36 

(28.6%) 

Consumers thinking food hygiene is 

not important (Poor attitude towards 

hygiene) 

3 (10%) 3 (7%) 1 (1.9%) 7 (5.6%) 
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Milk consumers who have not 

received any hygiene trainings 

28 

(93%) 

35 

(83%) 

20 (37%) 83 

(66%) 

 

4.5.3 Other socio-economic characteristics of milk consumers in the three 

provinces 

Other socio-economic characteristics of milk consumers were categorised into family 

size, occupation and income. The major findings of the study show that Lusaka (60 

percent) and Western (52.5 percent) provinces had the highest number of interviewed 

milk consumers with more than 5 family members (big family) per household on 

average. In addition, Southern (61 percent) and Western (60 percent) provinces had 

highest number of interviewed milk consumers with farming as an occupation. In 

addition, Lusaka province had the highest number of interviewed milk consumers who 

were very educated and had higher income of ≥ 3000 kwacha per month. Further, 

Western and Southern provinces had the highest number of milk consumers with lower 

incomes of ≤ 1000 kwacha per month per household (Table 32). 

 

Table 32: Other socio-economic characteristics of milk consumers in the three study 

provinces 

Factors Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

2 to 3 family members per 

household (small family) 

6 (20%) 0 (0%) 13 (24%) 19 

(15.1%) 

4 to 5 family members per 

household (medium sized family) 

6 (20%) 20 

(48%) 

23 (43%) 49 

(39%) 

More than 5 members per household 

(large family) 

18 

(60%) 

22 

(52.4%) 

18 (33%) 58 

(46%) 

Farming as an occupation 2 (7%) 25 

(60%) 

33 (61%) 60 

(47%) 

At least business as an occupation 1 (3%) 7 (17%) 8 (15%) 16 

(12.7%) 

Self-employment as an occupation 1 (3%) 4 (10%) 9 (17%) 14 

(11%) 

Working (employment) as an 

occupation 

25 

(83%) 

6 (14%) 3 (6%) 34 

(27%) 

Unemployed/ house wife as an 

occupation 

1 (3%) 0 (0%) 1 (1.9%) 2 (1.6%) 

Household income ≤ 500 kwacha 

per month 

0 (0%) 5 (12%) 13 

(24.1%) 

18 

(14.3%) 

Household income ≤ 1000 kwacha 

per month 

7 (23%) 23 

(55%) 

31 (57%) 61 

(48%) 

Household income ≥ 3000 kwacha 

per month 

23 

(77%) 

14 

(33%) 

10 (19%) 47 

(37%) 
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4.5.4 Milk handling practices by milk consumers associated with milk source in 

the three provinces 

Milk handling practices of interviewed milk consumers have been described in Table 

33. These included the type of milk consumers buy, source of their milk and the 

distance the milk consumers cover to reach the milk source. The study findings 

indicated that many interviewed milk consumers in Lusaka province cover 4.1 to 5 km 

(13 percent) and above 5 km (33 percent) from their homes to the milk source (mainly 

MCCs). In addition, the study findings revealed that many milk consumers in Western 

(57 percent) and Southern (44 percent) provinces covered 1 to 4 km to reach the milk 

source and many bought milk from traders/vendors besides MCCs (Table 33). 

 

Table 33: Milk handling practices by milk consumers associated with milk source in 

the three provinces 

Practices Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

Always buying at least raw milk 26 

(86.7%) 

34 

(81%) 

47 (87%) 107 

(85%) 

Always buying at least traditional 

sour milk 

8 (27%) 11 

(26.2%) 

7 (13%) 26 

(20.6%) 

Consumers buying milk from milk 

collection centres 

24 

(80%) 

29 

(69%) 

22 (41%) 75 

(60%) 

Consumers buying milk from dairy 

farmers 

3 (10%) 7 (16.7) 3 (5.6%) 13 

(10%) 

Consumers buying milk from 

traders/vendors 

1 (3%) 19 

(45%) 

27 (50%) 47 

(37%) 

Consumers buying milk from 

supermarket/shop 

2 (6.7%) 0 (0%) 3 (5.6%) 5 (4%) 

0 to 1 km distance from home to the 

milk source 

7 (23%) 16 

(38.1%) 

30 

(55.5%) 

53 

(42.1%) 

1.1 to 4 km distance from home to 

the milk source 

9 (30%) 24 

(57%) 

24 (44%) 57 

(45%) 

4.1 to 5 km distance from home to 

the milk source 

4 (13%) 1 (2.4%) 0 (0%) 5 (4%) 

Covering above 5 km distance from 

home to the milk source 

10 

(33%) 

1 (2.4%) 0 (0%) 11 

(8.7%) 
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4.5.5 Potential risk factors for transmission/infection of S. aureus associated with 

milk handling practices among milk consumers in the three study 

provinces 

The potential risk factors associated with consumer milk handling have been described 

in Table 34. The study findings indicated that some interviewed milk consumers in 

Lusaka and Western provinces (30 percent and 21 percent, respectively) consumed 

raw milk and some (47 percent and 43 percent, respectively) did not wash hands before 

handling milk. In addition, many milk consumers in all the three study provinces 

consumed sour milk. The study findings also revealed that several interviewed milk 

consumers (24 percent) in Western province had at least experienced bad quality of 

milk purchased in the afternoon. Further, many milk consumers in all the provinces 

used plastic containers to buy, preserve and store milk. In addition, many milk 

consumers in Western (71 percent) and Southern (70.4 percent) provinces used warm 

water only to clean their milk containers. Furthermore, many milk consumers in 

Western province (81 percent) did not filter their milk. In addition, many milk 

consumers in Southern (26 percent) and Western (24 percent) provinces kept their milk 

at room temperature (Table 34). Some consumers mainly in Lusaka were not aware of 

adulterated milk sold by milk traders/vendors. 

 

Table 34: Potential risk factors for transmission/infection of S. aureus associated with 

milk handling practices among milk consumers in the three study provinces 

Practices Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

Consuming at least  raw milk 9 (30%) 9 (21%) 4 (7%) 22 

(17.5%) 

Consuming at least  sour milk 15 

(50%) 

23 

(55%) 

21 (39%) 59 

(47%) 

Consumers experiencing the bad 

quality of milk purchased in the 

afternoon  

0 (0%) 10 

(24%) 

7 (13%) 17 

(13.5%) 

Consumers not aware of adulterated 

milk sold by milk traders/vendors 

15 

(50%) 

0 (0%) 1 (1.9%) 16 

(13%) 

Consumers not washing hands 

before handling milk or consumption 

14 

(47%) 

18 

(43%) 

3 (5.6%) 35 

(28%) 

Consumers using plastic containers 

to buy, preserve and store milk 

28 

(93%) 

39 

(92%) 

51 (94%) 118 

(94%) 

Consumers using warm water only 

to clean milk containers 

13 

(43%) 

30 

(71%) 

38 

(70.4%) 

81 

(64.3%) 

Consumers not straining/filtering 

milk 

17 

(57%) 

34 

(81%) 

10 

(18.5%) 

61 

(48.4%) 
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Storing milk at room temperature 0 (0%) 10 

(24%) 

14 (26%) 24 

(21%) 

Having no quality control checks on 

milk freshness  

25 

(83%) 

17 

(40.5%) 

13 

(24.1%) 

55 

(44%) 

Consumers at least rejecting milk 

because of poor quality 

7 (23%) 17 

(40.5%) 

19 

(35.2%) 

43 

(34%) 

 

The study findings also indicated that milk was more preferred among children in 

Southern province than other provinces (Table 35). 

 

Table 35: Preference of milk consumption among children and adults in the three 

provinces 

Practices Lusaka 

(n=30) 

Western 

(n=42) 

Southern 

(n=54) 

Overall 

(n=126) 

Milk as preferred food among 

children 

9 (30%) 14 

(33%) 

32 

(59.3%) 

55 

(43.7%) 

Milk as preferred food among adults 11 

(36.7%) 

16 

(38.1%) 

16 

(29.6%) 

43 

(34%) 

 

4.5.6 Health experiences by milk consumers 

Health experiences associated with milk handling among milk consumers were 

categorised into skin infections. The major study findings showed that different to 

Western and Southern provinces, several milk consumers in Lusaka province (23 

percent) had at least experienced skin infections in their households in the last 12 

months of the interview and they associated them to milk handling. 

 

4.6 Microbiological analysis 

A total of 1,939 samples of different matrices were collected along the dairy value 

chain from 288 facilities in the three study provinces during one to two visit(s) per 

facility (Tables 2, 3). 

 

4.6.1 Total plate count (TPC) for raw and sour milk (n=230) in Lusaka province  

The average TPC for selected samples from Lusaka province was determined. The 

TPC for raw milk from farms in Lusaka province ranged between approximately 3.1 

x 104 CFU/ml to 9.7 x 107 CFU/ml with minimum and maximum range of 3.1 x 104 

CFU/ml and 9.7 x 107 CFU/ml, respectively. The average TPC for milk from mastitis 

cow was around 3.4 x 106 CFU/ml. The average TPC for raw milk from MCCs was 

around 1.9 x 106 CFU/ml. The average TPC for raw milk from traditional market 
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ranged between 1.1 x 105 to 2.4 x 105 CFU/ml. The TPC for traditionally processed 

sour milk from traditional market in Lusaka province ranged between approximately 

9.0 x 103 CFU/ml to 2.2 x 105 CFU/ml. The TPC for raw milk from milk processing 

plants was 3.1 x 106 CFU/ml. The TPC for pre-processed milk (before milk matures 

into sour milk) from milk processing plants was 2.8 x 106 CFU/ml. The TPC for raw 

milk for Western and Southern provinces were not done because field samples took 

long time (approximately 1 hour and 30 minutes or more) before they were frozen. 

Doing TPC on such samples may not represent the true results as the bacteria could 

have multiplied in the samples after collection. 

 

4.6.2 Prevalence of S. aureus in the Zambian dairy value chain 

A total of 295 isolates were confirmed as S. aureus by MALDI-TOF MS from 348 

presumptive S. aureus isolates, including only one presumptive MRSA shipped to 

BfR, Germany (Table 36). This gives a confirmation rate of 85 percent. The prevalence 

of S. aureus in different matrices in the three study provinces has been described in 

Table 37. The current study findings indicate that overall prevalence of S. aureus in 

raw milk from farms in the three study provinces was 39 percent (Lusaka province 43 

percent, Western 46 percent and Southern 33 percent). Further, the overall prevalence 

of S. aureus in raw milk from milk traders in all the three provinces was 47 percent 

(Table 37). In addition, the overall prevalence of S. aureus in raw milk from milk 

collection centres in the study provinces was 45 percent. (Table 37). On the other hand, 

the overall prevalence of S. aureus in bucket swabs was 14 percent, nasal swabs five 

percent, hand swabs seven percent and 25 percent for mastitis milk in the three study 

provinces (Table 37). Our study findings show that 71.5 percent (206/288) of facilities 

visited were positive for S. aureus in the three study provinces (Table 36). Southern 

province had the highest percentage of S. aureus positive facilities 78 percent (93/119) 

followed by Western 67.7 percent (44/65) and Lusaka (66 percent, 69/104). Regarding 

the number of S. aureus positive samples, the overall prevalence of S. aureus in the 

three provinces was 15.2 percent (295/1939). S. aureus prevalence in Lusaka province 

was 6.5 percent (127/1939), followed by Southern 4.8 percent (93/1939) and Western 

3.9 percent (75/1939) (Table 36). The overall percentage of S. aureus positive samples 

in the three study provinces was 14.8 percent (287/1939). 
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Table 36: Number of facilities visited and samples taken including S. aureus positive 

ones  

Items Lusaka Western Southern Total 

Facilities 

visited 

104  65  119  288 

Facilities with 

confirmed S. 

aureus isolates 

69 (66%)  44 (67.7%) 93 (78.2%) 206 (71.5%) 

Total samples 

collected 

832  382  725  1,939 

Number of 

presumptive S. 

aureus isolates 

found  

171  84 (including 1 

presumptive 

MRSA isolate) 

130  385 

Number of 

presumptive S. 

aureus isolates 

shipped to 

Germany 

145  81  122  348 

Number of 

confirmed  S. 

aureus isolates  

127  75  93  295 

Samples with 

confirmed S. 

aureus isolates 

125 (15%) 72 (19%) 90 (12%) 287 (14.8%) 

 

4.6.2 Level of contamination of raw milk from farms, milk traders and MCCs 

with S. ureus in the three study provinces 

Raw milk contamination levels at farm, trader and MCCs level has been described in 

Table 37. The study findings show that the Lusaka province had the highest (80 

percent, 67/84) S. aureus positive farms followed by Western 76 percent (35/46) and 

Southern 57 percent (55/96) (Table 37). Western province had highest percentage (46 

percent, 42/92) of contaminated raw milk from farms followed by Lusaka 43 percent 

(72/168) and Southern 33 percent (63/192) (Table 37). Further, most raw milk from 

traders and MCCs were contaminated with S. aureus especially in Western and 

Southern provinces (Table 37). 
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4.6.3 Contamination of raw and sour milk from traditional market in the three 

provinces 

Contamination levels of raw and sour milk from sellers from traditional markets was 

described in Table 37. The current study findings showed that some raw milk and 

traditionally processed sour milk from traditional markets in all the three provinces 

was contaminated with S. aureus.  

 

4.6.4 Nasal colonisation and contamination of milkers hands 

Nasal colonisation and contamination of hands among milkers from selected farms in 

the study provinces was investigated. The study findings indicated that S. aureus was 

less frequently detected in nasal and hand swabs from milkers, and milk bucket swabs 

(Table 37). 

 

Table 37: Proportion of confirmed S. aureus-positive facilities and samples in the three 

provinces of Zambia including number of isolates carrying a gene for Panton-

Valentine leucocidin (indicated as PVL+) 

Parameters Lusaka 

province 

Western 

province 

Southern 

province 

Grand total 

Farms with S. 

aureus 

67/84 (80%) 35/46 (76%) 55/96 (57%) 157/226 

(69%) 

Other facilities 

with S. aureus 

2/20 (10%) 9/19 (47%) 11/23 (48%) 22/62 (35%) 

Pooled raw milk 

from farms 

72/168 (43%) 

PVL+: 3 

42/92 (46%) 

PVL+: 3 

63/192 (33%) 

PVL+: 10 

177/452 

(39%) PVL+: 

16 

Raw milk from 

mastitis cows 

1/6 (17%) 0/0 (0%) 2/6 (33%) 3/12 (25%) 

Milk bucket 

swabs from 

farms 

27/84 (32%)  

PVL+: 4 

4/46 (9%) 1/96 (1%) 

PVL+: 1 

32/226 (14%) 

PVL+: 5 

Nasal swabs 

from milkers 

5/84 (6%) 

PVL+: 2 

5/46 (11%) 1/96 (1%) 11/226 (5%) 

PVL+: 2 

Hands swabs 

from milkers 

11/84 (13%) 2/46 (4%) 

PVL+: 1 

3/96 (3%) 

PVL+: 3 

16/226 (7%) 

PVL+: 4 

Farm water 0/84 (0%) 0/46 (0%) 0/96 (0%) 0/226 (0%) 

Raw milk from 

traders 

0/10 (0%) 7/10 (70%) 7/10 (70%) 

PVL+: 1 

14/30 (47%) 

PVL+: 1 

Raw milk and 

sour milk from 

traditional 

market 

6/60 (10%) 7/30 (23%) 3/30 (10%) 

PVL+: 1 

16/120 (13%) 

PVL+: 1 
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Raw milk from 

milk collection 

centres 

0/6 (0%) 2/4 (50%) 8/12 (67%) 10/22 (45%) 

Unprocessed/pre-

processed milk 

from processing 

plants 

3/6 (50%) 3/4 (75%) 2/4 (50%) 8/14 (57%) 

Milk and milk 

products from 

supermarket 

0/240 (0%) 0/58 (0%) 0/87 (0%) 0/385 (0%) 

 

4.6.5 Phenotypic characteristics/characterisation 

Phenotypic characteristics of S. aureus isolates from the dairy value chain in the three 

study provinces were determined. Diversity in phenotypic characteristics of S. aureus 

isolates from three study provinces was observed. All the 295 confirmed isolates were 

gram and coagulase-positive. Further, all the isolates were positive for growth on 

mannitol agar and majority were positive for mannitol fermentation (yellow colonies, 

219 out of 295 S. aureus isolates). However, only 76 S. aureus isolates were non 

fermenters (pink colonies) on mannitol salt agar (Thermo Fisher Scientific, 

Germany/HiMedia, India). In addition, about 95 percent of S. aureus isolates were 

positive for haemolysis on sheep blood agar. The study findings indicate that only one 

isolate was able to grow on mannitol salt agar (Thermo Fisher Scientific, 

Germany/HiMedia, India) with cefoxitin (4 mg/l, Sigma Aldrich, Germany). All S. 

aureus isolates were able to grow on Baird Parker agar (Sigma Aldrich, Germany, 

MERK KGaA, Germany) with some isolates showing grey-blackish colonies 

surrounded by a clear zone (typical colonies) and some without clear zones (atypical 

colonies). 

 

4.7 Molecular characterisation of S. aureus 

 

4.7.1 Diversity of spa types 

Diversity of spa types among S. aureus isolates was investigated and has been 

described in Table 38, 39, 40 and 41. The current study findings revealed the presence 

of S. aureus belonging to 36 known spa types that included novel spa type t18396, 

t18397, t18398, t18399, t18400, t18402 and t18416. This was the first time these spa 

types have been detected. The following spa types (known) were detected: t002 , t015, 
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t064, t084, t189, t237, t267, t318, t355, t359, t454, t458, t521, t527, t1028, t1096, 

t1201, t1234, t1236, t1299, t2677, t2844,  t2883, t3662, t3772, t4198, t4955, t5229 and 

t6049. The distribution of the spa types among the 295 isolates was different in the 

three provinces with Lusaka province having 23 spa types including the novel type 

t18396 (four isolates), t18397 (one isolate) and t18402 (one isolate) followed by 

Southern province with 12 spa types including novel spa type t18396 (12 isolates) and 

t18416 (one isolate). Also in Western province, 12 known spa types were found, 

including novel spa type t18398 (two isolates), t18399 (three isolates) and t18400 

(three isolates). In Lusaka province, many isolates belong to spa type t189 and t267, 

while in Southern province spa type t521 dominated. S. aureus belonging to spa type 

t355, t267 and t084 were common in all the three provinces. Some S. aureus spa types 

were only found in one or two provinces (Table 38, 39, 40, 41 and Figure: 23). Out of 

the 295 isolates, 55 were untypeable. In addition, many isolates in Western province 

were not typable. Three of the 55 isolates not typed gave no PCR product for spa 

typing; for the others sequencing was not successful.  

 

Table 38: Diversity of S. aureus spa types in the three study provinces in Zambia 

Spa type Lusaka  

(127 

isolates) 

Western  

(75 

isolates) 

Southern  

(93 isolates) 

Total 

number  

t002 1 0 0 1 

t015 1 0 0 1 

t064 0 3 0 3 

t084 3 3 1 7 

t189 46 0 1 47 

t237 3 0 0 3 

t267 25 7 7 39 

t318 1 (1 PVL)* 0 0 1 (1 PVL)* 

t355 8 (7 PVL)* 10 (4 

PVL)* 

6 (PVL)* 24 (17 

PVL)* 

t359 5 0 2 7 

t454 1 (1 PVL)* 0 0 1 

t458 1 0 0 1 

t521 6 0 37 43 

t527 1 0 0 1 

t1028 1 0 0 1 

t1096 0 0 3 (3 PVL)* 3 (3 PVL)* 

t1201 1 0 0 1 

t1234 1 0 0 1 

t1236 1 0 0 1 

t1299 0 5 0 5 
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t2677 0 0 1 1 

t2844 4 0 0 4 

t2883 5 0 0 5 

t3662 0 1 0 1 

t3772 0 1 0 1 

t4198 0 0 7 (7 PVL)* 7 (7 PVL)* 

t4955 0 0 1 1 

t5229 1 0 0 1 

t6049 0 1 0 1 

t18396 (novel) 4 0 12 16 

t18397 (novel) 1 0 0 1 

t18398 (novel) 0 2 0 2 

t18399 (novel) 0 3 0 3 

t18400 (novel) 0 3 0 3 

t18402 (novel) 1 0 0 1 

t18416 (novel) 0 0 1 1 

Total known spa types 23 spa 

types 

12  spa 

types 

12 spa 

types 

36 spa 

types 

Untypeable/unidentified 

isolates 

5 isolates 36 isolates 14 isolates 55 isolates 

* Number of isolates carrying the gene for Panton-Valentine leucocidin is provided in 

brackets. 

* For each spa type at least one isolate was selected for the detailed characterisation 

 

Table 39: Lusaka province spa type diversity 

Spa type Number of isolates Total number of isolates 

t002 1 1 

t015 1 1 

t084 3 3 

t189 46 46 

t237 3 3 

t267 25 25 

t318 1 (1 PVL)* 1 (1 PVL)* 

t355 8 (7 PVL)* 8 (7 PVL)* 

t359 5 5 

t454 1 (1 PVL)* 1 (1 PVL)* 

t458 1 1 

t521 6 6 

t527 1 1 

t1028 1 1 

t1201 1 1 

t1234 1 1 

t1236 1 1 

t2844 4 4 

t2883 5 5 

t5229 1 1 

t18396 (novel) 4 4 
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t18397 (novel) 1 1 

t18402 (novel) 1 1 

Total known spa types 23 spa types 122 isolates 

Untypeable/unidentified 

isolates 

5 isolates 5 isolates 

* Number of isolates carrying the gene for Panton-Valentine leucocidin (PVL) is 

provided in brackets 

 

Table 40: Western province spa type diversity 

Spa type Number of isolates Total number of isolates 

t064 3 3 

t084 3 7 

t267 7 7 

t355 10 (4 PVL)* 10 (4 PVL)* 

t1299 5 5 

t3662 1 1 

t3772 1 1 

t6049 1 1 

t18398 (novel) 2 2 

t18399 (novel) 3 3 

t18400 (novel) 3 3 

Total known spa types 11  spa types 39 isolates 

Untypeable/unidentified 

isolates 

36 isolates 36 isolates 

* Number of isolates carrying the gene for Panton-Valentine leucocidin is provided in 

brackets 

 

Table 41: Southern province spa diversity 

Spa type Number of isolates Total number of isolates 

t084 1 1 

t189 1 1 

t267 7 7 

t355 6 (PVL)* 6 (PVL) 

t359 2 2 

t521 37 37 

t1096 3 (3 PVL)* 3 (3 PVL)* 

t2677 1 1 

t4198 7 (7 PVL)* 7 (7 PVL)* 

t4955 1 1 

t18396 (novel) 12 12 

t18416 (novel) 1 1 

Total known spa types 12 spa types 79 isolates 

Untypeable/unidentified 

isolates 

14 isolates 14 isolates 
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* Number of isolates carrying the gene for Panton-Valentine leucocidin is provided in 

brackets 
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Figure 23: Diversity of spa types in various sample types in the three provinces. A) 

Lusaka, Western and Southern provinces combined; B) Lusaka province; C) Western 

province; D) Southern province. 

 

4.7.2 Enterotoxigenic and vilurence genes detected in S. aureus isolates from 

Lusaka, Western and Southern provinces 

 

4.7.2.1 Enterotoxin gene patterns 

A total of 77 isolates were selected from 295 confirmed S. aureus isolates for further 

characterisation using NGS analysis (40 S. aureus isolates) and DNA microarray 

analysis (37 S. aureus isolates). Enterotoxin gene patterns of isolates were 

investigated. The study findings showed that only 16 out of the 77 isolates (21 percent) 

were enterotoxigenic strains (harbouring at least one enterotoxin gene). The sea gene 

was found in two isolates, seb in three, sec in three as well, sed in one and see in none 

of the 77 isolates. In addition, seh was not harboured by any of the isolates analysed 

in detail. A total of 11 S. aureus isolates (14.3 percent) carried sei. In addition, the 

study findings indicate that only spa type t4198 (three isolates were analysed by DNA 

microarray) harboured two different enterotoxin genes patterns (Table 42). Further, 

among the 77 isolates selected for detailed characterisation, isolates belonging to five 

spa types (t002, t015, t318, t3772 and t4198) harboured at least six or more enterotoxin 

genes (Table 42). These isolates were detected in three pooled raw milk samples and 

from two nasal swabs from milkers. 
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Table 42: Enterotoxin gene patterns observed among 77 isolates characterised in detail 

from the three study provinces  

Spa type  Sample type  Enterotoxin gene 

pattern 

Number of isolates 

with this pattern and 

analysed 

t002  Pooled milk- 

F26-Lusaka-2 

sea, sed, sej, ser, seg, 

sei, selm, seln, selo, 

selu 

1 (1 isolate analysed by 

DNA microarray) 

t015  Nasal- F54-

Lusaka-1 

sec, sel, seg, sei, 

selm, seln, selo,  selu 

1 (1 isolate analysed by 

DNA microarray) 

t064  Nasal swab -F37-

Western-1 

sea 1 (1 isolate analysed by 

DNA microarray) 

t318  Nasal swab-F64-

Lusaka-1 

seg, sei, selm, seln, 

selo, selu 

1 (1 isolate analysed by 

DNA microarray) 

t355   Traditional 

market milk 

(unprocessed)-

Southern-2 

sec, sel 1 (12 isolates analysed 

by NGS) 

t2677  Pooled milk-F91-

Southern-2 

sek, seq 1 (1 isolate analysed by 

DNA microarray) 

t3772  Pooled milk-F46-

Western-2 

sec, sel, seg, sei, 

selm, seln, selo, selu 

1 (1 isolate analysed by 

DNA microarray) 

t4198   Pooled milk-F5-

Southern-1 

(PVL), pooled 

milk-F24-

Southern-1 

(PVL), pooled 

milk-F70-

Southern-1 

seb, seg, sei, selm, 

seln, selo, selu 

3 (3 isolates analysed by 

DNA microarray) 

Unknown spa 

type    

Milk from 

MCC6-Southern-

1, MCC6-

Southern-2, 

unprocessed milk 

from traditional 

market-Southern, 

unprocessed milk 

from traditional 

market-Lusaka, 

pooled milk-F2-

Western-2, sour 

milk from 

traditional 

market-Western-

2   

sei, sem, sen, seo, seu 6 (6 isolates analysed by 

DNA microarray) 

*The sequence quality of the only isolate belonging to t3662 (not listed in the table) 

was not sufficient for analysis of enterotoxin genes. 
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4.7.2.2 Virulence gene patterns 

Virulence gene patterns of S. aureus isolates from the dairy value chain in three study 

provinces was investigated. Diversity in virulence genes among isolates has been 

described in Table 43. The current study findings indicate that the overall number of 

PVL-positive isolates in the three study provinces was 29 out of 295 (9.8 percent) S. 

aureus isolates. In addition, Southern province had highest number of PVL-positive 

isolates (15/29, 51.7%) followed by Lusaka (9/29, 31%) and Western (4/29, 13.8%) 

(Table 38, 39, 40, 41). Out of the 77 S. aureus isolates characterised in detail, all 

isolates carried the genes for HlgAB and 55 (71.4 percent) for HlgCB. Furthermore, 

54 isolates (70 percent) harboured lukE and lukD leucocidin genes. Further, 17 isolates 

(22.8 percent) harboured the PVL genes lukF-PV and lukS-PV. Of the 37 isolates 

analysed by DNA microarray, 5 isolates (13.5 percent) carried the bovine variants 

lukF-PV (P83) and lukM. Moreover, of these 37 isolates, 36 (97.3 percent) harboured 

lukY, while at least 27 isolates (73 percent) carried lukX. For another 11 isolates (29.7 

percent) analysed by DNA microarray, the signal for lukX was ambiguous. The study 

findings also showed different spa types harbouring different types of leucocidin 

genes. In addition, isolates belonging to t2883 (three isolates analysed by DNA 

microarray) carried at least two leucocidin gene patterns. Only the analysed isolates 

belonging to spa type t1299, both analysed by NGS, did not harbour any of the 

leucocidin genes detected so far by NGS (hlgA, hlgB, hlgC, lukD, lukE, lukF-PV and 

lukS-PV) (Table 43). 

 

Almost all isolates harboured at least two or more genes for other virulence factors, 

with all 77 isolates characterised in detail carrying aur gene (100 percent). In addition, 

73 isolates (95 percent) harboured hlb, 56 isolates (73 percent) at least harboured splB, 

53 isolates (69 percent) carried splA, 45 isolates (58 percent) carried splE and 26 

isolates (34 percent) harboured edinB. Further, the study findings indicated that 

isolates belonging to t084 harboured at least two patterns of virulence genes (aur, etA, 

hlgA, splA, splB, splE and aur, hlgA, splA, splB, splE). In addition, the current study 

findings show that all PVL-positive isolates that were characterised in detail carry the 

hlb (β-haemolysin) gene and most of them also carry edinB gene (except the 

characterised isolates belonging to t318 and t4198) (Table 43). The study findings 
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showed that 12 S. aureus isolates out of 77 (15.6 percent) belonging to at least four 

spa types harboured a tst1 gene (Table 43). 

 

The study findings showed that 28 S. aureus isolates (36.4 percent) out of 77 belonging 

to 11 spa types harboured at least two or three immune evasion cluster (IEC) genes 

(sak + scn or chp + scn or sak + chp + scn). Moreover, one S. aureus isolate each, 

belonging to t015 (one analysed by DNA microarray), t318 (one analysed by DNA 

microarray) and t3772 (one analysed by DNA microarray), respectively, harboured 

sak, chp and scn genes. In addition, one isolate each, belonging to t002 (one analysed 

by DNA microarray), t064 (one analysed by DNA microarray), t454 (one analysed by 

DNA microarray) and t6049 (one analysed by DNA microarray), respectively, also 

harboured sak and scn genes. Further, the study findings also indicated that 12 S. 

aureus isolates belonging to t355 (12 analysed by NGS) and three isolates belonging 

to t1096 (three analysed by NGS) harboured sak and scn genes. In addition, four S. 

aureus isolates belonging to t084 and characterised in detail harboured chp and scn 

genes (Table 43)
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Table 43: Selected virulence genes observed among the spa types from the three provinces 

Spa 

type  

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type  Leucocidin gene pattern  Other virulence 

factors 

Toxic-

shock-

syndrome 

toxin gene 

Immune 

evasion 

cluster 

gene 

pattern 

t002  CC5 1 (micro-

array) 

Pooled milk-F26-Lusaka2 hlgA, hlgB, hlgC, lukD, 

lukE, lukY 

aur, etA, hlb,splA, splB - sak, scn 

t015 CC45 1 (micro-

array) 

Nasal swab- F54-Lusaka1 hlgA, hlgB, hlgC, lukX, 

lukY 

aur tst1 sak, chp, 

scn 

t064 CC8 1 (micro-

array) 

Nasal swab-F37-Western1  hlgA, hlgB, hlgC, lukD, 

lukE, (lukX)*, lukY 

aur, hlb, splA, splB, 

splE 

- sak, scn 

t084  CC15 4 (micro-

array) 

Hands-F49-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, (lukX)*, lukY 

aur, etA, splA, splB, 

splE  

- chp, scn 

Hands-F9-Western1 As above aur, splA, splB, splE - chp, scn 

Pooled milk-F32-Western2, 

Milk-T3-Southern1 

hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, splA, splB, splE - chp, scn 

t189  Unknown 

CC 

(Unknown 

ST) 

5 (NGS)  Pooled milk-F62- Lusaka1, 

Hands-F62-Lusaka1,   

Milk bucket-F62-Lusaka1,  

Mastitis milk-F29-Lusaka1, 

Pooled milk-F29-Lusaka2 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, hlb, splA, splB, 

splE 

- - 

t237  CC97 1 (micro-

array) 

Pooled milk-F1-Lusaka2 hlgA, hlgB, hlgC, lukD, 

lukE, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t267  Unknown 

CC 

(ST97) 

5 (NGS) Pooled milk-F9-Lusaka1, 

pooled milk-F9-Lusaka2, 

pooled milk-F61-Lusaka1, 

milk bucket-F61-Lusaka1, 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, hlb, splA, splB, 

splE 

- - 
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Spa 

type  

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type  Leucocidin gene pattern  Other virulence 

factors 

Toxic-

shock-

syndrome 

toxin gene 

Immune 

evasion 

cluster 

gene 

pattern 

Milk processing plant (pre-

processed)-MPP1-Western1 

t318 

(PVL) 

CC30 1 (micro-

array) 

Nasal-F64-Lusaka1- hlgA, hlgB, hlgC, lukF-PV, 

lukS-PV, (lukX)*, lukY 

aur, hlb, splE - sak, chp, 

scn 

t355 

(PVL)  

Unknown 

CC 

(ST152) 

9 (NGS) Milk bucket-F10-Lusaka1, 

nasal-F10-Lusaka1,  

Traditional market milk 

(unprocessed)-Southern 

hlgA, hlgB, lukF-PV, lukS-

PV 

aur, edinB, hlb tst1 sak, scn 

Bucket-F40-Lusaka1, 

pooled milk-F40-Lusaka2, 

pooled milk-F30-Western1, 

hands-F30-Western1, 

bucket-F32-Southern1, 

hands-F32-Southern1 

As above aur, edinB, hlb - sak, scn 

t355  Unknown 

CC 

(ST152) 

3 (NGS) Hands-F46-Lusaka1,  

pooled milk-F33-Western1,  

pooled-F6-Western2 

hlgA, hlgB aur, edinB, hlb - sak, scn 

t359   CC97 3 (micro-

array) 

Pooled milk-F17-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, (lukX)*, lukY 

aur, hlb, splA, splB, 

splE 

tst1 - 

Milk bucket-F28-Lusaka1, 

pooled milk-F48-Southern2 

hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t454 

(PVL) 

CC152 1 (micro-

array) 

Milk bucket-F41-Lusaka1 hlgA, hlgB,  lukF-PV, 

lukS-PV, lukY 

aur, edinB, hlb  - sak, scn 
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Spa 

type  

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type  Leucocidin gene pattern  Other virulence 

factors 

Toxic-

shock-

syndrome 

toxin gene 

Immune 

evasion 

cluster 

gene 

pattern 

t458  CC97 1 (micro-

array) 

Pooled milk-F45-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t521  Unknown 

CC 

(ST97) 

4 (NGS) Mastitis milk-F70-

Southern1, milk collection 

centre milk-MCC1-

Southern1, hands-F50-

Lusaka1, pooled milk-F50-

Lusaka2 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, hlb, splA, splB, 

splE 

- - 

t527 CC97 1 (micro-

array) 

Pooled milk-F64-Lusaka1  hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t1028  CC97 1 (micro-

array) 

Pooled milk-F69-Lusaka2 hlgA, hlgB, hlgC, lukD, 

lukE, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t1096 

(PVL) 

Unknown 

CC 

(ST152) 

3 (NGS) Pooled milk-F3-Southern1, 

pooled milk-F69-Southern1, 

pooled milk-F80-Southern1 

hlgA, hlgB, lukF-PV, lukS-

PV 

aur, edinB, hlb,  - sak, scn 

t1201  CC97 1 (micro-

array) 

Pooled milk-F37-Lusaka2 hlgA, hlgB, hlgC, lukF-PV 

(P83), lukM, lukD, lukE, 

(lukX)*, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t1234 CC97 1 (micro-

array) 

Pooled milk-F32-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t1236 CC97 1 (micro-

array) 

Milk bucket-F25-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE,  (lukX)*, lukY 

aur, hlb, splA, splB, 

splE 

- - 
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Spa 

type  

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type  Leucocidin gene pattern  Other virulence 

factors 

Toxic-

shock-

syndrome 

toxin gene 

Immune 

evasion 

cluster 

gene 

pattern 

t1299  Unknown 

CC 

(ST152) 

2 (NGS) Pooled milk-F32-Western1, 

pooled milk-F32-Western1 

hlgA, hlgB aur, edinB, hlb - sak, scn 

t2677  CC522 1 (micro-

array) 

Pooled milk-F91-Southern2 hlgA, hlgB, hlgC, lukF-PV 

(P83), lukM, (lukX)*, lukY 

aur, hlb tst1 - 

t2844  CC97 3 (micro-

array) 

Milk bucket-F38-Lusaka1, 

hands-F47-Lusaka1, pooled 

milk-F72-Lusaka2 

hlgA, hlgB, hlgC, 

lukF-PV (P83), lukM, 

lukD, lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t2883  CC97 2 (micro-

array) 

Pooled milk-F13-Lusaka1, 

hands-F43-Lusaka1 

hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t2883 CC97 1 (micro-

array) 

Milk bucket-F43-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t3772 CC25 1 (micro-

array) 

Pooled milk-F46-Western2 hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, etD, edinB, hlb, 

splA, splB  

- sak, chp, 

scn 

t4198 

(PVL)  

CC121 3 (micro-

array) 

Pooled milk-F5-Southern1, 

pooled milk-F24-Southern1, 

pooled milk-F70-Southern1 

hlgA, hlgB, hlgC, lukF-PV, 

lukS-PV, lukD, lukE, lukX, 

lukY 

aur,  hlb, splB - - 

t4955  CC97 1 (micro-

array) 

Pooled milk-F66-Southern2 hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t5229  CC97 1 (micro-

array) 

Milk bucket-F42-Lusaka1 hlgA, hlgB, hlgC, lukD, 

lukE, (lukX)*, lukY 

aur, hlb, splA, splB, 

splE 

- - 

t6049 CC152 1 (micro-

array) 

Pooled milk-F23-Western1 hlgA, hlgB, lukY aur, edinB, hlb - sak, scn 
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Spa 

type  

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type  Leucocidin gene pattern  Other virulence 

factors 

Toxic-

shock-

syndrome 

toxin gene 

Immune 

evasion 

cluster 

gene 

pattern 

t18400 Unknown 

CC 

2 (NGS) Pooled milk-F8-Western1, 

milk bucket-F8-Western1 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, hlb, splA, splB, 

splE 

- - 

Un-

typed    

Unknown 

(ST3575) 

6 (NGS) Milk from MCC6-

Southern1, MCC6-

Southern2, unprocessed 

milk-traditional market-1-

Southern-2 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, edinB, hlb, splA, 

splB 

tst1 - 

Unprocessed milk-

traditional market-1-

Lusaka1, (Western) pooled 

milk-F2-Western2, sour 

milk-traditional market-

Western-2 

As above aur, edinB, hlb, splA, 

splB 

- - 

Un-

typed  

CC97 1 (micro-

array) 

Pooled milk-F68-Lusaka2 hlgA, hlgB, hlgC, lukD, 

lukE, lukY 

aur, hlb, splA, splB, 

splE 

- - 

Un-

typed  

CC97 1 (micro-

array) 

Pooled milk-F12-Southern1 hlgA, hlgB, hlgC, lukD, 

lukE, lukX, lukY 

aur, hlb, splA, splB, 

splE, sspA, sspB 

- - 

Un-

typed   

CC97 2 (micro-

array) 

Pooled milk-F92-Southern2, 

sour milk-Traditional 

market-1-Lusaka2 

hlgA, hlgB, hlgC, lukD, 

lukE, (lukX)*, lukY 

aur, hlb, splA, splB, 

splE, sspA, sspB 

- - 

Un-

typed  

Unknown 2 (NGS) Pooled milk-F10-Western1, 

milk bucket-F10-Western1 

hlgA, hlgB, hlgC, lukD, 

lukE 

aur, hlb, splA, splB, 

splE 

- - 

1 The sequence quality of the isolate belonging to t3662 (not listed) was not sufficient for analysis of virulence genes.  
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2 MCC stands for milk collection centre, MPP for milk processing plant, F for farms where isolates were detected and T for trader.  

3 Please note that genes lukF-PV (P83), lukM, lukX and lukY were detected with the microarray but so far not by NGS. 
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* Ambiguous signal in DNA microarray observed in the current study; may mean gene might 

be present. 

 

4.8 Core-genome MLST analysis 

A total of 40 S. aureus isolates were analysed by NGS. Core-genome MLST analysis was used 

to determine the genetic relatedness of selected S. aureus isolates belonging to same spa types 

found on same farm or facility during the two sampling visits in the same province or different 

provinces. The study findings show that the isolates of the same spa type isolated from different 

matrices at the same facilities were genetically related. In addition, the study finding revealed 

the presence of at least 8 clusters of S. aureus (Figure 24). Further, the study finding indicate 

that isolates belonging to cluster 1, 2, 3, 6, 7 and 8 were related genetically. The current study 

indicates that isolates from milker hand swab (M42) was closely related to isolate from pooled 

raw milk (M14) from the same farm obtained during the first sampling visit and these isolates 

belonged to cluster 2. In addition, isolates from pooled raw milk and milk bucket swabs 

respectively (L071 and L050 from one farm, L083 and L131 from another farm and, L093 and 

L069 from another farm), isolated during same sampling period were genetically closely 

related. Isolates L049 from mastitis a cow and L126 from pooled raw milk collected from the 

same farm during the same sampling period were genetically related. 
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Figure 24: Phylogenetic tree showing genetic relatedness of isolates. The phylogenetic analysis 

was performed using the cgMLST V1.3 S. aureus MLST v1.1. The cluster distance threshold 

was 24. Clusters of interest included: Cluster 7 (consisting of isolates from pooled milk samples 

from same farm), Cluster 8 (consisting isolates from pooled milk sample and milker hand from 

same farm), cluster 1 (consists isolates from pooled milk and bucket swab from same farm), 

Cluster 2 (consists isolates from nasal swab from milker and milk bucket swab from same farm) 

and Cluster 3 (consist isolates from pooled milk from a farm and pre-processed milk from milk 

processing plant). 

 

4.9 Antimicrobial resistance genes of S. aureus isolates 

For 77 isolates, information on genes mediating antimicrobial resistance was collected and for 

72 of these isolates, the patterns were analysed by antimicrobial susceptibility test. Of the 77 

isolates, selected for detailed characterisation at least 38 isolates (49.4 percent) harboured 

norA-like (for fluoroquinolone resistance). In addition, 36 S. aureus isolates (46.8 percent) 

harboured the penicillin resistance gene blaZ or blaZ-like and 25 isolates (32.5 percent) the 

tetracycline resistance gene tetK or tetK-like. Other identified antimicrobial resistance genes 
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detected among isolates included at least: 11 isolates (14.3 percent) with dfrG (trimethoprim 

resistance), eight with fosB (fosfomycin resistance), four with erm(C) or erm(C)-like, one with 

mph(C) (macrolide resistance), one with msr(A)-like (macrolide–lincosamide–streptogramin B 

resistance) and/or one with cat (chloramphenicol resistance). Further, 31 S. aureus isolates 

(40.3 percent) out of 77 harboured at least one antibiotic resistance gene, whereas 37 isolates 

(48 percent) carried at least 2-4 genes as indicated in Table 44.  

 

There was wide diversity of genetic characteristics of S. aureus isolates belonging to spa type 

t355 (of which 12 has been analysed in detail) and harboured at least 5 different antimicrobial 

resistance gene patterns. The study findings also indicated that S. aureus isolates belonging to 

t267 (five isolates characterised) harboured at least four different antimicrobial resistance gene 

patterns. In addition, at least three different antimicrobial resistance gene patterns are 

harboured by isolates belonging to t189 (five isolates characterised), t521 (four isolates 

characterised) and t084 (four isolates characterised) each. Furthermore, spa type t2883 (four 

isolates characterised) and t18400 (two isolates characterised) carried at least two different 

antimicrobial resistance gene patterns each as shown in Table 44.  

 

4.10 Antimicrobial resistance profiles of S. aureus isolates 

Of the 72 S. aureus isolates subjected to antimicrobial susceptibility tests, 30 (41.7 percent) 

were phenotypically resistant to at least penicillin (Lusaka province 16 isolates, Western 8 and 

Southern 6), 24 (33.3 percent) were resistant to at least tetracycline (Lusaka province 15 

isolates, Western 5 and Southern 4) while about 20 (27.8 percent) were resistant to at least 

trimethoprim (Lusaka province 6 isolates, Western 9 and Southern 5). In addition, 28 isolates 

out of 72 (38.9 percent) were resistant to at least one antibiotic 

(penicillin/streptomycin/tetracycline or trimethoprim. Further, 24 isolates out of 72 (33.3 

percent) were resistant to at least two or more antibiotics. In addition, 14 isolates out of 72 

(19.4 percent) subjected to antimicrobial susceptibility test were resistant to three or more 

antibiotics (multiple or multidrug resistance) (Table 44). Tetracycline (13 isolates), penicillin 

(12 isolates) and trimethoprim (six isolates) were frequently observed among multiple 

antibiotic resistant patterns. Other antibiotic resistance profiles observed include resistance to 

streptomycin in 8 isolates (all from Lusaka province), Erythromycin in six isolates (three from 

Southern province, two isolates from Lusaka and one isolate from Western), Sulfamethoxazole 
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in three isolates (all in Western province), Gentamycin, Kanamycin and chloramphenicol in 

one isolate respectively (all from Lusaka province). 

 

One isolate from pooled raw milk belonging to t267 (six isolates analysed, five isolated from 

milk and one from bucket swab) was resistant to five antibiotics, gentamicin, kanamycin, 

penicillin, streptomycin and tetracycline. Further, three S. aureus isolates belonging to the same 

spa type were resistant to penicillin and, the other two isolates were resistant to streptomycin. 

In addition, S. aureus isolate belonging to spa type t064 (one isolate analysed) isolated from 

nasal swab was resistant to four antibiotics including penicillin, sulfamethoxazole, tetracycline 

and trimethoprim. In addition, S. aureus isolate belonging to spa type t3772 (one isolate 

analysed) isolated from milk was resistant to four antibiotics including penicillin, 

sulfamethoxazole, tetracycline and trimethoprim. On the other hand, S. aureus isolates 

belonging to t355 (11 isolates analysed) showed four antibiotic resistance patterns. Further, 

three isolates (from hand, bucket swab and unprocessed milk from traditional market) were 

resistant to penicillin, tetracycline and erythromycin and another three isolates (from milk and 

hands) were resistant to penicillin, tetracycline and trimethoprim while four isolates (from 

hands and milk) were resistant to penicillin and trimethoprim and, one isolate (from milk) was 

resistant to tetracycline. S. aureus isolates belonging to t084 (four isolates analysed) showed 

three antibiotic resistance patterns. In addition, one isolate (from hand swab) was resistant to 

penicillin, tetracycline and trimethoprim and another isolate (from milk) was resistant to 

penicillin and trimethoprim while two isolates (from hands and milk) were resistant to 

trimethoprim. 

 

S. aureus isolates belonging to t359 (three isolates analysed) showed two antibiotic resistance 

patterns. In addition, one isolate (from bucket swab) was resistant to penicillin, tetracycline 

and streptomycin and, another isolate (from milk) was resistant to tetracycline only while one 

isolate (from milk) was susceptible (sensitive) to all the 19 antibiotic used. Further, S. aureus 

isolates belonging to t189 (five isolates analysed) also showed two antibiotic resistance 

patterns. In addition, two isolates (from hands and bucket swab) were resistant to erythromycin, 

tetracycline and streptomycin and another isolate (from milk from mastitis cow) was resistant 

to tetracycline while two isolates (from milk) were susceptible (sensitive) to all 19 antibiotics. 

One isolate from milk belonging to t458 (one isolate analysed) was resistant to penicillin, 
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chloramphenicol and tetracycline (Table 44). Further, study findings showed that one S. aureus 

isolate from milk in Western province belonging to a novel spa type t18400 (two isolates 

analysed) was resistant to tetracycline while the other isolate from bucket swab at the same 

farm was susceptible to all 19 antibiotics.  In addition, some isolates belonging to unknown 

spa types were resistant to streptomycin and tetracycline while some were resistant to 

tetracycline only and some were susceptible to all 19 antibiotics used. Further, at least one or 

more isolate belonging to t189, t359, t521, t1201, t2677, t2844, t2883, t4955 were susceptible 

to all 19 antibiotics. A total of 20 isolates out of 73 (27.4 percent) were susceptible to all 19 

antibiotics used in the antimicrobial susceptibility test (Table 44). A total of 14 isolates were 

resistant to three or more antibiotics (multidrug resistance) and these were detected in nasal 

and hand swabs from milkers, in raw milk from farms, raw milk from traditional market and 

bucket swabs. 

 

Table 44: Phenotypic antibiotic resistance patterns observed among the isolates from the three 

provinces 

Spa 

type 

Clonal 

complex 

Number 

of 

analysed 

isolates 

Sample type   Resistance 

gene 

pattern 

Antibiotic 

resistance 

pattern 2 

t002  CC5 1 (micro-

array) 

Pooled milk-F26-

Lusaka2 

blaZ, fosB PEN, TMP 

t015  CC45 1 (micro-

array) 

Nasal-F54-Lusaka1 blaZ PEN 

t064  CC8 1 (micro-

array) 

Nasal-F37-Western1 blaZ, tetK, 

fosB 

PEN, 

SMX, 

TET, TMP 

t084  CC15 4 (micro-

array) 

Nands-F49-Lusaka1, blaZ, tetK, 

fosB 

PEN, TET, 

TMP 

 pooled milkF32-

Western2 

blaZ, fosB PEN, TMP 

Hands-F9-Western1, 

milk from trader 

milk 3-Southern1 

fosB TMP 

t189  Unknown 

CC/unkno

wn ST 

5 (NGS) Hands-F62-Lusaka1, 

bucket-F62-Lusaka1 

norA-like, 

tet(K), 

mph(C), 

msr(A)-

like, 

ant(6)-la-

like  

ERY, STR, 

TET 
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Mastitis milk-F29-

Lusaka1 

norA-like, 

tet(K)-like 

TET 

Pooled milk-

F62,Lusaka1, pooled 

milk-F29-Lusaka2 

norA-like Susceptible 

to all 19 

antibiotics 

tested 

t237  Unknown 

CC 

(ST97) 

1 (micro-

array) 

Pooled milk-F1-

Lusaka2 

tet(K) TET 

t267  Unknown 

CC 

(ST97) 

5 (NGS) Pooled milk-F9-

Lusaka1 

norA-like, 

blaZ-like, 

tet(K)-like,  

aac(6’)-

aph(2”), 

str-like 

GEN, 

KAN, 

PEN, STR, 

TET 

Pooled milk-F61-

Lusaka1 

norA-like, 

ant(6)-la-

like,  

str-like 

STR 

Milk bucket-F61-

Lusaka1 

norA-like, 

ant(6)-la-

like 

STR 

Pooled milk-F9-

Lusaka2,  

milk from 

processing plant 

(pre-processed)-

MPP1-Lusaka1 

norA-like, 

blaZ 

PEN 

t318 

(PVL)  

CC30 1 (micro-

array) 

Nasal-F64-Lusaka1 blaZ, fosB PEN 

t355 

(PVL)  

Unknown 

CC 

(ST152) 

9 (NGS) Hands-F32-

Southern1, bucket-

F32-Southern1, 

traditional market 

milk (unprocessed) 

Southern 

norA-like, 

blaZ-like, 

tet(K), 

erm(C)/ 

erm(C)-

like 

ERY, 

PEN, TET 

Pooled milk-F40-

Lusaka2, (Western) 

pooled milk-F30-

Western1, hands-

F30-Western1 

norA-like, 

blaZ-like, 

dfrG, 

tet(K) 

PEN, TET, 

TMP 

Nasal-F10-Lusaka1, 

bucket-F10-

Lusaka1, hands-

F46-Lusaka1,  

Pooled milk-F6-

Western2 

norA-like, 

blaZ-like, 

dfrG 

PEN, TMP 
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t355  Unknown 

CC 

(ST152) 

1 (NGS) Pooled milk-F33-

Western1 

norA-like, 

tet(K)-like 

TET 

t359  CC97 3 (micro-

array) 

Milk bucket-F28-

Lusaka1 

blaZ, 

tet(K) 

PEN, STR, 

TET 

Pooled milk-F48-

Southern2 

- TET 

Pooled milk-F17-

Lusaka1 

- Susceptible 

to all 19 

antibiotics 

tested 

t454  CC152 1 (micro-

array) 

(PVL) Bucket-F41-

Lusaka1 

blaZ PEN, TMP 

t458  CC97 1 (micro-

array) 

Pooled-F45-Lusaka1 blaZ, 

tet(K), cat 

CHL, 

PEN, TET 

t521  Unknown 

CC 

(ST97) 

4 (NGS) Milk collection 

centre milk-MC1-

Southern1 

norA-like, 

blaZ-like, 

str-like 

PEN 

Pooled milk-F50-

Lusaka2 

norA-like, 

blaZ-like 

PEN 

Mastitis milk-F70-

Southern1, (Lusaka) 

hands-F50-Lusaka1 

norA-like Susceptible 

to all 19 

antibiotics 

tested 

t527  CC97 1 (micro-

array) 

Pooled milk-F64-

Lusaka1 

- Susceptible 

to all 19 

antibiotics 

tested 

t1028  CC97 1 (micro-

array) 

Pooled milk-F69-

Lusaka2 

- STR 

t1096 

(PVL)  

Unknown 

CC 

(ST152) 

1 (NGS) (PVL) Pooled milk-

F3-Southern1 

norA-like, 

blaZ-like, 

dfrG 

PEN, TMP 

t1201  CC97 1 (micro-

array) 

Pooled milk-F37-

Lusaka2 

- Susceptible 

to all 19 

antibiotics 

tested 

t1234  CC97 1 (micro-

array) 

Pooled milk-F32-

Lusaka1 

blaZ PEN 

t1236  CC97 1 (micro-

array) 

Milk bucket-F25-

Lusaka1 

blaZ PEN 

t1299  Unknown 

CC 

(ST152) 

1 (NGS) Pooled milk-F32-

Western1  

norA-like, 

blaZ-like 

PEN  

t2677  CC522 1 (micro-

array) 

Pooled milk-F91-

Southern2 

- Susceptible 

to all 19 

antibiotics 

tested 
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t2844  CC97 3 (micro-

array) 

Hands-F47-Lusaka1 tet(K) TET 

Milk bucket-F38-

Lusaka1, pooled 

milk-F72-Lusaka2 

- Susceptible 

to all 19 

antibiotics 

tested 

t2883  CC97 3 (micro-

array) 

Pooled milk-F13-

Lusaka1 

tet(K) TET 

Hands-F43-Lusaka1, 

bucket-F43-Lusaka1 

blaZ Susceptible 

to all 19 

antibiotics 

tested 

t3662  CC97 1 (micro-

array) 

Pooled milk-F4-

Western2 

see 

footnote 3 

SMX, 

TMP 

t3772  CC25 1 (micro-

array) 

Pooled milk-F46-

Western2 

blaZ, erm 

(C), fosB 

ERY, 

PEN, 

SMX, 

TMP 

t4198 

(PVL)  

CC121 3 (micro-

array) 

(PVL) Pooled milk-

F5-Southern1, 

pooled milk-F24-

Southern1, pooled 

milk-F70-Southern1 

fosB TMP 

t4955  CC97 1 (micro-

array) 

Pooled milk-F66-

Southern2 

blaZ, 

tet(K) 

Susceptible 

to all 19 

antibiotics 

tested 

t5229  CC97 1 (micro-

array) 

Milk bucket-F42-

Lusaka1 

tet(K) TET 

t6049  CC152 1 (micro-

array) 

Pooled milk-F23-

Western1 

- TMP 

t18400  Unknown 

CC 

2 (NGS) Pooled milk-F8-

Western1 

norA-like, 

tet(K) 

TET 

Milk bucket-F8-

Western1 

norA-like Susceptible 

to all 19 

antibiotics 

tested 

Un-

known 

Unknown 

CC 

1 (micro-

array) 

Pooled milk –F68-

Lusaka2 

tetK STR, TET 

Un-

known 

Unknown 

CC 

1 (micro-

array) 

Sour milk from 

traditional market -

Lusaka2 

tetK TET 

Un-

known 

Unknown 

(ST3575) 

3 (NGS) Unprocessed milk-

traditional market-

Lusaka1, 

Sour  milk-

traditional market-

Western2,  

norA-like Susceptible 

to all 19 

antibiotics 

tested 
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Milk-MCC- 6-

Southern1 

Un-

known 

Unknown 

CC 

1 (NGS) Pooled milk-F10-

Western1 

norA-like 

Un-

known 

Unknown 

CC 

2 (micro-

array) 

Pooled milk F–12-

Southern1, pooled 

milk F- 92-

Southern1 

- 

1 MCC: stands for milk collection centre, MPP stands for milk processing plant, F stands for 

farm:  

2 16 classes (groups) of antimicrobials (Table 6). CLI: clindamycin, PEN: penicillin, TET: 

tetracycline, SYN: quinupristine/ dalfopristin, CHL: chloramphenicol, CIP: ciproflaxacin, 

RIF: rifampicin, KAN: kanamycin, STR: streptomycin, TIA: tiamulin, GEN: gentamicin, 

FUS: fusidic acid, SMX: sulfamethaxazole, MUP: mupirocin, TMP: trimethoprim, VAN: 

vancomycin, ERY: erythromycin, FOX: cefoxitin and LZD: linezolid. 

3 The sequence quality of the isolate belonging to t3662 was not sufficient for analysis of 

virulence genes.  
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CHAPTER FIVE 

 

DISCUSSION 

The current study focused on understanding the milk handling, hygiene and safety practices 

among stakeholders and determination of the presence of virulent, enterotoxigenic and 

antibiotic resistant strains of S. aureus along the dairy value chain in Lusaka, Western and 

Southern provinces of Zambia in order to identify interventions to reduce the risk to milk 

consumers, farmers and other stakeholders.  

 

5.1. Structures, management and milk handling/hygienic practices of stakeholders and 

potential contribution to contaminations with S. aureus in the Zambian dairy chain  

  

5.1.1 Socio-economic status of participants in the three provinces  

Only smallholder and traditional dairy farmers were targeted in the current study. Commercial 

farmers were not visited and were not in focus of the current study. Southern and Lusaka 

provinces had a highest percentage of farmers in the age range 40 to 49 while in Western 

province many farmers were in the age range 50 to 59 years (Table 7). In addition, Lusaka and 

Southern provinces had many farmers earning 3000 Zambian Kwacha or more as monthly 

income (Table 9) and these probably belonged to the working class hence the highest income. 

In Western province, many farmers could be mainly retirees and this explains why the province 

has many farmers earning 500 Kwacha or less per month as income. Further, the other reason 

for Lusaka and Southern province earning highest monthly incomes might be that some of 

interviewed farmers had many lactating cows per farm which probably contributed to the 

monthly income. Many farmers in Western province had very few lactating cows per farm and 

this may also be contributing less to the monthly income (Table 9, 10). The low monthly 

incomes in Western province could be the reason why most farmers failed to build milking 

sheds or buy proper milking equipment such as metal containers.  

 

Western (37 percent) and Southern (22 percent) provinces had the highest number of 

farmers/milkers who were not very educated and attended only primary level (Table 8). Some 

interviewed farmers did not take care of milk safety in Lusaka and Southern provinces while 

selling milk to consumers or communities (Table 12) probably due to ignorance as a result of 
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low level of education. These findings are consistent with that of a study in Ethiopia on pastoral 

community with the aim of assessing milk handling practices among farmers which reported 

low levels of education among the farmers (Worku et al., 2014). Further, Lusaka had many 

very educated farmers who attended tertiary level (Table 8) compared to Western and Southern 

provinces. In addition, education to a greater extent could play a key role in influencing 

household incomes, hygienic practices, health and socio-economic status of ordinary families. 

 

MCCs in Southern province had active members between 71-300 followed by Lusaka with 34-

90 members and Western province had the lowest with 12 to 33 members (Table 16). The 

membership had a direct relationship with the volume of milk handled by the MCC. From 

observation, in Southern province, most of the MCCs handled larger volumes of milk on 

average compared to Lusaka and Western provinces (Phiri et al., 2021).  

 

The majority of the interviewed milk traders were in the age ranges of 30 to 39 and 40 to 49 

years and had a monthly income of less or equal to 500 Zambian kwacha. However, only 60 

percent (3/5) of milk traders in Lusaka province and 80 percent (4/5) in Western had a monthly 

income of 500 to 1000 compared to Southern province with one hundred percent (5/5) (Table 

23). Further, the income level of milk traders might also have an influence on the amount of 

milk handled, containers used and hygienic practices. High monthly incomes could make the 

milk traders to buy and sell more milk. Only two out of 15 interviewed milk traders belonged 

to the MCCs in Lusaka (Phiri et al., 2021) and this mean that they had ready market for their 

milk as they can sell to the MCCs.  

 

Many milk traders like farmers/milkers had no or little knowledge about milk hygiene and 

safety due to low level of education (Table 22). Such individuals may practice very poor milk 

handling and safety practices unknowingly and this may put the consumer at a risk. In addition, 

most of the milk traders were not very educated in all the three provinces and mainly attended 

primary and secondary levels (Table 22). The current finding is also consistent with a study in 

Ethiopia which found that majority (90 percent to 92.5 percent) of milk farmers and traders 

(77.5 to 90.7 percent) in Boran pastoral communities were illiterate (Amentie et al., 2016).  

It was observed that majority of the participants in the supermarkets were managers or 

supervisors in charge of milk and its products sales and orders. Western and Southern provinces 
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had some supermarkets/shops with managers/supervisors having very low education (grade 

seven and below) (Table 26). Therefore, the level of education among managers and 

supervisors could influence the milk handling and hygienic practices in the supermarket or 

shop. Managers and supervisors with low education such as those in Western and Southern 

have less knowledge regarding hygiene and food safety compared to the educated counterparts. 

Such managers or supervisors might allow poor milk handling and hygienic practices among 

the workers they supervise due to mainly their ignorance. 

 

Lusaka province had a higher number of educated milk consumers with higher monthly 

incomes than Western and Southern provinces (Table 31, 32). High monthly income had 

influence on the amount of milk they bought and consumed with their families every month. 

Further, majority of milk consumers in Southern (57 percent) and Western (55 percent) 

provinces had lower incomes than those in Lusaka (≤ 1000 kwacha) per month per household 

(Table 32) (Phiri et al., 2021). There is more money circulating in Lusaka province and it is 

expected that on average, every category of persons will earn more income than those in other 

provinces. Low levels of income in Western and Southern was probably because most of the 

milk consumers in these provinces were not in employment. Their low household economic 

status, coupled with lower education level could have an influence on their milk hygienic 

practices. Low levels of incomes could make them look for cheaper milk (poor quality) and 

this could expose them to health risks. Increased family incomes could have an influence on 

the capacity of consumers to buy more milk. In addition, the majority of milk consumers in 

Lusaka province (60 percent) and Western (52.5 percent) had more than 5 family members per 

household (big families). The family size of the milk consumer could also influence the 

volumes of milk bought and handled on a daily basis. Milk consumers who handle large 

volumes of milk may have challenges in handling and storage leading to possible compromises 

in the hygiene and safety of milk. On the other hand, majority of milk consumers in Southern 

(61 percent) and Western (60 percent) provinces declared that farming was their main 

occupation and this was there source of livelihood.  
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Lusaka province had a high percentage (76 percent) of milk consumers who were very educated 

(at least attending college and university) than Western and Southern provinces (Table 31). 

However, all the three provinces had some milk consumers with no knowledge of food hygiene 

and, some of milk consumers thought food hygiene was not important probably due to 

ignorance on food safety issues, especially in Lusaka and Western provinces. Lusaka province 

had a higher number of educated milk consumers with higher monthly income than Western 

and Southern provinces (Table 31, 32). However, education did not seem to improve the milk 

handling hygiene and safety practices. Food safety and hygiene ignorance can expose the milk 

consumers to high risk of consumption of contaminated milk. A study in Ethiopia reported that 

the majority of milk consumers were illiterate and also that milk handling activities along the 

dairy value chain were unhygienic, probably because of lack of knowledge on hygienic milk 

handling, and this definitely would affect milk safety (Amentiie et al., 2016). 

 

5.1.2 Milk production and management practices of participants 

According to the observations made, most farms in Lusaka province were managed by workers 

instead of family members of farm owners, probably because most owners stayed with their 

families in the towns (urban areas) and only regularly visited their farms. It is tempting to 

speculate, that the workers were not very educated and that poor hygienic practices may be 

applied widely during milking and milk handling (making contamination of milk more likely), 

because farm owners may not be there to monitor the practices on such farms. 

 

Most of the interviewed farmers in Western (98 percent) and Southern (90.6 percent) provinces 

did not have milking sheds/parlours (Table 11). These farmers/milkers did their milking outside 

in the open including in the kraals and crush pens. When cows are milked in the open air, milk 

might be exposed to environmental contaminants that come from the environment (Godfrey et 

al., 2003; Abunna et al., 2019). From the observations in these provinces, milk is usually 

contaminated with dirt and dust which could harbour S. aureus and other bacteria. For example, 

a study on the survival of S. aureus in dust from swine farms found that S. aureus and LA-

MRSA were able to survive in dust, especially at high initial concentrations of the bacteria, and 

this study further described dust as a potential vehicle for transmission of S. aureus and LA-

MRSA to humans (Feld et al., 2018). Therefore, milking in a clean milking shed might reduce 

possible contamination (Zalalem, 2010; Abunna et al., 2019). 
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Some interviewed farmers/milkers in Western province (30.4 percent) did not filter or strain 

their milk after milking (Table 12). From observation, milk from farms had some visible dirt 

including cow’s hair and dung. Such milk may be contaminated with a variety of 

microorganisms including pathogens that can cause diseases in humans. This finding is 

consistent with a study conducted in Western province of Zambia which found that five out of 

nine farms had some visible dirt in milk (Knight-Jones et al., 2016). These farmers depended 

on the MCCs who sieved or filtered the milk before buying it. 

 

Among the three study provinces, Lusaka province had the high number of farmers (15.7 

percent) experiencing mastitis on their farms (Table 11). Mastitis is linked to animal breeds 

and milk yield and it is common in high yielding breeds such as Friesian cows (Litwińczuk et 

al., 2015). This situation is expected in Lusaka Province where farmers are rearing mainly 

exotic breeds of cows which in most cases are high-milk yielding and usually susceptible to 

mastitis. Southern and Western had farmers milking traditional breeds of cows which are low-

yielding cows and mastitis in such animals may be very low. Mastitis in cows could be probably 

due to infected cows, contaminated hands of milkers and udder cloth as a source of pathogens 

such as S. aureus to cows including poor mastitis prevention and management strategies. It was 

observed that Lusaka and Southern provinces had a lot of active dairy farms producing milk. 

S. aureus has been implicated as one of the leading causes of mastitis in dairy cows (Dufour et 

al., 2012) and mastitis has been identified as a threat to dairy farmers in Sub-Saharan African 

countries such as Zambia (FAO, 2014). S. aureus was less frequently isolated from milk from 

cows with clinical mastitis in the three provinces with an overall prevalence of 25 percent 

(3/12) and only two samples from Southern province (n=2) and only one from Lusaka (n=1) 

was confirmed as S. aureus-positive mastitis samples. This could probably be due to the fact 

that mastitis cases on farms in the three provinces were very low and no mastitis cases were 

identified on farms in Western province during the study period probably because farmers did 

not report mastitis cases. However, this finding is not always the case because during some 

seasons, especially in rain seasons (from November to March) farmers generally record many 

cases of clinical mastitis in Zambia. In many African countries, the climate is divided into a 

rainy season and a dry season. A study done in Ethiopia reported a higher prevalence of mastitis 

during the rainy season compared to the dry season, probably due to its association with poor 
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sanitation (Biffa et al., 2005). It is usually easier to keep the cows clean during the dry season 

than in the rainy. In the rainy season, the ground will be muddy which will likely promote the 

proliferation and transmission of mastitis pathogens. In a study by Harouna et al. (2009) in 

Niger, significantly greater numbers of microorganisms, particularly environmental 

microorganisms, were isolated during the rainy season than in the dry season. 

 

Many interviewed farmers in Western (63 percent) province used penicillin, pen-strep 

(penicillin + streptomycin), megapen (penicillin + cloxacillin), oxytetracyline and/or 

gentamicin to treat mastitis compared to Lusaka and Southern provinces (Table 11). The 

continuous use of same antibiotics to treat mastitis could be a potential risk for development of 

antimicrobial resistance (AMR) in S. aureus (Phiri et al., 2021) and other microorganisms as 

seen in the current study in all the three study provinces (Table 11). A study in India reported 

that the usage of antibiotics on food producing animals was identified as the potential major 

driver for AMR development and dissemination (Moudgil et al, 2018). Further, some 

interviewed farmers in Western (39.1 percent) and Lusaka (21.4 percent) provinces treated 

their cows with antibiotics for 1 to 2 days only probably due to ignorance on antibiotic use 

(Table 11). Ignorance on drugs can be detrimental to animal, farmer and consumer’s health. 

Treatment of cows by farmers themselves without professional veterinary advice was common 

among some interviewed farmers in Western and Lusaka provinces (Phiri et al., 2021) (Table 

11). Self-prescription of drugs such as antibiotics by farmers lead to non-prudent use of 

antibiotics including wrong-dosing, administering of expired drugs or use of wrong drugs or 

using wrong route of administration all together (Shitandi, 2004; Kivaria et al., 2006; Gwandu 

et al., 2018;) and this could increase the chance of AMR development.  

 

Most of the farmers in Southern (91 percent) and Western (78.1 percent) provinces did not 

keep any health records about medical treatments on their farms (Table 15). From observation, 

it was difficult for some farmers to remember some of the health related events and treatments 

they were given such as antibiotics or other drugs. Further, some farmers mainly in Lusaka 

province (28.6 percent), used antibiotics every time a family member or a milker was sick. In 

addition, similar to treatment of farm animals, many farmers or people on their farms in 

Southern (64 percent) and Western (63 percent) provinces took antibiotics without 

prescriptions (Table 15). Use of antibiotics without prescription could result in people under 
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dosing or overdosing themselves or their relatives or workers. In most African countries, 

antibiotics are sometimes taken without prescription (Lansang et al., 1990). This practice is 

more common in developing countries where there are no regulations about the sale and use of 

medicines (Auta et al., 2012). However, taking medication without prescription in a long run 

could increase the chances of AMR development in pathogens when lower doses are usually 

taken, or toxicity and allergic reactions in case of overdose (Llor and Bjerrum, 2014). Many 

interviewed farmers and their households had at least experienced a situation which made them 

not to recover despite taking antibiotics in Western province (57 percent) compared to the other 

two provinces. This might indicate the possibility of microorganisms becoming resistant to 

types of antibiotics used if these microorganisms are involved.  

 

5.1.3 Hygienic practices of stakeholders in the Zambian dairy value chain 

Good hygienic practices are important for the good quality and safety of milk to consumers. 

This covers personal hygiene among all stakeholders, udder hygiene as well as hygiene of 

workspace and equipment. However, there are no specific hygiene standards from observation 

followed by smallholder and traditional dairy farmers during milk production and handling 

process in Zambia. However, the Codex Alimentarius describes the process for hygienic milk 

production (Duhem and Bendali, 2006). In addition, the hygienic practices may be different 

from farm to farm, even among other milk handlers at different facilities such as MCCs and 

among milk traders (Phiri et al., 2021) which may be influenced by their traditions and culture 

(Mattiello et al., 2018), management system and financial status (Phiri et al., 2021).  

 

5.1.3.1 Personal hygiene 

Personal hygiene of all stakeholders along the dairy value chain is important and it also requires 

that there are no carriers of relevant pathogens among them. Some observations made during 

the current study, showed that some milkers who were coughing, sneezing or with injuries or 

wounds on their hands in all the three provinces also did milk cows. Those milkers coughing 

and also sneezing could contaminate their hands and even milk with S. aureus as the bacteria 

can be in their nasal passages as normal flora (Kluytmans et al., 1997; Cole et al., 2001) and 

may be a source of milk contaminations. Persons with symptoms of any disease such as 

diarrhoea, coughing and sneezing should not be allowed to take part in the milk handling 

process (Musa and Akande, 2003; Gwida and EL-Gohary, 2013; Amentie et al 2016). Some 
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interviewed farmers in Southern and Lusaka provinces had at least experienced skin infections 

among the people on their farms in the last 12 months of the interview (Table 15). Further, 

some interviewed milk consumers in Lusaka (23%) experienced skin infections in their 

households in the above mentioned period. These sick people are likely to shed pathogens such 

as S. aureus when sneezing, coughing, scratching (in case of skin infections), vomiting, 

urinating, defaecating and, such persons could be a source of contamination to milk, milking 

utensils, and other milking materials.  

 

Nasal colonisation of milkers with S. aureus was also detected in the three provinces and the 

overall prevalence was five percent (11/226) with Western province being the highest at 11 

percent (5/46) followed by Lusaka province at six percent (5/84) and Southern being the least 

at one percent (1/96). People colonised with S. aureus asymptomatically, can introduce the 

bacteria into the food chain (Argudin et al., 2010). Colonised milkers in the current study could 

be one of the sources of S. aureus to contaminate milk. Medical examination of milkers is very 

important to determine if they are carriers of S. aureus. Any milker colonised by S. aureus 

should not be allowed to handle milk as he or she is likely to shed the bacteria with the 

possibility of contaminating milk. Therefore, a colonised milker can act as a vehicle for S. 

aureus transmission, maintenance and spread (Kluytmans et al., 1997; Sakr et al., 2018), and 

may remain a potential source of contamination to milk in the three Zambian provinces.  

 

All the three study provinces had at least one farmer who did not wash hands before milking 

cows among the interviewed farmers/milkers. This finding has been described by other studies 

in Western province of Zambia (Knight-Jones et al., 2016), in Kenya  (Ndungu et al., 2016) 

and in Ethiopia (Worku et al., 2014; Abunna et al., 2019). Although the numbers of 

farmers/milkers who did not wash hands before milking in all the study provinces may seem 

to be low in the current study, some farmers/milkers might not have told the truth in the 

interviews on this matter. In addition, it was observed that majority of milk traders do not wash 

their hands before handling milk in all the three provinces and such traders could remain a 

source of S. aureus to contaminate milk. Unclean hands could be a source of contamination of 

milk with S. aureus and other bacteria. Further, the current finding is also consistent with that 

of a study in Ethiopia which found that none of the interviewed milk farmers, other stakeholders 

including vendors (traders) were washing their hands before milk handling and after every 
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exposure to risk factors (Amentie et al., 2016). In addition, some interviewed milk consumers 

in Lusaka (47 percent) and Western provinces (43 percent) did not wash their hands before 

handling milk (Table 34). Amentie et al. (2016) reported that none of milk consumer washed 

hands after every milk handling and exposure to risk factors in a study done in Ethiopia. This 

practice could be due to lack of knowledge on the dangers of handling food with unclean hands 

probably as a result of low education levels among the milk handlers.  

 

Although most of the interviewed farmers/milkers washed their hands before milking in all 

provinces, it was observed that most of them did not wash properly. In addition, some of them 

use cold water only without detergent/soap and some used cold water with detergent but did 

not wash properly in clean water (Phiri et al., 2021). This finding is consistent with that of a 

study in Sebeta in Ethiopia which also found that none of the farmers did wash their hands 

before milking using soap (Ayele et al., 2017). In addition, the current finding is also consistent 

with a study in Nakuru and Nyandarua counties in Kenya which found that soap was not used 

at some farms (Ndungu et al., 2016). Similarly, some of the interviewed milk consumers who 

washed their hands did it with only cold water. This practice makes the unclean hands of 

farmers/milker, milk traders, consumers, and any milk handlers as a potential source of 

contamination to milk. Washing hands with water only without detergent/soap results in 

insufficient washing to remove dirt and germs and it can serve as a source of microbial 

contamination of milk (Efsun et al., 2008; Amentie et al., 2016).  

 

Some of the interviewed farmers/milkers in Lusaka, Western and Southern provinces, did not 

dry their hands after washing and before milking (Phiri et al., 2021). If hands are insufficiently 

cleaned, water and dirt could easily enter the milk during milking/handling and contaminate it 

with pathogenic bacteria such as S. aureus. Moreover, many interviewed farmers in Southern 

province (83 percent) and some farmers in Western (45.7 percent) used cow’s tail, and their 

own clothes to dry their hands after washing before milking (Table 12) (Phiri et al., 2021). This 

finding is consistent with that of a study done on Borana pastoral community in Ethiopia which 

reported that milkers dried their hands using their own clothes (Worku et al., 2014). The 

possibility of contamination of milk during milking process and milk handling could be high 

as a result of using unclean materials and water for washing hands and, personnel not washing 

hands with soap and potable water (Almaz et al., 2001; Worku et al., 2014). 
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It was also observed that some workers in some of the visited MCCs did not wear protective 

clothing or wear clean clothes. In addition, some of the milk traders did not ensure personal 

hygiene when selling milk, especially in Lusaka and Western provinces. From observation, 

milk traders in all the provinces did not wear coats or aprons. This finding is consistent with 

that of a study done in Eastern Ethiopia which reported that none of the observed milk 

producers, collectors and transporters, vendors and customers in the study area dressed in clean 

outer garments while working with milk (Amentie et al., 2016). Dirt clothes could be a source 

of contamination to milk with S. aureus. S. aureus is found everywhere in the environment and 

can survive in dry environments such as clothes and environmental surfaces (Chaibenjawong 

and Foster, 2011; Kadariya et al., 2014; Leuenberger et al., 2019). To summarise, it is highly 

recommended that all milk handlers should be healthy, wearing clean clothes, washing their 

hands with warm water and detergents/soap and dry them properly with clean disposable towels 

before beginning to handle milk (Zelalem, 2012; Al Suwaidi et al., 2015; Amentie et al., 2016).  

 

Majority of supermarkets/shops (80 percent) in Southern province had workers who had no 

health certificates and are usually not subjected to regular health check-ups (Table 29). 

However, all food handlers in Zambia are required by law to undergo medical examination at 

least every 6 months and if they pass, are given health certificates or food handlers permits to 

be allowed to handle food. This practice is important to ensure food handlers are free from 

diseases. In addition, any food handler showing symptoms of a disease should not be allowed 

to handle food such as milk and its products (Musa and Akande, 2003: Amentie et al 2016). 

Therefore, regular medical examinations of all milk handlers could help in reducing the 

potential contamination of milk and its products with S. aureus and other pathogens. It was 

also observed that some supermarkets/shops had workers who were coughing or sneezing but 

continued handling milk in all the provinces and these people could be a potential source of 

contamination to milk. 

 

5.1.3.2 Udder hygiene 

Mastitis is still a big challenge to small scale dairy farmers in in developing countries such as 

Zambia and it contributes to a reduction in milk production at farm level (FAO, 2014) and 

causes milk rejections at the MCCs (Phiri et al., 2021). Therefore, good milking hygiene and 
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management of cow’s udder health are very important in reducing possible contamination of 

milk with S. aureus (Younan, 2004; Kurwijila, 2006; Barkema et al., 2006; Barkema et al., 

2009). Further, cows with clinical or subclinical mastitis caused by S. aureus could be one of 

the vehicles for transmission, maintenance (Ndahetuye et al., 2019) and spread of some strains 

into the Zambian dairy value chain, particularly if farmers/milkers have no knowledge about 

mastitis as found to be the case for most farmers/milkers in Southern province in the current 

study (Table 11) (Phiri et al., 2021).  

 

From general observation, findings indicate that the udders and teats of cows were usually very 

dirty especially in rainy season in all the three provinces. Further, it was observed that some 

milkers in Western province did not wash the cow’s udders and teats and all milkers who 

washed udders and teats in all the provinces, did not wash very well as they used cold water 

only instead of warm water (Phiri et al., 2021). This finding is consistent a study done in 

Ethiopia which described that most farmers did not wash the cow’s udders and teats (Ayele et 

al., 2017). Proper cleaning of the udder of cows before milking is one of the important hygienic 

practices for clean milk production. This is vital since the udder and teats of cows could have 

direct contact with contaminated ground, dung, dust and environment, and increase bacterial 

counts (Kurwijila, 2006).  

 

Majority of the interviewed farmers in Southern (81.3 percent) and Western (63 percent) 

provinces did not wash their hands after milking each individual cow during milking session 

compared to Lusaka province (Table 12). This finding is consistent with that of a study done 

in Sub cities of Addis Ababa in Ethiopia which found that 30.6 percent of dairy farmers did 

not wash their hands between milking individual cows (Abunna et al., 2019). In case of cows 

having clinical or subclinical mastitis, this practice can facilitate the spread and transmission 

of S. aureus and other pathogens from one animal to the other and could lead to contamination 

of milk. Humans and dairy cows have been identified as some of the main carriers of S. aureus 

(Cuny et al., 2013). The udder of an infected cow or the hands of milkers could be responsible 

for passing on the bacteria into milk (Dhanashekar et al., 2012).  
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5.1.3.3 Hygiene of equipment/materials 

Generally, it was observed that some farmers/milkers used the same udder cloth to dry the 

udders on several cows during milking sessions in all the three provinces and in most cases the 

udder cloth looked dirty. This finding is consistent with that of a study done in Ethiopia which 

found that 47 percent of dairy farmers used common towel for udder drying (Abunna et al., 

2019). This practice could facilitate the spread of S. aureus from one cow to the other and may 

contaminate milk. Use of the clean individual towel and following essential hygienic practices 

is very important for good milk quality and safety. In addition, it was also observed that a cloth 

was used to filter dirt at some farms. The use of dirty cloth to filter milk could be another source 

of contamination of milk with S. aureus especially among farmers/milkers. 

 

Majority of farmers/milkers in Western and Southern provinces used plastic containers for 

milking, sour making (preserving), storage, selling and transportation of milk (Table 13) (Phiri 

et al., 2021). This finding is consistent with that of Amentie et al., (2016) who reported that 

the majority of dairy farmers (87.5 to 97.5 percent) in Eastern Ethiopia used plastic containers. 

Further, some MCCs milk were supplied milk in plastic containers in Western and Southern 

provinces (Table 19) (Phiri et al., 2021). This finding is consistent with that of a study 

conducted in Central Ethiopia which found 32% of MCCs used plastic containers (Tigabu et 

al., 2015). Other studies in Africa have also reported the use of plastic containers by dairy 

farmers and MCCs in Ethiopia (Ayele et al., 2017) and in Western province of Zambia (Knight-

Jones et al., 2016). In addition, majority of milk traders used mainly plastic containers for 

selling and storing of milk (Table 24) (Phiri et al., 2021). The study findings also show that 

many milk consumers in all the three provinces used plastic containers to buy, preserve and 

store milk. Plastic containers are usually difficulty to clean because of the nature of their design 

and if not properly washed they could be a source of contamination to milk (Gilmour, 1999; 

Worku et al., 2014). The use of plastic containers contributes to the spoilage of milk since they 

are almost impossible to clean, especially if they have handles which are not accessible during 

cleaning (Mwangi et al., 2000; Ndungu et al., 2016). Re-use of insufficiently cleaned plastic 

containers can cause contamination of milk (Ombui et al., 1995).  

 

Non-food grade plastic containers, buckets and jars may not be recommended for clean milk 

production (Kurwijila, 2006; Abunna et al., 2019). Aluminium or stainless steel cans are highly 
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recommended for milking, storage and transportation of milk because they do not have 

adhesive properties and are easy to clean compared to plastic containers (Karuga, 2009; Bereda 

et al., 2012; Zalalem, 2012; Abunna et al., 2019). Therefore, it is important for milk handlers 

to choose the right type of containers to ensure quality and safety of milk to consumers. On the 

other hand, the majority of farmers/milkers (54 percent) in Western province also used wooden 

vessels for milking (Table 13). Wooden milking vessels usually had cracks and rough surfaces 

which made them also difficulty to clean and thus can be a source of contamination of milk 

like plastic containers.  

 

Some farmers/milkers in Western province (26.1 percent) used cold water only to clean the 

milking vessels and milk containers (Table 13) (Phiri et al., 2021). Washing, with cold water 

alone is not sufficient because of the possibility of some S. aureus strains producing biofilms 

and attaching on the milk container surfaces (Cui et al., 2015). However, some farmers/milkers 

in all the three provinces used hot/warm water only or cold water and soap to clean milk 

containers (Phiri et al., 2021). A study done in Ethiopia reported that 76 percent of dairy 

farmers used cold water and soap to wash milk containers (Abunna et al., 2019). About 32 

percent (27/84) of milk buckets from farms in Lusaka province were contaminated with S. 

aureus followed by Western with nine percent (4/46) and Southern was the least with one 

percent (1/96) (Table 38). The overall prevalence of S. aureus in milk buckets swabs in the 

three provinces was 14 percent (32/226). This finding was consistent with that of a study 

conducted in Sebeta, central Oromia in Ethiopia which reported that the prevalence of S. aureus 

from milk bucket swabs was 11 percent (3/27) (Ayele et al., 2017). The current study finding 

probably was due to the fact that buckets were not washed at all or not properly washed and, 

such buckets when used could be the sources of contamination to milk with S. aureus. 

Therefore, milk containers/cans could be one of the vehicles for S. aureus transmission and 

spread into milk along the dairy value chain in the three Zambian study provinces. 

 

Some interviewed milk traders mainly in Lusaka and Western provinces did wash milk 

containers with cold water only while some did not wash after delivery and these practices 

could be a source of contamination of milk with S. aureus. General observation was that most 

of the MCCs workers did not wash milk cans they used between receiving milk from each 

individual farmer and they used cold water and detergent to clean the milk cans resulting in 
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partially clean or uncleaned milk cans. Further, these practices might result in contamination 

of milk in the bulk tanks at MCCs if milk from some of the farmers is contaminated. In addition, 

majority of interviewed milk consumers in Western (71 percent) and Southern (70.4 percent) 

provinces used warm water only to clean their milk containers. Washing with warm water only 

may not remove all the dirt and germs. In addition, cleaning containers with cold water only 

may not be sufficient as described above. Such containers when used can also be a source of 

contamination to milk.  

 

It was also observed that sometimes, MCCs did not have water, especially whenever they had 

power failure and this situation made cleaning of containers not possible in some cases. In 

addition, the use of cold water alone without soap to clean milk containers is also not sufficient 

to remove milk residues and the partially cleaned containers could likely be sources of 

contamination to milk with S. aureus. A study in central Ethiopia reported that they found that 

farms that involved washing milk containers with detergent and hot/warm water had reduced 

the risk of contamination of milk with S. aureus by 66 percent (Tigabu et al., 2015). Therefore, 

this emphasizes the importance of using hot/warm water with detergent in the cleaning of milk 

containers to remove dirt and bacteria.  

 

5.1.3.4 Hygiene and hygienic milk handling 

Majority of milk consumers in Western province (81 percent) did not filter their milk (Table 

34) (Phiri et al., 2021). Raw milk from cows may have some physical contaminants (Kumar et 

al., 2018) and filtering it could help to remove most of the dirt (Phiri et al., 2021. These physical 

contaminants have the potential to cause harm to consumers. The dirt in the milk could be 

another potential source of S. aureus contamination. Milk contamination could lead to milk 

spoilage. The main reason for milk rejection at MCCs or by customers was mainly due to 

mastitis and milk spoilage (Phiri et al., 2021) caused by bacteria including lactobacilli.  

 

Majority of milk traders in Southern and Lusaka provinces sold raw milk to the consumers 

(Table 25). If milk is not handled in a hygienic manner by milk traders, it could be contaminated 

with S. aureus and it can be a risk to consumers. In addition, most of the interviewed milk 

traders in Western and Lusaka provinces also sold traditionally processed sour milk (Table 25). 

Hygienic processing is very important to reduce possible contamination of the final product 
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and this might result in a safer product for consumers (Pal, 2018). If poor hygienic practices 

are applied at any stage of the dairy value chain, contamination of milk with microorganisms 

such as S. aureus and could occur, affecting the final product (Pal, 2018). Hygienic milk 

handling at MCCs is also very important considering that milk comes from different sources 

practicing different hygienic practices.  

 

It was also observed that in all the three study provinces, packages of commercially produced 

milk or milk products had spilled milk from damaged packets. Dirt surfaces of packages of 

milk and its products were in most cases not cleaned or wiped, and in some cases the wiping 

was done with a dirt cloth. Spilled milk on milk packages and containers could in some case 

pose a risk to consumers who like to consume milk directly from the uncleaned milk 

packets/sachets. Therefore, cleaning of spilled milk is vital in reducing the risk of 

contaminations of the surfaces of milk packets and containers.  

 

Some interviewed farmers in the three study provinces in the current study did not ensure that 

milk was safe while selling to consumers (Table 11) probably due to inadequate knowledge 

about milk handling hygiene and food safety. Almost all MCCs in Southern province in the 

current study had workers who have never received food hygiene and safety education (Table 

21). In addition, milk traders and consumers in all the three study provinces also did not receive 

any food hygiene and safety trainings (Table 22, 31). This finding agrees with that of a study 

done in Eastern Ethiopia which reported that none of respondents (milk handlers) across the 

milk supply chain in the study area got formal training on hygienic milk handling practices 

(Amentie et al., 2016). Knowledge of hygienic milk handling practices and milk safety is very 

important for workers at MCCs to ensure milk hygiene and safety. This finding is consistent 

with Amentie et al. (2016) who reported that none of respondents (milk handlers) across the 

milk supply chain in the study area in Ethiopia did get formal training on hygienic milk 

handling practices. The current finding is also consistent with that of a study in Tanzania in 

2012 which reported that out of 225 respondents, only 122 (54 percent) had received hygiene 

and food safety training (Häsler et al., 2019). Therefore, knowledge about food safety and 

hygiene among these milk traders could be very low, especially due to lower education levels. 

Milk traders with low knowledge on food safety and hygiene could be practicing poor hygienic 

practices. Therefore, training of the milk traders in food safety and hygiene is likely to improve 
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their knowledge and eventually result in good hygienic practices. However, there are studies 

that indicate that having knowledge on hygiene does not always results in change of practice 

or attitude (Ariyarathne et al., 2013; Phiri et al., 2021;). A study in India reported that training 

in intervention was associated with a clear improvement of knowledge (Lindahl et al., 2019). 

The high proportion of illiteracy, coupled with absence of formal training on hygienic milk 

handling practices and food safety knowledge among the milk traders in this study could affect 

the quality and safety of milk sold to consumers. Training in milk handling hygiene and safety 

to consumers, could probably also increase their knowledge on hygienic practices and this may 

help in reducing the potentials risk of exposure to S. aureus.  

 

It was observed that some farmers and milk traders processed sour milk traditionally. 

Processing of traditional sour milk depends on unknown microorganisms to ferment milk 

(Moonga et al., 2019). However, if pathogenic bacteria such as S. aureus are involved, the final 

product may not be safe to consumers. In the current study, S. aureus strains were isolated from 

sour milk from traditional markets in the three study provinces. This finding agrees with that 

of a study done in South Western Uganda which reported isolation of S. aureus from sour milk 

from households (Asiimwe et al., 2017b). Therefore, processing of traditional sour milk should 

be done in hygienic environments and should involve good hygienic milk handling practices 

to ensure good quality and safe sour milk. Further, the milk used in the production should be 

from a clean and hygienic source to ensure a safe product.  

 

Almost all supermarkets/shops in the three provinces did not fumigate their premises (Table 

28) (Phiri et al., 2021).  It is important for supermarkets to fumigate their premises regularly in 

order to control pests that could be carrying pathogens such as rodents, cockroaches, houseflies 

and others pests. These pests could carry pathogens that can cause diseases in humans. Wild 

rodents have been known to be colonized by S. aureus strains (Mrochen et al., 2018). Further, 

houseflies carry many pathogens including bacteria and most of them cause diseases in humans 

(Nayduch et al., 2013; Khamesipour et al., 2018). Therefore, proper control of these pests 

coupled with general cleanliness of the environment, good personal and handling hygienic 

practices and knowledge on food safety could reduce the risk of contamination of milk and 

other food products in supermarkets/shops.  
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5.1.3.5 Storage and transportation of milk  

From the observations, the majority of interviewed farmers in all the three provinces kept the 

afternoon milk overnight without refrigeration. This practice may provide a perfect 

environment to allow S. aureus to multiply in the milk. Lack of adequate cooling facilities in 

rural areas have been identified to account for the loss of large volumes of milk in developing 

countries (Ndambi et al., 2007). In this study, all visited MCCs in all the three provinces receive 

milk twice per day. It was observed that at some MCCs, the morning and afternoon milk was 

usually mixed. Further, some interviewed milk traders mainly in Lusaka also mixed morning 

and afternoon milk batches (Table 24). This practice could result into contamination of milk 

with S. aureus if one of the milk batch is contaminated. Such milk may end up being sold to 

unsuspecting consumers who may be at risk of consuming raw milk contaminated with S. 

aureus. More investments at MCCs may be needed to address this challenge by increasing the 

number of bulk tanks. Even though all MCCs have cooling facilities for milk, failures in 

constant electricity supply were usually experienced affecting the cooling facilities. Further, 

the current study findings indicate that in Lusaka province milk and milk products usually take 

long to finish from visited supermarket probably because they order large volumes and because 

of high prices to consumers compared with milk from farms and MCCs.  

 

Some interviewed milk consumers in Southern (26 percent) and Western (24 percent) 

provinces keep their milk at room temperature (Table 34). Keeping milk at room temperature 

may allow the bacteria to multiply and could reach optimal levels to start producing SEs 

(ICMSF, 1996; Stewart, 2003). The consumption of milk with SEs could pose a risk of SFP 

(Argudin et al., 2010; Hennekinne et al., 2012). Keeping milk under the cooling facilities slows 

down the growth and multiplication of S. aureus bacteria and this may reduce the chance of 

SEs production (ICMSF, 1996; Stewart, 2003). Further, long period of storage coupled with 

inappropriate conditions including cooling which is not effective, might affect the quality of 

milk and its products at MCCs or in the Supermarkets and households of consumers. In 

addition, if enterotoxins (SEs) are already produced in milk, cooking or boiling does not help 

because SEs are heat-stable (Balaban and Rasooly, 2000). Therefore, boiling milk may kill 

most of the pathogens making boiled milk safer to consume (Metwally et al., 2011), provided 

it is done immediately after milk is produced or purchased to avoid production of SEs. 

Distance, depending on the mode of transport could influence the shelf life of raw milk, 
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especially if cooling facilities are not available or not working effectively. This situation 

coupled with type of a container, high environmental temperatures and poor milk handling 

practises may be the perfect conditions for growth and multiplication of S. aureus and other 

pathogens in milk. 

 

Like in other rural African regions (Debela, 2015), most of the farmers in Western province 

(54 percent) transported their milk on foot. Some farmers (28.1 percent) covered distances of 

between 7 to18 Km to reach to the market or MCC (Table 14) and it took approximately 120 

minutes (Phiri et al., 2021). Thus, the milk will be exposed for a long time to ambient 

temperature without refrigeration. This finding is consistent with the finding of a study done in 

Western province of Zambia which found that farmers took approximately 30 to 120 minutes 

to reach MCCs (Knight-Jones et al., 2016). Further, majority of interviewed milk traders 

(53.3%) covered one to nine km while the rest cover less or more to reach the clients (Table 

27). The distance from milk source to the market or MCCs determines the time taken to 

transport milk. Time taken from milking to the time when milk is refrigerated is important for 

milk quality and safety. The longer milk takes to reach the MCCs or clients/market where it 

can be refrigerated, the more the bacteria such as S. aureus will grow and multiply (Swai and 

Schoonman, 2011; Knight-Jones et al., 2016; Paraffin et al., 2018; Phiri et al., 2021). This 

increases the chance of milk becoming spoiled and eventually being rejected at the MCCs.  

 

The types and cleanliness of containers used for milk transportation may also determine the 

quality of milk at MCCs or market or with milk trader. Good milk storage and transportation 

help to ensure the good quality of milk during processing (Walstra et al., 1999). Therefore, all 

stakeholders should ensure that they use appropriate and clean milk containers for storing and 

transporting milk. From observation, some stakeholders, especially farmers in all the provinces 

transport and store milk in metal cans and plastic containers. A study in Ethiopia reported that 

most of the farmers used plastic containers during milking and transporting milk to vending 

shops (Abunna et al., 2019). The re-use of insufficiently cleaned plastic containers and the lack 

of cooling during storage and transportation favour S. aureus contamination and rapid bacterial 

growth/multiplication, respectively (Swai and Schoonman, 2011). In addition, some 

interviewed farmers in Western province also used bicycles to transport their milk to 

cooperatives or MCCs while others transported milk on foot (Phiri et al., 2021). This finding 
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is consistent with that of a study conducted in Western province of Zambia (Knight-Jones et 

al., 2016). Further, in Lusaka (96 percent) and Southern (96 percent) provinces, the majority 

of farmers transported their milk on bicycles and many covered only short distances to reach 

the market (Phiri et al., 2021). Some milk consumers in Lusaka province covered short 

distances and while others covered longer distances from their homes to the milk source. The 

distance covered to reach the source of milk determines the time taken for milk to be collected 

from source to home. In addition, majority of milk traders in all the study provinces transported 

their milk on bicycles to the market or directly to consumers (Table 25). It seems the bicycle 

is the commonest mode of transport for farmers and milk traders in the three study provinces 

(Phiri et al., 2021). The time taken from milking to the time when milk is refrigerated is also 

important for milk quality and safety. Milk handling hygiene is very important starting from 

production at farm level, during transportation, processing and storage. Therefore, good milk 

storage and transportation could help in ensuring good quality during processing (Walstra et 

al., 1999). 

 

5.1.3.6 Milk delivery at MCCs by farmers and collection by processors  

Farmers sold their milk directly to MCCs in the three study provinces. In all the three study 

provinces, milk was collected from MCCs by big processors (Mumba et al., 2013) using 

refrigerated tankers as these were the main buyers of milk. The major processing company was 

based in Lusaka province. In addition, almost all the milk collected at MCCs in Western 

province was usually processed as sour milk mainly within the province by one of the 

processors. In addition, milk at MCCs, sometimes took long to be collected by processors (48 

to 50 hours) in Southern and Lusaka provinces (Table 20) and this coupled with constant 

interruption of power, may likely make cooling facilities not to work well. This situation may 

promote multiplication of bacteria such as S. aureus with the possibility of production of 

enterotoxins in the milk, especially when environmental factors are suitable (ICMSF, 1996; 

Stewart, 2003). From observation, when processors delay to collect milk, all the bulk tanks will 

be full and the MCC workers will start putting milk in metal cans which will be kept at room 

temperature until it is sold to customers or collected by processors especially in Lusaka 

province. Keeping milk at room temperature is not a good practice as milk is a perishable 

commodity and can easily be spoiled or turn sour.  
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5.1.3.7 Quality testing, rejecting and back-tracing of milk  

MCCs are important facilities for ensuring a certain level of milk quality. Microbial and 

antibiotic residues analysis of milk received at MCCs remains very important activities to 

check for presence of pathogens (Doyle et al., 2015) and antibiotics residues (Sachi et al., 

2019) in the milk before being consumed. However, in the current study, these were not done 

in many MCCs in the study provinces (Phiri et al., 2021). Further, Western province among 

the three provinces had experienced highest percentage (20-30%) of milk rejection from MCCs 

(Table 18) mainly because of milk poor quality and turning sour (Phiri et al., 2021) and this 

could also mainly be due to poor milk handling hygiene and long distances covered (Phiri et 

al., 2021). In addition, MCCs in Southern province experienced situations of milk not being of 

good quality at reception. At MCCs, poor quality milk was usually detected by alcohol test. 

This finding is consistent with that of a study conducted in Central Ethiopia which reported 

used of alcohol test in 20 MCCs out of 22 (Tigabu et al., 2015). A study in Ethiopia reported 

the use of lactometer reading and alcohol test for checking milk freshness at MCCs (Ayele et 

al., 2017). At MCCs, milk that fails the test was usually rejected and the milk rejection was 

usually a big loss to a farmer and his or her household (Phiri et al., 2021). About 50 percent of 

MCCs in Southern province had experienced milk being rejected by processors and this was 

mainly due to poor quality (milk turning sour) (Phiri et al., 2021). Good hygienic handling of 

milk at MCCs plays an important role in determining the quality of milk sold to consumers and 

processors 

 

Majority of milk traders also did not have quality control activities to check for milk freshness 

just like famers in the current study. (Table 24). Further, majority of supermarkets/shops (90 

percent) in Southern province did not have quality control checks as well (Table 28). This 

practice may make the farmers, milk traders, MCCs and supermarkets to sell bad quality milk 

to unsuspecting consumers. In addition, majority of supermarkets (86 percent) in Lusaka 

province had experienced milk being rejected by customers (Table 27). The milk rejection was 

mainly due to milk spoilage due to microbial contamination. Majority of supermarkets (86 

percent) in Lusaka province had at least experienced handling bad milk (Table 28). This 

situation could be as a result of contamination of milk with bacteria as milk is a good growth 

medium for bacteria (Dhanashekar et al., 2012; Hennekinne et al., 2012). Therefore, testing 

milk for freshness at all levels could be an ideal situation to ensure that only good quality milk 
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is sold. In addition, majority of MCCs and supermarkets/shops in Southern provinces and milk 

traders in Western province were also not able to trace back bad milk to its source (Table 20, 

28). This practice may make it difficult to trace the source of milk in case of an illness among 

consumers. A source of good quality milk and products is very important to ensure that only 

safe milk and its products are sold to consumers. Therefore, identification of the source of bad 

milk could play an important role to avoid buying milk from such a source/facility and to 

prevent further occurrences. 

 

Majority of interviewed milk consumers mainly in Lusaka did not check for freshness of milk 

(Table 34). Such practice may result in unsuspecting milk consumers not able to identify bad 

milk and instead they may consume it. Therefore, quality control checks for freshness of milk 

not usually done by consumers might be important as it could help them to know if milk is 

fresh or not. However, some interviewed milk consumers had the experience of rejecting milk 

because of its bad quality in all the three provinces. Poor quality milk could be a source of 

pathogens such as S. aureus as milk is a perfect growth medium for microorganisms 

(Dhanashekar et al., 2012; Hennekinne et al., 2012) and could be a perfect vehicle for 

transmission of pathogens to humans (Oliver et al., 2005).  

 

5.1.3.8 Milk consumption 

The majority of farmers and their families mainly in Western province (85 percent) consumed 

raw milk than in Lusaka and Southern provinces (Table 15). In addition, Lusaka and Southern 

provinces had some farmers and their families (26 percent and 20 percent, respectively) who 

consume raw milk (Table 15). A study in Sebeta, central Oromia in Ethiopia reported that 35 

percent of respondents (farmers) consumed raw milk (Ayele et al., 2017). Ayele et al. (2017) 

also reported that consumption of raw milk was relatively higher among uneducated farmers 

(38.5 percent, 5/13) than those who read and write (30 percent, 3/10). This finding is consistent 

with that of the current study since Western province (37 percent) had a high percentage of 

interviewed farmers who were not very educated compared to Lusaka (8.6 percent) and 

Southern (22 percent) provinces (Table 8) (Phiri et al., 2021). Further, some milk consumers 

in Lusaka (30%) and Western (21%) provinces consumed raw milk and also sour milk (50% 

and 55% respectively) (Table 34). This finding is consistent with that of a study conducted in 

central Oromia in Ethiopia which reported that 28 percent of consumers consumed milk in 



31 

 

form of raw milk and raw milk products (Ayele et al., 2017). Consumption of raw milk exposes 

the consumers to health risks as milk could be contaminated with S. aureus or other pathogens 

(Angulo et al., 2009; Oliver et al., 2009). Ayele et al. (2017) reported that 85 percent of farmers 

in Ethiopia were not aware of food borne diseases associated with consumption of raw milk. 

This emphasises the need for increased awareness on dangers, regarding consuming raw milk 

through trainings in the three study provinces to reduce the risk of S. aureus to consumers.  

 

Majority of the interviewed farmers and their families in the three study provinces consumed 

traditionally processed sour milk (Table 15). Further, many milk consumers in all the three 

provinces consumed traditionally processed sour milk (Table 34). Poor hygienic practices 

during milk handling from the farm, transportation, processing and storage could be the source 

of contamination to traditionally processed sour milk and consuming it may be a potential risk 

of S. aureus and SEs. Therefore, good hygiene from milking to processing is very important to 

ensure good milk quality and safety. In addition, majority of interviewed milk consumers in 

Southern province indicated that milk is preferred among children than any other province 

(Table 35). This category of people may be at high risk of consuming bad milk without 

knowing. Therefore, parents could play a very critical role to help children in identifying good 

quality milk for their children to reduce the risk of infections. 

 

Majority of milkers in Western (60 percent) and Southern (54.2 percent) provinces consumed 

milk directly from the teats of cows (Table 12). This practice could be a potential risk to milkers 

of infections with S. aureus as the bacteria is also found on the skin of animals, particularly on 

the teats and udder (Chaibenjawong and Foster, 2011; Kadariya et al., 2014; Leuenberger et 

al., 2019). A study in Switzerland found S. aureus on the teat surface of cows (Leuenberger et 

al., 2019).  

 

In general, it seems farmers probably did not request for much help or advice from veterinary 

officials both in government and private, mainly because of costs implications. Further, due to 

limited knowledge on the possible effects of antibiotic residues on consumers, farmers may 

supply antibiotic-contaminated food of animal origin to consumers (Nonga et al., 2010; 

Bukuku et al., 2015; Gwandu et al., 2018). In addition, many famers may not understand the 

withholding periods for milk after intra-mammary treatment with antibiotics. This could result 
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in high levels of the drug residues in food such as milk and this may cause health problems 

including drug toxicity, allergic reactions and cancer (Petrović et al., 2008; Layada et al., 2016: 

Gwandu et al., 2018). The current study finding is consistent with that of a study in Kenya 

which found that about 50 percent of farmers were not aware of the effects of antibiotic residues 

on milk quality, the withdrawal period required for various antibiotics and their effects on 

human health (Ndungu et al., 2016). Most of the interviewed farmers mainly in Southern 

province (74 percent) mixed milk from cows being treated with antibiotics with milk from 

health cows (Table 12). In addition, majority of interviewed farmers and their households in 

Southern (84.4 percent) and some farmers in Western (43.5 percent) provinces consumed milk 

from cows being treated with antibiotics (Table 15) probably due ignorance. This practice may 

put the consumers at risk of consuming antibiotic residues. The presence of antibiotics in milk 

is a public health concern (Kumar et al., 2013; Singh et al., 2014). 

 

Consumption of food such as milk contaminants with antibiotic residues over a long period of 

time could increase the possibility of development of AMR in microorganisms in the gut and, 

the transmission and spread of antimicrobial resistant pathogens (Aalipour et al., 2013; Layada 

et al., 2016; Granados-Chinchila, 2017; Gwendu et al., 2018). Further, presence of antibiotics 

in milk could affect the process of fermentation in the production of sour milk and other milk 

products. When antibiotics (penicillin, streptomycin-penicillin and oxytetracycline) were given 

to sheep by intramammary injection, the antibiotics were excreted into milk in concentrations 

harmful for yogurt production (Anifantakis, 1982). Therefore, educating the farmers on the 

dangers of antibiotic residues in milk to consumers and milk processing is vital in dealing with 

the risks associated with antibiotic residuals. Majority of supermarkets/shops in Lusaka and 

Western provinces and half of the interviewed supermarkets/shops in Southern at least 

experienced complaints from customers of vomiting or diarrhoea after consumption of milk 

bought from their facilities (Table 29). Occurrence of such symptoms following consumption 

of milk could probably indicate SFP. Staphylococcal Food Poisoning occurs due to 

consumption of foods containing sufficient amounts of one or more preformed SEs in food 

(Dinges et al., 2000; Le Loir et al., 2003).  
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5.2 Detection and isolation of S. aureus  

 

5.2.1 S. aureus-positive facilities and overall prevalence 

Majority of visited facilities (71.5 percent) in all the three study provinces were positive for S. 

aureus with Southern province being the highest at 78 percent followed by Western (67 

percent) and Lusaka (66 percent). This finding could be due to poor milk handling practices in 

Western and Southern provinces compared to Lusaka province as indicated from interviews of 

participants in the study provinces. However, a lower proportion of S. aureus-positive facilities 

in the dairy value chain in Lusaka province was only detected at post-farm level. In general, 

the high proportion of S. aureus-positive facilities could be due to infected cows with 

(subclinical/clinical) mastitis and colonised milkers at farm level, poor hygiene and milk 

handling practices along the entire dairy value chain (Bonfoh et al., 2003).   

 

The overall prevalence of methicillin-sensitive S. aureus (MSSA) in the samples taken along 

the dairy value chain in three provinces was 15.2 percent (295/1939) (Tables 36, 37). 

Prevalence of S. aureus in samples from Western province was 19.6 percent (75/382), followed 

by Lusaka 15.3 percent (127/832) and Southern 12.8 percent (93/725) provinces. MRSA was 

not identified in all the samples from all the three study provinces. The current finding agrees 

with that of the MSSA prevalence data in different studies conducted in the African continent 

which reported that prevalence ranges between 3 percent to 58 percent (Lozano et al., 2016). 

The MSSA prevalence in Africa has been known to be highly variable probably due to mainly 

the different methods that have been used (Lozano et al., 2016) . Therefore, many studies on 

prevalence of S. aureus in a number of African countries have found differences in the 

prevalence. In addition, the current study finding also indicate that the overall S. aureus 

prevalence in raw pooled milk from farms in the three provinces was 39 percent (177/452) with 

Western province at 46 percent (42/92) followed by Lusaka at 43 percent (72/168) and 

Southern at 33 percent (63/192). This finding is consistent with that of a study in Tanzania 

which reported the prevalence of S. aureus in raw milk to be 41 percent (Mohammed et al., 

2018). Other studies have reported the different frequencies of S. aureus contamination of milk 

including in Morocco (40 percent), Ethiopia (48.7 percent) and Kenya (30.6 percent) (Shitandi 

and Sternesjö, 2004; Bendahou et al., 2008; Daka et al., 2012). In addition, other studies in 
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Uganda have reported that 20.3 percent of raw milk samples were contaminated with S. aureus 

(Asiimwe et al., 2017b).  

 

The overall prevalence of S. aureus in raw milk from milk traders in Western and Southern 

provinces was 47 percent (14/30). However, in Lusaka province S. aureus-positive raw milk 

samples from traders were not found. A study in Ghana reported 14.6 percent prevalence of S. 

aureus in informally marketed raw milk (Donkor et al., 2007). Other studies have reported high 

S. aureus prevalence of 74.5 percent in India (Sharker et al., 2014) and 61.7 percent Madurai 

region of South India (Lingathurai and Vellathurai, 2011). Further, the overall prevalence of S. 

aureus in milk and sour milk from traditional markets was 13 percent (16/120). Other studies 

have reported 33.3 percent prevalence of S. aureus in cow’s raw milk at selling point in 

Ethiopia (Reta et al., 2016) and 9 percent in Iran on traditional dairy products  (Rahimi, 2013).  

 

The overall prevalence of S. aureus in milk from MCCs in the three study provinces was 45 

percent (10/22). This finding agrees with that reported by Addis et al. who reported that 46 

percent of bulk milk samples from MCCs in Ethiopia were positive for S. aureus (Addis et al., 

2011). Other studies have also have found higher prevalence of S. aureus in raw bulk milk 

from MCCs, including 75 percent (Desissa et al., 2012) and 72 percent (Wubete, 2004) 

respectively. However, the current study findings indicate that despite Lusaka province being 

the second highest province regarding prevalence of S. aureus in raw milk at farm level, MCCs 

did not have any isolate confirmed as S. aureus although at MCCs no milk treatment is done. 

This could be probably due to the strict measures in the testing of milk freshness in determining 

the good acceptable milk quality from different farms. Milk which does not pass at MCCs is 

rejected and not allowed to be mixed with the other batches. Further, another reason might be 

due to the fact that big milk processors are based in Lusaka province and milk is collected 

almost daily from MCCs. This may suggest that milk batches sampled at farms level were not 

the same as those sampled at MCCs during the sampling visits, and also that all the MCCs 

might have better cooling facilities and may supress multiplication of S. aureus in bulk milk. 

The overall prevalence of S. aureus in raw and/or pre-processed milk from milk processing 

plants was 57 percent (8/14) with milk from Western province processing plant being the most 

contaminated at 75 percent (3/4) followed by Lusaka province (50 percent; 3/6) and Southern 
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province (50 percent; 2/4). This might have been due to infected cows at farm level or 

compromise in milk hygiene including poor milk handling from farms to MCCs. 

 

In the current study, no S. aureus strains were isolated from samples of environmental water 

used for cleaning milk utensils such as milk containers/cans and for cleaning cows’ udders and 

milkers’ hands on the farms in the three study provinces. Although it cannot be concluded that 

the farm water is always free of S. aureus, it is suggested that the water could not be one of the 

major sources of S. aureus to contaminate milk. However, contamination of water might also 

vary depending on the season. 

 

5.2.2 Total plate count (TPC) for raw, sour and pre-processed milk in Lusaka province  

The study finding indicated that the average TPC for raw milk from farms in Lusaka province 

ranged between 3.1 x 104 CFU/ml to 9.7 x 107 CFU/ml with the majority of raw milk being in 

the range of 1.0 x 105 to 3.8 x 106 CFU/ml. The maximum TPC of raw milk from farms in 

Lusaka in the current study was higher than those reported in other studies in Zambia of 

100,000 (1.0 x 105) CFU/ml (Yambayamba et al., 2011; Kunda et al., 2015). However, the 

minimum TPC of raw milk samples from farms in Lusaka province in the current study was 

3.1 x 104 CFU/ml and it was lower than that reported ones by other studies in Zambia 

(Yambayamba et al., 2011; Kunda et al., 2015). The average TPC for milk from mastitis cow 

was around 3.4 x 106 CFU/ml. A study done in Zambia found higher TPC in cows associated 

with greater yields and with increased udder infections (Pandey et al., 1996). The TPC for raw 

milk from MCCs was around 1.9 x 106 CFU/ml in the current study. Other studies on 

smallholder farmers in Sub-Saharan countries such as Rwanda, Kenya and Cameroon have 

reported lower TPC of 1.0 x 106 to 1.0 x 108 CFU/ml for raw milk at MCCs (Belli et al., 2013; 

Adugna and Asresie, 2015; Doyle et al., 2015; Ndungu et al., 2016). The average TPC for raw 

milk from traditional market ranged between 1.1 x 105 to 2.4 x 105 CFU/ml while the TPC for 

raw milk from milk processing plants was 3.1 x 106 CFU/ml. The average TPC for pre-

processed milk from milk processing plants was 2.8 x 106 CFU/ml. Therefore, some milk 

samples from Lusaka province in the current study would have not qualify for grade A milk 

which is the highest raw milk grade bought by big processing plants. In Zambia, grade A raw 

milk must have a TPC of 50,000 CFU/ml (Yambayamba and Zulu, 2011) and this milk grade 

is usually bought at higher price than other grades. This may also suggest that milk samples 
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with higher TPC probably were not produced and/or handled under good hygienic practices. 

Further, the milk samples could have been coming from infected cows. 

 

The average TPC for traditionally processed sour milk from traditional market in Lusaka 

province ranged between approximately 9.0 x 103 CFU/ml to 2.2 x 105 CFU/ml. A study 

conducted in Western province of Zambia reported a higher TPC in sour milk of 1.5 x 106 

CFU/ml (Knight-Jones et al., 2016). Sour milk microbiological quality was slightly better than 

fresh raw milk in the current study. This situation may not represent better hygiene but probably 

due the acidic conditions of sour milk. Acidic conditions in sour milk tend to inhibit many 

pathogens (Lund et al., 2000). The TPC for commercially processed milk and sour milk 

including cheese were not included in the current study because no S. aureus isolates were 

isolated from these matrices. 

 

5.2.3 S. aureus on farms 

The study finding showed that Lusaka province had the highest proportion (80 percent, 67/84) 

of S. aureus-positive farms than Western (76 percent, 35/46) and Southern (57 percent, 55/96) 

provinces. One possible reason for the high proportion of S. aureus-positive farms in Lusaka 

might be that most farmers in Lusaka province had high yielding cows, especially the Friesian 

breed and that farmers could be practicing different management styles compared to the 

farmers in Western and Southern provinces since some keep cows under semi-intensive 

management. High volumes of milk may make hygienic milk handling a challenge for 

farmers/milkers in Lusaka province. In addition, the current study finding indicate that 

contamination could be related to poor hygiene in milk handling during milking including 

milker’s hand and poor udder hygiene. It is also possible that the cow’s health may contribute 

to the contamination of milk as well.  

 

5.2.4 S. aureus in raw milk from milk traders 

Most of the raw milk samples from milk traders taken in Western and Southern provinces, with 

each 70 percent (7/10), were contaminated with S. aureus. The traders stated that they receive 

the milk mainly or exclusively from farms. Hence, contamination might have already taken 

place at farm level. The pooling of milk in some cases from different milk sources among 

traders and absence of pasteurization could further increase the chance of milk contamination 
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and the risk of S. aureus (Donkor et al., 2007). Therefore, improving hygienic practices and 

milk handling might help in reducing contamination of raw milk among milk traders.  

 

5.2.5 S. aureus in raw and sour milk from traditional markets 

Analysed raw milk and traditionally processed sour milk from the traditional market was 

contaminated with S. aureus with samples from traditional market in Western province being 

the most contaminated at 23 percent followed by Lusaka (10 percent) and Southern (10 

percent). However, it should be noted that not all presumptive S. aureus isolates generated from 

samples from traditional markets in Lusaka province were analysed for confirmation (due to 

an error in sample shipment). Thus, the number of S. aureus-positive samples might even be 

higher. The occurrence of S. aureus in the traditional dairy products could be due to 

contamination at farm level or during subsequent handling of milk. The use of unpasteurized 

milk for the traditional production of sour milk could be a source of contamination to sour milk 

with S. aureus.  

 

5.2.6 S. aureus in bulk milk from milk collection centres 

Most raw milk samples taken from MCCs in Southern province were contaminated with S. 

aureus (67 percent; 8/12) followed by Western province with 50 percent (2/4). On the other 

hand, no S. aureus isolate was isolated from raw milk samples from MCCs in Lusaka province. 

A study in Sebeta, central Oromia in Ethiopia reported that 80 percent of bulk milk samples 

from MCCs were found to be contaminated with S. aureus (Ayele et al., 2017). The detection 

of S. aureus-contaminated milk at MCCs in the current study might be due to contamination 

of milk at farm level during milking, transportation from farms to MCCs and/or at MCCs 

during handling (Addis et al., 2011). Mixing of batches of milk observed at all MCCs in the 

three provinces could, besides other factors, be responsible for contamination of raw bulk milk 

with S. aureus especially if some farms are contaminated. MCC workers who do not wash their 

hands before handling milk, wear dirty clothes, and have symptoms such as coughing and 

sneezing may be another potential source for contamination with S. aureus to milk. Longer 

duration of transportation of milk observed especially in Western province and storage coupled 

with inefficient or lack of cooling facilities, would promote bacterial multiplication (usually 

indicated by TPC). This could lead to production of SEs in milk. If SEs are already produced 
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in milk, such milk may not be safe to be consumed even after boiling because SEs are heat-

stable.  

 

5.2.7 S. aureus in unprocessed milk from milk processing plants 

Most of samples of unprocessed and/or pre-processed milk from selected milk processing 

plants were contaminated with S. aureus. The contamination of unprocessed/pre-processed 

milk with S. aureus was probably because of contaminated raw milk coming from individual 

farms/MCCs.  

 

5.2.8 Absence of S. aureus in commercially processed milk and milk products 

No samples of processed milk products from milk processing plants tested positive for S. 

aureus. This could suggest the efficacy of processing which employs heat treatment of milk. 

Therefore, pasteurisation remains the best way of eliminating pathogens such as S. aureus in 

milk and could safeguard the lives of milk consumers. However, subsequent contamination 

with S. aureus or other pathogens after pasteurisation must be prevented.  S. aureus was not 

detected in samples of commercially processed milk and milk products from 

supermarket/shops in all the three provinces. This finding agrees with that of a study in Ethiopia 

which reported that no S. aureus was detected in pasteurized milk samples (Ayele et al., 2017). 

In addition, the current study also agrees with that of a study in Iran which reported similar 

findings (Rahimi, 2013). This suggests that S. aureus is killed during pasteurization process 

and that no post pasteurization contamination took place (Havelaar et al., 2015). The current 

finding also indicates the efficacy of pasteurization (heat treatment) in eliminating S. aureus in 

the milk and its products. However, good milk handling hygiene is very important at retail level 

to minimize possible post processing contamination and spoilage.  

 

5.3 Molecular characterisation of S. aureus isolates 

 

5.3.1 Diversity of spa types in the Zambian dairy value chain 

The study findings revealed the presence of S. aureus strains belonging to 36 different known 

spa types including seven novel spa types detected mainly in raw milk, indicating a high 

diversity of isolates from the Zambian dairy value chain. Besides, 55 S. aureus isolates, mainly 

from Western province, were untypeable (Table 38, 39, 40, 41, Figure 23). This was probably 
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due to deficiency in Staphylococcal Protein A (spa) or the isolates were mutants (Votintseva et 

al., 2014). The distribution and diversity of the spa types was different in the three provinces. 

For example, it seems that the novel spa type t18396 is common in Lusaka and Southern 

provinces, while the novel types t18398, t18399 and t183400 were only found in Western 

province. This may suggest that strains belonging to these spa types could be circulating only 

in Western province of Zambia. In addition, this study also revealed a wide distribution of some 

S. aureus spa types circulating in the Zambian dairy food chain in two or all of the three study 

provinces. This finding may also indicate that these spa types could be present in other parts 

of Zambia as well.  

 

In the current study, the isolates belonging to spa types t189, t521, t267 and t355 were the most 

prevalent in the Zambian dairy value chain. Considering the spa types, the study finding 

indicates that t355, t267 and t084 were present in all the three provinces and this indicated that 

strains belonging to these spa types were circulating in the three study provinces. Other studies 

in Gabon on asymptomatic carriers and diseased persons, reported that t355 was the second 

most prevalent spa type after t084 (Schaumburg et al., 2011b). However, in the current study 

t355 was the fourth prevalent spa type after t189. A study in Zambia at a referral hospital 

reported finding MSRA strains belonging to t355 in pus and blood of human patients (Samutela 

et al., 2017). The referral hospital is based in Lusaka province and usually admits patients from 

different provinces of Zambia including Western and Southern provinces. Isolates belonging 

to t355 were the most detected spa type among MRSA strains from clinical isolates from 

studies conducted in Ghana (Egyir et al, 2014b; Samutela et al., 2017; Donkor et al., 2018). 

Further, MRSA strains belonging to t355 have also been reported from clinical isolates in 

Nigeria and Uganda (Shittu et al., 2011; Seni et al., 2013; Samutela et al., 2017), and MSSA 

belonging to t355 from nasal samples of abattoir workers in Nigeria (Odetokun et al., 2018).  

 

Other studies have reported detecting MRSA isolates belonging to t355 in nasal cavity from 

carriers in Ghana (Donkor et al., 2018), in clinical samples in 5 countries in Africa (Asadollahi 

et al., 2018) including Kenya, South Africa, Uganda, Gabon, and Nigeria mostly as MRSA 

except in Gabon and South Africa, who reported detection of some MSSA strains and in Gabon 

on asymptomatic carriers and diseased persons (Schaumburg et al., 2011b). A study in Angola, 

reported the detection of isolates belonging to t355 in patients and health workers (Conceicao 



40 

 

et al., 2015). This spa type was also found in human isolates in Côte d’lvoire (Schaumburg et 

al., 2015b). In Côte d’lvoire, S. aureus isolates belonging to t355 were also detected in bovine 

milk samples (Jans et al., 2017). In addition, a study in North-West Ethiopia reported detection 

of t355 in milk samples from clinical mastitis cows and health cow’s quarters (Mekonnen et 

al., 2018). 

 

In the current study, isolates belonging to t355 were detected in nasal and hands swabs from 

milkers, swabs from milk buckets, and in raw milk from farms, milk traders and traditional 

markets. Considering the data from the literature, t355 circulating in the Zambian dairy value 

chain could be human MSSA strains. Moreover, cows with clinical or subclinical mastitis may 

be another source of contamination of milk with S. aureus belonging to t355. Presence of S. 

aureus in milker’ nasal/hand swabs and in raw milk suggests a strong possibility of 

transmission of these strains from humans (milker) to cows/milk or vice-versa. However, the 

direction of transmission is not known. 

 

The second spa type common in all three provinces, t084, was also detected in nasal and hands 

swabs from milkers and in raw milk from farms and traders. This study finding is consistent 

with that of a study in Tunisia which reported detecting S. aureus strains belonging to t084 in 

bovine bulk tank milk samples from various regions of Tunisia (Ben Said et al., 2016). Other 

studies have reported detecting S. aureus isolates belonging to t084 in bovine fermented milk 

samples in Côte d’lvoire (Jans et al., 2017), in clinical isolates from hospitals in some African 

countries (Asadollahi et al., 2018) and t084 in humans from communities, domestic animals 

(goats and sheep) and wildlife (monkey) in the Democratic Republic of Congo, Gabon and 

Côte d’lvoire (Schaumburg et al., 2015b). Other African studies have also reported the 

detection of t084 in nasal samples of abattoir workers and in cattle and goats (Odetokun et al., 

2018) as well as in clinical, nasal (carrier) and environmental samples in Ghana (Donkor et al., 

2018). A study in Gabon found S. aureus strains belonging to t084 to be the second 

predominant strains recovered from carriers (nose, groin and axilla) and infected people 

(Schaumburg et al., 2011b). In addition, another study in Angola reported detecting isolates 

belonging to t084 in patients and health workers (Conceicao et al., 2015). These findings could 

suggest a possibility that S. aureus strains belonging to t084 could be of human origin. 



41 

 

Therefore, their presence in pooled raw milk in the current study could indicate the possible 

transmission of these bacterial strains between humans and cows/milk. 

 

In the current study, S. aureus isolates belonging to t267 (the third spa type detected in all three 

study provinces) were detected in nasal/hand swabs from two milkers and in milk bucket 

swabs, raw milk from farms, milk traders and milk processing plants, pre-processed milk from 

milk processing plants and traditionally processed sour milk. This finding agrees with that of 

a study in Kenya which reported detecting isolates belonging to t267 in bovine milk samples 

(Jans et al., 2017). In addition, the current finding also agrees with that of a study in India 

which reported detection of MSSA isolates belonging to t267 in milk from cows with clinical 

mastitis (Mistry et al., 2016). This spa type has further been reported in sheep in Tunisia 

(Gharsa et al., 2012b) and in milk samples from sheep with intramammary infections in 

Switzerland (Merz et al., 2016). These studies may suggest that S. aureus strains belonging to 

t267 could be livestock associated MSSA (LA-MSSA) and a possible cause of intramammary 

infections in domestic livestock. Possible transmission of strains belonging to t267 between 

cows and humans is likely to occur. 

 

In the current study, the only isolate belonging to t064 was isolated from nasal swab of a milker. 

This finding is consistent with that of a study done in Kwa-Zulu-Natal in South Africa which 

reported detecting S. aureus strains belonging to t064 in bovine milk from mastitis cows and 

nasal swab samples from humans in the dairy environment (Schmidt et al., 2017). The current 

study finding also agrees with that of a study done in Namibia and Gabon which reported 

isolating isolates belonging to t064 (MRSA) among colonising strains and clinical isolates 

(Nurjadi et al., 2014). Other studies have reported the detection of MRSA strains belonging to 

t064 from clinical samples in South Africa (Moodley et al., 2010) and in patients and health 

workers in Angola (Conceicao et al., 2015). These studies may confirm that S. aureus isolate 

belonging to t064 detected in the Zambian dairy value chain could be of human origin. 

Therefore, finding these human associated S. aureus strains in milkers’ nasal sample strongly 

suggest that a milker could be a potential source of contamination to milk. The possible MSSA 

and MRSA human-to-animal transmission has been suggested in some other studies in Africa 

(Schaumburg et al., 2012b; Schaumburg et al., 2015b; Lozano et al., 2016). In Europe, S. 

aureus strains belonging to t064 were commonly detected and were known to be human strains 
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(Kock et al., 2013; Kinnevey et al., 2014; Lozano et al., 2016; Tegegne et al., 2017). In Africa, 

spa type t084 (CC15) and t064 (CC8) were among the more prevalent MSSA strains among 

the clinical isolates while t002 (CC5) was one of the most prevalent types among clinical 

isolates in Europe, Asia and America (Asadollahi et al., 2018). Detection of S. aureus strains 

of human origin in animals has become very common (Tegegne et al., 2017). Therefore, 

contamination of milk with human S. aureus strains, represent a growing public health concern.  

 

The current findings also showed that most S. aureus isolates from samples taken in Lusaka 

province belonged to spa type t189 (n=46) and t267 (n=25), while in the Southern province 

t521 (n=37) and in the Western province t355 (n=10) were the dominant types identified. S. 

aureus isolates belonging to t189 were isolated from few hand swabs from milkers, but mainly 

from raw milk from farms (including few mastitis milk samples) and from milk bucket swabs. 

Further, one sample of pre-processed milk from a processing plant was positive for isolate 

belonging to t189. A study done in Kwa-Zulu-Natal in South Africa reported isolating S. aureus 

strains belonging to t189 in bovine milk from mastitis cows and nasal swab samples from 

humans in the dairy environment (Schmidt et al., 2017). This finding could also suggest the 

involvement of S. aureus strains belonging to t189 in clinical and subclinical mastitis in cows 

and it could be one of the spa types causing mastitis in Lusaka province as it was mainly 

detected in this province in the current study. The current finding could also suggest that cows 

with intramammary infections could be a source of contamination of raw milk with S. aureus 

strains. Further, milker’s hands could also be another source of contamination to milk with S. 

aureus, and a source of infections to cows in a herd. Other studies have reported detecting 

isolates belonging to t189 in humans and sheep in Côte d’lvoire (Schaumburg et al., 2015b; 

Lozano et al., 2016) and from carriers (nasal, groin and axilla) and in diseased cases in Gabon 

(Schaumburg et al., 2011b). Therefore, these findings may also suggest the possible 

transmission of strains belonging to t189 between humans and cows with possible 

contamination of milk.  

 

The current finding revealed that S. aureus isolates belonging to t521 were isolated from pooled 

raw milk from farms, milk from mastitis cow, bulk milk from milk collection centre, 

unprocessed milk from processing plant, nasal and hand swabs from milkers. Previously 

isolates belonging to t521 were detected in milk from bulk tanks on Minnesota dairy farms 
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(Haran et al., 2012), in individual cow’s milk from dairy farms in Tunisia (Ben Said et al., 

2016) and in milk from buffaloes with mastitis in Iran (Panahi and Saei, 2019). These studies 

could suggest that some S. aureus strains belonging to t521 may also be involved in causing 

mastitis in cows on the Zambia farms. Therefore, proper identification, prevention and control 

of mastitis might help in ensuring good quality and safe milk production and, minimise 

contamination of milk along the Zambian dairy value chain. In addition, the sequence type 

ST97 lineage (where t521 found in this study belong) is among the lineages mostly detected 

frequently in bovine milk worldwide (Mistry et al., 2016). Other studies have reported 

detecting t521 from blood cultures from patients in South Africa (Orth et al., 2013) and in 

human nasal swabs from human carriers in a community in the Amazonia forest of French 

Guiana in South America (Ruimy et al., 2010). These findings could also suggest the possibility 

of transmission of S. aureus between cows and humans. However, the direction of transmission 

is not known.  

 

The current study finding also showed that some S. aureus spa types were only found in one 

or two provinces (Table 38, 39,40, 41). This may suggest that these strains could be specifically 

localised in these provinces. However, because of movement of people and livestock between 

provinces, transmission and spread to other provinces could be possible. On the other hand, S. 

aureus isolates belonging to t2677 are rare in Africa and data is limited. However, some strains 

belonging to t2677 have been isolated in Germany and included in the Ridom spa database 

(Harmsen et al., 2003). Much is not known about strains belonging to t2677 in Africa and this 

could be the first time t2677 is being reported to be detected in milk in Africa. In addition, S. 

aureus isolates belonging to t6049 are also rare in Africa and data is not available. However, 

the Ridom spa database, show that t6049 has been isolated before. Furthermore, the association 

and country of origin is not known (Harmsen et al., 2003). This could be the first time it has 

been reported in Africa from milk samples. 

 

 

At clonal level, prevalence was highest for CC97 with 127 isolates and CC/ST152 with 34 

isolates. CC15 and CC121 had 7 isolates each; the other 1–3 isolates. This finding contrasts 

with that of other studies which reported that CC5, CC15 and CC30 were the most prevalent 

clonal complexes in Africa (Ruimy et al., 2008; Conceicao et al., 2015; Ruffing et al., 2017) 
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with C121 being the most prevalent clonal complex in Sub-Saharan Africa (Schaumburg et al., 

2014; Ruffing et al., 2017). All the isolates in the current study were methicillin sensitive S. 

aureus (MSSA). Other studies have reported a high diversity of MSSA among the strains 

isolated from animals in Africa with about 23 clonal complexes and many different spa types 

have been identified (Gharsa et al., 2012a; Gharsa et al., 2012b; Lozano et al., 2016). MSSA 

strains belonging to CC1, CC5, CC8, CC9, CC30, CC97 and CC121 have been detected in 

animals in several countries in Africa and have also been found in other livestock animals in 

other continents (Lozano et al., 2016). The CC97 is mainly related to ruminants (Gharsa et al., 

2012b) and S. aureus strains belonging to clonal complex CC97 have been known to cause 

mastitis worldwide (Moser et al., 2013; Luzzago et al., 2014; Luini et al., 2015; Wang et al., 

2015). CC97 has also been found in pigs (Battisti et al., 2010; Gomez-Sanz et al., 2010).  

 

On the other hand, CC8 and CC121 have been detected in other continents in cattle, horses, 

pigs, and rabbits (Vancraeynest et al., 2006; Smyth et al., 2009; Walther et al., 2009; Gomez-

Sanz et al., 2010; Sakwinska et al., 2011; Lozano et al., 2016). Furthermore, besides CC97, 

Fall et al. (2012) reported the detection of CC1, CC5, CC8, CC15, CC72, CC121 and CC152 

in pigs . In addition, CC5 has been associated with MSSA and MRSA detected in pigs, dogs 

and goats in other studies in some countries in Africa (Youn et al., 2014; Schaumburg et al., 

2015b; Lozano et al., 2016). In addition, CC30 has been found in MSSA strains from other 

animal species, excluding pigs in Zambia, Uganda, Tunisia and Côte d’lvoire (Schaumburg et 

al., 2012a; Schaumburg et al., 2012b; Schaumburg et al., 2013; Gharsa et al., 2015; Lozano et 

al., 2016). Besides occurrence in ruminants and other animals, S. aureus strains belonging to 

CC97 are also considered to be circulating among humans (Lozano et al., 2011; Egyir et al., 

2014a). In the current study, isolates belonging to CC97 were detected mainly in pooled milk 

on farms (including milk from mastitis cows) and a few in milk buckets and from hand and 

nasal swabs from milkers. This may suggest that clinical and subclinical mastitis or 

milkers/buckets could be some of the sources of contamination to milk with S. aureus strains 

belonging to these spa types.  

 

 



45 

 

5.3.2 Diversity of enterotoxin gene patterns of S. aureus isolates isolated from the three 

study provinces 

The current study findings showed that only 16 S. aureus isolates (21 percent) out of 77 isolates 

analysed by NGS or DNA microarray and six unidentified/unknown types were 

enterotoxigenic strains. A study done in Ethiopia reported the detection of enterotoxin genes 

among isolates from bovine milk (Seyoum et al., 2016). In addition, the study findings show 

that all the three analysed isolates belonging to spa type t4198 harboured at least two different 

enterotoxin genes patterns and that isolates belonging to t355 harboured enterotoxin genes or 

none (Table 42).  Seyoum et al. (2016) reported that 26 strains of S. aureus from bovine milk 

also harboured more than one enterotoxin genes. In the current study, only two isolates out of 

77 analysed isolates were positive for at least one gene of the group sea and only eight 

harboured at least sea to see genes encoding the classical SEs. This finding disagrees with the 

study done by Normanno et al. who described that sea gene was the most frequent enterotoxin 

gene among the enterotoxigenic strains of S. aureus (Normanno et al., 2005). In addition, 

Seyoum et al. (2016) also reported that sea gene was the most prevalent among isolates from 

bovine milk. The current study finding revealed that only isolates belonging to t002 and t064 

(only one isolate analysed by DNA microarray each) harbour sea gene. This study finding 

agrees with that of a study in South-West Uganda which reported that only two out of about 41 

isolates harboured enterotoxin gene sea (Asiimwe et al., 2017b).  

 

The SEA enterotoxin encoded by sea has been known to be the most common cause of food 

poisoning (FP) worldwide (Argudin et al., 2010). However, other SEs have also been 

implicated in FP outbreaks including SEH which is encoded by seh (Argudin et al., 2010). In 

the current study, enterotoxin gene seh was not detected among the S. aureus isolates. Further, 

the predominant enterotoxin gene in the current study was sei (11/77, 14.3 percent), which is 

part of the egc cluster (see below). This finding disagrees with that of other studies which have 

reported that the predominant enterotoxin gene in African isolates was seb (Schaumburg et al., 

2011a; Ruffing et al., 2017). Only three isolates harboured seb (together with the sec gene) in 

the current study. This could suggest enterotoxin gene diversity in the strains of S. aureus from 

the dairy value chain in African countries. 

 



46 

 

The actual capability of these S. aureus strains to produce SEs was not analysed and may 

depend on many factors. These factors may include population density of S. aureus, density of 

competitive microflora, storage environment, storage temperature, pH, salt concentration, 

water activity (aw) and presence of oxygen (Akkaya et al., 2014). S. aureus could be capable of 

producing enterotoxins after reaching concentrations of about 105 to 106 CFU/g of food 

(Untermann and Muller, 1992; Akkaya et al., 2014). However, lower concentration of S. aureus 

might be sufficient to produce enterotoxins depending on the strain involved and environment. 

Therefore, good milk handling hygiene and keeping milk under cooling facilities (fridges) 

could help in reducing the growth and multiplication of S. aureus and possible production of 

enterotoxins in milk. This could further reduce the risk to consumers. Pasteurization or boiling 

of raw milk and prevention of subsequent contaminations remains the golden standard in 

eliminating such as S. aureus in raw milk (Claeys et al., 2013; Forrokh et al., 2013).  

 

The study findings indicate that out of the selected 77 S. aureus isolates, 13 isolates harboured 

at least five or more enterotoxin genes, including those of the enterotoxin gene cluster egc 

(Table 42). The egc operon encodes the enterotoxins SEG, SEI, SEL, SEM, SEN and SEO 

(Jarraud et al., 2001; van Belkum et al., 2006). The egc cluster was detected in isolates 

belonging to t002 (one isolate), t015 (one isolate), t318 (one isolate), t3772 (one isolate), and 

t4198 (three isolates) including in six isolates of unknown/unidentified spa type belonging to 

ST3575. However, these six isolates belonging to unknown/unidentified spa type seem to lack 

the seg gene. The absence of usually one or more genes in the egc cluster has been previously 

reported in other studies (Lozano et al., 2011). The isolates not assigned to a particular spa 

type were from different samples of unprocessed and processed (sour) milk and, the isolates 

with enterotoxin gene of spa type t002, t3772 and t4198 were from pooled raw milk. On the 

other hand, isolates positive for enterotoxin genes belonging to t015 and t318 were isolated 

from nasal swabs from milkers. This suggests that milkers could be the source of contamination 

to milk with enterotoxigenic strains of S. aureus. 

 

A study in South Africa on milk from infected cows and samples from nasal swabs from 

humans in contact with animals, reported the detection of isolates belonging to t015, with 

strains from bovine not carrying any enterotoxin genes while those from humans harboured 

sec, seg, sei, sel, selm and selo (Schmidt et al., 2017). A study in Mozambique on admitted 
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children less than 15 years old reported that isolates belonging to t015 from blood harboured 

no enterotoxins (Vubil et al., 2017). In addition, Shittu et al. (2011) reported that isolates 

belonging to t002 and t3772 from clinical and non-clinical sample did not harbour any 

enterotoxin genes. Further, Vubil et al. (2017) reported that isolates belonging to t002 from 

blood harboured enterotoxin gene sea. Other studies have reported that isolates belonging to 

t002 from nasal swabs from human carriers that harboured only seb or sec (Ruimy et al., 2010). 

A study done in Nigeria reported the detection of isolates belonging to t318 harbouring 

enterotoxin genes seo, seg and seu (Ayeni et al., 2018). Further, the current study finding 

revealed that isolate belonging to t318 at least harboured six enterotoxin genes. Ruimy et al. 

(2010) reported detecting isolates belonging to t318 from nasal swabs from human carriers 

harbouring only the gene seb or no enterotoxin genes. These findings further indicate diversity 

of S. aureus strains circulating in Africa, which could to some extent be dependent on the 

geographical locations. 

 

The current study findings also showed that only one isolate (PVL-positive) from unprocessed 

milk from traditional market in Southern province, out of 12 S. aureus isolates isolated 

belonging to t355 harboured enterotoxin genes (Table 42). The enterotoxin genes sec and sel 

were detected in the isolate described above. In addition, three of the 77 selected isolates for 

detailed analysis by NGS belonging to t355 were PVL-negative. A study conducted in Côte 

d’lvoire reported detection of isolates belonging to t355 from milk and fermented milk samples 

and these isolates did not carry any enterotoxin genes (Jans et al., 2017). Another study done 

in Nigeria reported detection of PVL-positive isolates belonging to t355 from two locations 

among clinical isolates from nasal swabs including from carriers in communities and these 

isolates did not harbour any enterotoxin genes (Ayeni et al., 2018). However, other studies 

have reported detecting some isolates belonging to HA-MSSA and CA-MSSA t355 strains 

harbouring enterotoxin sem (Breurec et al., 2011). This finding could also suggest the diversity 

of strains belonging to t355 in Africa which may be associated with regions or countries. 

 

The current study finding also showed that the analysed isolates belonging to t084 (4 selected 

isolates analysed in detail out of even isolates generated in the study) and t267 (all the five 

isolates belonging to t267 analysed in detail) circulating in the three provinces did not carry 

any enterotoxin genes. However, since only these five of the isolates belonging to t267 out of 
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39 were analysed in detail for the presence of SE genes among the generated isolates, other 

isolates probably were enterotoxigenic although they were not analysed in detail. Previous 

studies on some isolates of t084 and t267 (including isolates from human and milk/sour milk) 

showed absence of SE genes (Jans et al., 2017; Vubil et al., 2017), while other isolates carry 

SE gene(s). Presence of sea in isolates belonging to t084 has been reported in isolates from 

milk and fermented milk samples in Côte d’lvoire (Jans et al., 2017) and among HA-MRSA 

and CA-MSSA isolates from patients in hospitals and communities in five towns of Africa 

(Breurec et al., 2011). Moreover, S. aureus isolates from raw meat of sheep and belonging to 

t084 and chicken belonging to t267 were found to carry the enterotoxin gene sen (Chairat et 

al., 2015). However, in the current study the isolates belonging to t084 not analysed in detail 

cannot be ruled out as carrying enterotoxins.  

 

The contamination of raw milk in the Zambian dairy value chain with enterotoxigenic strains 

of S. aureus, represents a public health concern because of the ability of some strains of S. 

aureus strains to produce heat-stable enterotoxins in milk (Argudin et al., 2010). This could be 

a risk to consumers especially if milk is kept at elevated temperatures as S. aureus could grow 

and multiply rapidly, and may produce enough enterotoxins in milk to cause food poisoning 

(Argudin et al., 2010). Therefore, lack of cooling facilities and high environmental 

temperatures would provide perfect conditions for enterotoxin production. The potential 

production of enterotoxins by enterotoxigenic S. aureus strains in milk, also represent a 

potential threat to public health as the ingestion of preformed toxins in food is the major cause 

of FP worldwide (Le Loir et al., 2003; Srinivasan et al., 2006; Schmidt et al., 2017). Therefore, 

the detection of enterotoxigenic S. aureus strains in the Zambian dairy value is a public health 

concern. The detailed characterisation of selected isolates showed a diversity of S. aureus 

strains isolated from the Zambian diary chain and the potential of some of these strains to 

produce SE(s) in milk. 

 

5.3.3 Presence of PVL-positive S. aureus in the Zambian dairy value chain 

PVL-positive MSSA isolates have been known to be endemic in Africa (Schaumburg et al., 

2014; Stegger et al., 2014; Lozano et al., 2016) with a high prevalence of 17–74 percent 

(Breurec et al., 2011; Schaumburg et al., 2014). However, the prevalence of PVL-positive 

MSSA strains in Europe is very low and rang between 0.9–1.4 percent (von Eiff et al., 2004; 
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Schaumburg et al., 2014). The current study findings showed that a total of 29 methicillin 

sensitive S. aureus (MSSA) isolates were PVL-positive (9.8 percent, 29/295) in the three 

provinces with Lusaka, Western and Southern having nine, four and 16 PVL-positive isolates 

respectively (Table 38, 39, 40, 41). S. aureus strains carrying PVL are frequently isolated in 

Africa (Egyir et al., 2014b). Studies in West and East Africa have reported 40 percent 

prevalence of PVL-positive MSSA among clinical isolates (Breurec et al., 2011; Schaumburg 

et al., 2011b; Shittu et al., 2011; Egyir et al., 2014a; Abdulgader et al., 2015). PVL is a 

virulence factor described for S. aureus isolates from human samples (Dinges et al., 2000; 

Zecconi et al., 2006; Vrieling et al., 2016; Mekonnen et al., 2018).  

 

In the current study, most PVL-positive isolates belong to CC152 and ST152 (t355, t454, 

t1096). Besides, PVL was found in isolates of CC121 (new spa type t14198) and in one isolate 

of CC30. This finding agrees with other studies conducted in Central and West Africa which 

reported that CC/ST152, CC/ST121 and CC/ST30 are some of the major clones that show high 

proportions of PVL-positive isolates (Schaumburg et al., 2014). Further, PVL has been 

detected mainly in some MRSA strains isolated from animals in several African countries 

including Democratic Republic of Congo, Senegal, Tunisia and Côte d’lvoire (Fall et al., 2012; 

Gharsa et al., 2012b; Schaumburg et al., 2015b; Lozano et al., 2016). These findings may 

indicate the diversity of the population structure of S. aureus strains in Africa. It has been well 

established in Africa that the population structure of MSSA stains is much diverse than MRSA 

(Breurec et al., 2011) and it has been suggested that MRSA probably originated from a few 

epidemic lineages of MSSA through transfer of SCCmec (Deurenberg and Stobberingh, 2008). 

The high number of PVL-positive MSSA strains could lead to emergence and possible spread 

of successful and highly virulent PVL-positive MRSA and this happening has already been 

observed in Africa (Breurec et al., 2011).  

 

The current study findings indicated that 71 percent (17/24) of the S. aureus isolates belonging 

to t355 were PVL-positive, with presence in all three provinces. The isolates were recovered 

from nasal and hand swabs of milkers, pooled raw milk and milk buckets from farms, and from 

one unprocessed milk sample from traditional markets. Other studies have also reported 

detection of PVL-positive isolates belonging to t355 (3/79, 4 percent) in milk samples 

(Mekonnen et al., 2018), in MRSA strains from nasal swabs of asymptomatic carriers and 
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patients (Ruimy et al., 2008; Asiimwe et al., 2017a; Schaumburg et al., 2011b; Breurec et al., 

2011). In addition, a study conducted by Ayeni et al. (2018) in Nigeria reported the detection 

of PVL-positive MSSA strains belonging to t355 from clinical human sample. PVL-positive 

isolates from milk in the current study could be from milkers. 

 

In the current study, all of the identified S. aureus isolates belonging to t1096 (n=3) were PVL-

positive and were isolated from pooled raw milk samples from farms in the Southern province. 

Also for this spa type, PVL-positive isolates were previously detected in human samples in 

Africa. A study in 5 African countries (Madagascar, Morocco, Senegal, Niger, and Cameroon) 

on patients suspected of staphylococcal infection reported isolates belonging to t1096 to be 

PVL-positive MSSA (HA-MSSA and CA-MSSA) (Breurec et al., 2011). Further, a study in 

Ghana in the Ashanti region reported isolation of PVL-positive S. aureus belonging to t1096 

from nasal swabs from children admitted to the Agogo Presbyterian hospital (Eibach et al., 

2017). In addition, a study in Haiti also reported detection of PVL-positive MSSA of t1096 

(CC152) in osteomyelitis infection from patients (Schaumburg et al., 2015a).  The current 

study finding also reveals that all of the S. aureus isolates belonging to t4198 (n=3) 

characterised in detail, were PVL-positive and were isolated from pooled milk from farms in 

the Southern province. Schaumburg et al. (2015a) also reported the detection of PVL-positive 

t4198 (CC121) MSSA in abscesses from patients. It has been suggested that S. aureus strains 

from Haiti could be related to clones which might have probably originated from Africa during 

slave trade or later due to African diaspora (Schaumburg et al., 2015a). However, there is 

limited data on PVL-positive MSSA strains belonging to t4198 in Africa. 

 

The only isolate analysed belonging to PVL-positive t318 (MSSA) was isolated from nasal 

swab from a milker. PVL-positive isolates belonging to t318 were also detected in humans and 

goats in Côte d’lvoire (Schaumburg et al., 2015b). Further, PVL-positive isolates belonging to 

t318 were detected and identified as CA-MSSA and HA-MSSA from samples of patients taken 

from hospitals in 5 different African countries (Breurec et al., 2011). In a study on healthcare 

institutions in Kenya on patients, isolates belonging to MSSA t318 were detected in tracheal 

aspirate and MRSA t318 in nasal swabs of patients (Omuse et al., 2016). Omuse et al. 

suggested that there was a possibility of S. aureus strains belonging to t318 spa type acquiring 

the SCCmec element locally. However, with the possibility of local acquisition of SCCmec 
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element, the CA-/HA-MSSA isolates could become CA-/HA-MRSA. The possible 

dissemination of PVL-positive MRSA could present a significant challenge to disease 

management and infection control to most African countries (Abdulgader et al., 2015). This 

might also be true for the dairy value chain in Zambia, considering a potential transmission of 

such isolates from humans to cows/milk.  

 

The current study finding also revealed that the one identified S. aureus isolate belonging to 

t454, isolated from a milk bucket swab, was PVL-positive. This spa type was rarely found in 

Africa, but a study in Ghana reported detecting PVL-positive isolates belonging to t454 in 

patients from hospitals (Egyir et al., 2014b). These findings strongly suggest that PVL-positive 

MSSA isolates could be of human origin and their presence in milk could indicate the possible 

human to cow transmission but contaminate the milk. Finding S. aureus isolates belonging to 

t454 in the milk bucket swab could also suggest that milk buckets were not properly cleaned. 

Therefore, unclean milk containers could be vehicles for transmission and spreading S. aureus 

in the Zambian dairy value chain.  

 

The current study did not detect any luk-PV genes among the isolates belonging to t064. This 

finding disagrees with that of a study in five towns of Africa which reported detection of some 

isolates belonging to t064 among HA-MRSA and CA-MSSA isolates from patients in the 

hospitals and carriers in communities harbouring luk-PV genes (Breurec et al., 2011). These 

findings could indicate the diversity in virulence among isolates belonging to t064 in Africa. 

In addition, the luk-PV genes (lukF-PV and lukS-PV) encode for PVL toxin and this toxin has 

been implicated in deep abscess, severe necrotizing pneumonia and severe bone and joint 

infections in humans (Lina et al., 1999; Gillet et al., 2002; Breurec et al., 2011). However, the 

current study finding indicates that isolates belonging to t064 did not harbour any lukF-PV and 

lukS-PV genes. PVL is a highly cytotoxic and pore forming toxin produced by some strains of 

S. aureus and which usually targets the human immune system cells including the neutrophils, 

monocytes, and macrophages (Szmigielski et al., 1998; Breurec et al., 2011). The pores caused 

by PVL toxin leads to cytokine release depending on the concentration of toxin, and cell death 

mainly due to necrosis or apoptosis (Genestier et al., 2005; Breurec et al., 2011). PVL toxin 

has been associated with the highly aggressive and fatal form of community acquired infections 

(Stryjewski and Chambers, 2008).  
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In the current study, all the PVL-positive isolates were MSSA strains and some of them 

belonging to the pandemic sequence type ST30 (t318, one isolate isolated) and ST121 (t4198, 

seven isolates isolated). This finding agrees with that of a study done in Nigeria which reported 

detecting MSSA strains belonging to t318 harbouring lukS-PV and lukF-PV genes 

(Ghebremedhin et al., 2009). The current study finding also agrees with that of other studies 

that have reported that PVL-positive ST30 and ST152 are more common in Africa than any 

other continent (Ruimy et al., 2008; Rasigade et al., 2010b; Schaumburg et al., 2011b). These 

studies could suggest that S. aureus strains belonging to these sequence types circulating in the 

Zambian dairy value chain, could be reservoirs for PVL-positive MRSA as previously 

suggested by other studies (Rasigade et al., 2010b; Schaumburg et al., 2011b).  

 

5.3.4 Diversity of leucocidin and other virulence genes of S. aureus isolates isolated from 

the three study provinces 

MSSA strains carry different virulent factors that help the bacteria to increase its ability for 

invasion and survival (Lowy, 1998; Ferry et al., 2005). To do this, S. aureus is able to express 

different virulence factors that promote survival and pathogenesis inside the host (Malachowa 

et al., 2012). Besides PVL, presence of leucocidin genes was determined by NGS or DNA 

microarray analysis. The current study findings revealed that almost all S. aureus isolates 

analysed in detail harboured at least leucocidin genes. However, only for the selected isolates 

of spa type t1299 (two isolates were analysed by NGS) no leucocidin genes were identified 

(Table 43). In addition, all 77 (100 percent) isolates analysed in detail (NGS and DNA 

microarray) carry the gene HlgAB and these encode bi-component leucocidins which play a 

significant role in phagocytosis of S. aureus. These toxins kill the polymorphonuclear 

phagocytes (PMNS), disrupt epithelial and endothelial barriers, and lyse erythrocytes to 

provide iron for bacterial growth (Venkatasubramaniam et al., 2018). The current study finding 

agrees with that of a study done in Nigeria by Ghebremedhin et al. (2009) which reported 

detecting MSSA strains belonging to PVL-positive t318, t064 harbouring hlgA and hlgB. In 

the current study, a total of 55 isolates out of 77 (71.4 percent) harboured HlgCB gene. These 

genes are responsible for encoding bi-component-leucocidin toxins which are primarily known 

for their lytic activity towards polymorphonuclear phagocytes (Spaan et al., 2017). This finding 

is consistent with that of a study done in South Africa which reported that 75 percent of bovine 
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and 69 percent of human S. aureus isolates were positive for leucocidin (hlg) genes while 86 

percent from cattle and 25 percent from humans were positive for hlb genes   (Schmidt et al., 

2017). A study on S. aureus in Democratic Republic of Congo reported that the prevalence of 

hlgA, hlgB, hlgC virulence genes was 79.6 percent among isolates while for hlb virulence genes 

it was 90 percent (Lebughe et al., 2017). In addition, 73 isolates out of 77 (95 percent) in the 

current study harboured hlb (β-haemolysin) and this finding is consistent with a study done in 

Democratic Republic of Congo (Lebughe et al., 2017).  

 

The study findings showed that about 55 S. aureus isolates (55/77, 70 percent) at least harbour 

lukE and lukD leucocidin genes and were the third most prevalent genes after HlgAB and 

HlgCB. The presence of lukD and lukE genes have been observed in cases of impetigo (Gravet 

et al., 2001) and in patients with antibiotic-associated diarrhoea (Gravet et al., 1999). The genes 

lukE and lukD encode the leucocidin toxin LukED. Like other leucocidins, LukED toxin targets 

and kills human neutrophils (Vasquez et al., 2020). In the current study, lukE and lukD genes 

were present in 22 out of 36 spa types (t002, t064, t084, t189, t237, t267, t359, t454, t458, t521, 

t527, t1096, t1201, t1234, t1236, t2844, t2883, t 3772, t4198, t4955, t5229 and t18400). A 

study done  in South Africa, reported detection of lukE and lukD in all bovine isolates and in 

human isolates (Schmidt et al., 2017). A study on S. aureus in Democratic Republic of Congo 

reported that lukE and lukD genes were the second prevalent leucocidin genes detected 

(Lebughe et al., 2017). Another study in Africa reported detecting a higher prevalence of lukE 

and lukD genes in milk and fermented milk products (Jans et al., 2017). However, the current 

finding disagrees with that of other studies in other countries that have reported that leucocidin 

lukD and lukE are less frequently detected (Gravet et al., 1998; Becker et al., 2003; von Eiff et 

al., 2004; Schaumburg et al., 2011b). These toxins, especially in combination with other 

different virulence factors could contribute to the incidence and probably severity of infection. 

 

The current study findings also revealed that isolates belonging to t2883 (three isolates 

submitted for DNA microarray analysis) harboured three leucocidin gene patterns while 

isolates belonging to t084 (four isolates submitted for DNA microarray analysis) carry two 

leucocidin gene patterns (Table 43). A study in Tunisia reported that isolates belonging to t2883 

from bovine milk from bulk tanks and individual cows harbour lukD, lukE and lukM leucocidin 

genes (Ben Said et al., 2016). However, in the current study lukM leucocidin gene was not 
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detected in isolates belonging to t2883. In addition, the current study finding agrees with that 

of a study in Tunisia which reported that all isolates belonging to t2844 from bovine milk 

harbour at least lukM gene (Ben Said et al., 2016). This may also suggest diversity in virulence 

among strains belonging to t2883 and t2844 circulating in Africa. On the other hand, the current 

finding also agrees with that of a study in Nigeria on clinical samples from inpatients upon 

being admitted to two hospitals in South western Nigeria which reported detecting MSSA 

strains belonging to t084 harbouring lukD and lukE genes (Ghebremedhin et al., 2009). Other 

studies have reported that all isolates belonging to t084 from bovine milk harbour at least lukD 

and lukE genes (Ben Said et al., 2016). A study done in Tunisia reported the detection of MSSA 

isolates belonging to t084 from veal and sheep carrying no any leucocidin genes (Chairat et al., 

2015). Further, these findings may indicate differences in the strains belonging to t084 in 

Africa. Another study done in Tunisia reported that isolates belonging to t359, t521, t2844 and 

t2883 from bovine milk also harbour lukD and lukE genes (Ben Said et al., 2016). Chairat et 

al. (2015) reported detecting MSSA isolates belonging to t189 strains from sheep harbouring 

lukE in Tunisia. This could suggest diversity in virulence and role in pathogenesis among 

strains belonging to t189. 

 

A total of 36 out of 77 S. aureus isolates (47 percent) harboured lukY, while at least 27 isolates 

(35.1 percent) carried lukX genes. Jans et al. (2017) reported a higher prevalence of lukY and 

lukX genes in milk and fermented milk products. This could suggest that there was diversity in 

virulence of strains of S. aureus circulating in the Zambian dairy value chain. The current study 

findings also show that isolates belonging to four spa types out of 36 (t1201, t1236, t2677 and 

t2844) harbour lukM leucocidin gene and five isolates carry the bovine variants lukF-PV (P83) 

and lukM. A study done in South Africa detected lukF-PV (P83) and lukM in 56 percent of 

bovine isolates and only one in human isolates (Schmidt et al., 2017). The lukF-PV (P83)/lukM 

genes, which encode a bi-component leucotoxin that is highly active against bovine 

neutrophils, was present in only 5 isolates out of 37 analysed by DNA microarray. These genes 

were only detected in isolates belonging to clonal complex CC97 (t1201) from pooled raw milk 

and t2844 from pooled raw milk, nasal and bucket swab and CC522 (t2677) from pooled raw 

milk. In addition, lukF-PV (P83)/lukM genes have been reported previously to be common in 

cattle (Monecke et al., 2008; Jamrozy et al., 2012). The findings strongly suggest that isolates 
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belonging to t1201, t2677 and t2844 are from bovine (cattle). Therefore, the cows could be a 

source of these strains into milk. 

 

Moreover, almost all S. aureus isolates analysed in detail harboured the aur gene. Further, a 

total of 56 isolates (73 percent) at least harboured splB, 53 isolates (69 percent) splA, 45 isolates 

(45/78, 58 percent) splE, 26 isolates (34 percent) edinB. The splA, splB and splE genes encode 

spl proteases. The epithelial cell differentiation inhibitor EDIN is encoded by edinA, edinB and 

edinC genes (Munro et al., 2010). The study findings also indicated that 26 isolates belonging 

to t355 (12 isolates), t454 (one isolate), t1096 (3 isolates), t1299 (two isolates), t3772 (one 

isolate), t6049 (one isolate) and six isolates belonging to unknown spa type (ST3575) 

harboured the edinB gene. Further, the study findings indicated that isolates belonging to spa 

type t084 (four isolates analysed by DNA microarray analysis) harboured two patterns of 

virulence genes with one isolate harbouring at least aur, eta, hlgA, splA, splB, splE genes and 

three isolates carrying at least aur, hlgA, splA, splB, splE genes. A study in Mozambique on 

admitted children less than 15 years old reported isolating isolates belonging to t084 and t064 

from blood harbouring at least splA and splB (Vubil et al., 2017). A frequent occurrence of the 

proteases genes splA and splB in African S. aureus isolates was previously described (Ruffing 

et al., 2017). Besides, splE gene was more prevalent in Germany isolates (Ruffing et al., 2017).  

 

The current study findings agree with that of a study in five towns of Africa which reported 

detection of eta gene (exfoliatin A) among HA-MRSA and CA-MSSA isolates belonging to 

t084 from patients from hospitals and communities (Breurec et al., 2011). These studies may 

suggest that strains belonging to t084 circulating in the Zambian dairy value chain could be 

very virulent with the potential to cause infections in both humans and animals. Further, the 

virulence gene eta was only found in two isolates out of the 77 selected isolates, belonging to 

t084 (from nasal swab of a milker) and t002 (from pooled raw milk) in the current study. This 

finding is consistent with that of a study in Gabon which reported low prevalence of eta genes 

among human clinical and carrier isolates (Schaumburg et al., 2011b). In addition, the current 

study disagrees with the studies in Nigeria which reported that eta is more prevalent in 80 

percent of S. aureus (Adesiyun et al., 1991). Chairat et al. (2015) reported that S. aureus 

isolates from raw meat of veal and sheep belonging to t084 did not carry eta. However, this 

study also reported that S. aureus isolates from sheep belonging to t189 carried eta (Chairat et 
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al., 2015). The genes eta, etb and etd encode the exfoliative toxins (ETA, ETB and ETD) (Lee 

et al., 1987; Ladhani, 2001). These are interesting virulence factors of S. aureus and they have 

been known to be directly responsible for the clinical manifestation of staphylococcal scalded 

skin syndrome (SSSS) which is characterised by skin exfoliation (Ladhani, 2001). Further, 

exfoliative toxins like other staphylococcal toxins represent a risk to humans and they have 

been associated with severe infections (Lina et al., 1999; Jarraud et al., 2002; Ben Said et al., 

2016). In addition, only one isolate belonging to t3772 analysed by DNA microarray, carried 

etd gene. This finding agrees with a study done by  Becker et al. which described that etd is 

less common than eta and etb (Becker et al., 2003). However, the current study did not detect 

etb gene in any isolate among the 77 S. aureus isolates analysed by NGS or DNA microarray.  

 

The genes hla (alpha-haemolysin gene) and hld (delta-haemolysin gene) were present in almost 

all S. aureus isolates analysed by DNA microarray or NGS. A study done in South America 

reported detecting hla and hld genes in all S. aureus isolates from nasal swabs from human 

carriers (Ruimy et al., 2010). Further, a study in Tunisia reported that MSSA isolates belonging 

to t267 from chicken, t189 from sheep and t084 from veal and sheep harbour hla and hld 

(Chairat et al., 2015). A study done in Mozambique on admission of children reported isolating 

isolates belonging to t3772 from blood harbouring at least hla and hld (Vubil et al., 2017). 

Moreover, in the current study, the β-haemolysin gene hlb was frequently detected in the 

isolates selected for detailed characterisation. The hlb-positive isolates belong to 31 of the 33 

analysed spa types, including those with PVL (Table 43). This finding agrees with that of a 

study done in five towns of Africa which reported detection of some isolates belonging to PVL-

positive t318, t355 and t1096 among HA-MRSA and CA-MSSA strains from patients in the 

hospitals and carriers in communities harbouring hlb genes (Breurec et al., 2011). Breurec et 

al. (2011) also reported detection of some isolates belonging to t064 among HA-MRSA and 

CA-MSSA isolates from patients in the hospitals and carriers in communities that harbour the 

hlb gene.  

 

Out of the 77 isolates studied in detail in the current study, 23 harboured both hlb genes and 

genes of the immune evasion cluster IEC. This finding agrees with that of other studies that 

have reported detection of both hlb and IEC genes, since the IEC is located on the β-haemolysin 

converting bacteriophages (van Wamel et al., 2006; Schmidt et al., 2017). However, isolates 
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belonging to t084 (four analysed by DNA microarray) and t015 (one isolate analysed by DNA 

microarray) did not harbour both hlb and IEC genes, but only IEC genes.  

 

 

5.3.5 Beta-haemolysin-converting bacteriophages (HLG-Conv-Phages) virulence genes 

observed among the isolates from the three study provinces 

The current study findings showed that 28 S. aureus isolates (belonging to 11 spa types) out of 

77 isolates selected for detail characterisation harboured two or three immune evasion genes 

(sak, scn or chp scn or sak, chp and scn). The sak, chip and scn genes encode the staphylokinase 

(SAK) enzyme, chemotaxis inhibitory protein of S. aureus (CHIPS), and the staphylococcal 

complement inhibitor protein (SCIN) respectively (Kumagai et al., 2007). The three human 

specific innate immune modulators SAK, CHIPS, SCIN and SEA (Schmidt et al., 2017) are 

considered to form immune evasion cluster (IEC) that may easily be transferable between 

strains of S. aureus by a diverse group of beta-haemolysin-converting bacteriophages (van 

Wamel et al., 2006). Further, the current study findings revealed that one S. aureus isolate each, 

belonging to t015, t318 and t3772 harbour sak, chp and scn genes while 002, t064, t355, t454, 

t1096, t1299 and t6049 respectively, harbour sak and scn genes only. A study done in South 

Africa on dairy farms reported detecting S. aureus isolates belonging to t015 from both bovine 

and humans (Schmidt et al., 2017). However, in this study only the human isolates were 

reported as harbouring chp and sac genes while the bovine isolates did not harbour any immune 

evasion genes (Schmidt et al., 2017). This finding is consistent with that of a study in 

Democratic Republic of Congo which reported detecting S. aureus isolates belonging to t002, 

t064, t355 and t1096 from patients with bloodstream infections harbouring immune evasion 

genes (Vandendriessche et al., 2017). In addition, the current study findings also show that four 

S. aureus isolates belonging to t084 harboured chp and scn genes (Table 43). This finding 

agrees with that of a study in Tunisia which reported that isolates belonging to t084 from bovine 

milk harbour chp and scn genes (Ben Said et al., 2016). The current finding also agrees with 

that of a study in Democratic Republic of Congo which reported detecting S. aureus isolates 

belonging to t084 from patients with bloodstream infections harbour immune evasion genes 

(Vandendriessche et al., 2017). Therefore, this could strongly indicate that isolates belonging 

to t002, t084, t355, t1096, t1299, t3772, t6049 found in the raw milk and isolate belonging to 

t454 from bucket swab harbouring immune evasion genes (Table 43) in the current study could 
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be of human origin. Therefore, colonised milker could be a source of contamination to milk. 

However, not all human isolates have been found with immune evasion genes (Verkaik et al., 

2011; Schmidt et al., 2017). 

 

5.3.6 Diversity of antimicrobial resistance gene patterns and antibiotic resistance profiles 

of S. aureus isolates isolated from the three study provinces 

A total of 38 S. aureus isolates (49 percent) out of 77 analysed by NGS or DNA microarray) 

at least harboured norA-like gene (for fluoroquinolone resistance). This may suggest that the 

resistance against fluoroquinolones could be due to fluoroquinolone drugs commonly used in 

animals, poultry and humans. Some of the drugs in this group such as ciprofloxacin have been 

used mainly to treat some infections such as sepsis, typhoid, skin and soft tissue infections 

(Wisemann and Balfour, 1994). Further, ofloxacin has been used to treat urinary tract infections 

(Kromann-Andersen and Krøyer Nielsen, 1990) while nalidixic acid has been used for treating 

dysentery (Bennish and Salem, 1992). Currently ceftriaxone (a new third-generation 

cephalosporin) is being used for treatment of gonorrhoea in hospitals and clinics because of 

fluoroquinolone resistance in some bacteria (Lamb et al., 2002).  Further, a study in a secondary 

health care hospital in Zambia reported a high fluoroquinolone resistance among 

Enterobacteriaceae isolated from outpatients and health clinic attendants studied (Nagelkerke 

et al., 2017). In addition, a study done in Sub-Saharan Africa reported fluoroquinolone 

resistance mainly among Salmonella and Escherichia coli (Chattaway et al., 2016). However, 

this studies did not report on detection of fluoroquinolone resistance genes. The 

fluoroquinolone resistance genes could also be as a result of the presence of the drug residues 

in the environment or resistance genes coming from other biological systems such as fungi and 

other bacteria.  

 

Penicillin and tetracycline were the second and third most detected resistance genes after 

fluoroquinolone resistance denes in the current study. A study in South Africa on S. aureus 

from meat carcasses and bovine milk from abattoirs and dairy farms of Eastern Cape reported 

that blaZ gene was detected in 14.9 percent of S. aureus isolates (Pekana and Green, 2018). 

Other studies done in Ghana on S. aureus isolates from patients and carriers reported that all 

isolates harboured blaZ gene while prevalence of the tetK gene was low (Donkor et al., 2018). 

It seems penicillin and tetracycline are some of the common drugs especially used in treatment 
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of mastitis by farmers in dairy cows (Mainda et al., 2015). However, the proportions of genes 

may also be due to natural resistance genes in the natural environment. Further, evidence shows 

clearly that some organisms and environment could harbour antibiotic resistance genes 

regardless of the level of human use of antibiotics (Allen et al., 2010).  

 

The current study findings also showed that 31 S. aureus isolates (40.3 percent) harboured at 

least one resistance gene, and 37 (48.1 percent) isolates carried 2-4 antibiotic resistance genes 

(Table 44). This could suggest diversity of antimicrobial resistance among the S. aureus 

isolates in the Zambian dairy value chain. In addition, the study findings revealed wide 

diversity of genetic characteristics of MSSA isolates belonging to spa type t355 (Table 38, 39, 

40, 41) and isolates from this spa type harboured at least four different antibiotic resistance 

gene patterns. All 12 isolates selected for t355 for detailed characterisation by NGS harboured 

one or more antibiotic resistance genes. A study done in Côte d’lvoire reported the detection 

of MSSA isolates belonging t355 from milk and fermented milk samples not harbouring any 

resistance genes (Jans et al., 2017).  

 

S. aureus isolates belonging to t267 (five isolates belonging to t267 analysed by NGS) 

harboured four different antibiotic resistance gene patterns (Table 44). Jans et al. (2017) also 

reported the detection of tetracycline and penicillin resistance genes in raw milk and fermented 

milk in Côte d’lvoire in isolates belonging to t267. Further, the study findings also showed that 

three different antibiotics resistance gene patterns are harboured by isolates belonging to t189 

(five isolates analysed by NGS), t521 (four isolates were analysed by NGS) and t084 (four 

isolates analysed by DNA microarray) each respectively. However, in contrast, Jans et al. 

reported that isolates belonging to t084 from milk and fermented milk samples in Côte d’lvoire 

harboured only one pattern of penicillin , tetracycline and fosfomycin (blaZ, tetK and fosB) 

resistance genes (Jans et al., 2017). Further, a study in Tunisia reported detecting isolates 

belonging to t084 from nasal swabs from health humans with no animal contact but in contact 

with hospitalised patients harbouring only one antibiotic resistance gene, tetK while some did 

not harbour any (Ben Slama et al., 2011). Other studies also in Tunisia reported that some S. 

aureus isolates from raw meat of sheep belonging to t084 carried tetK gene only while others 

from veal did not carry any gene and those from sheep belonging to t189 also carried tetK gene 

only (Chairat et al., 2015). The current study finding disagrees with a study in South Africa on 
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milk from infected cows and health humans in contact with animals which reported detecting 

isolates belonging to t189 but did not detect any antimicrobial resistance genes among bovine 

and human isolates (Schmidt et al., 2017). The current study finding also indicates that spa 

type t2883 (four isolates were analysed by DNA microarray) and t18400 (two isolates were 

analysed by NGS) harboured at least two different antibiotic resistance gene patterns each 

respectively. Ben Slama et al. (2011) reported detecting isolates belonging to t2883 from nasal 

swabs from health humans with no animal contact but in contact with hospitalised patients 

without antibiotic resistance genes.  

 

Other detected antibiotic resistance genes in the current study included dfrG (trimethoprim 

resistance), erm(C), erm(C)-like or mph(C) (macrolide resistance), msr(A)-like (macrolide–

lincosamide–streptogramin B resistance), cat (chloramphenicol resistance) and fosB 

(fosfomycin resistance) genes. Other studies in Tunisia reported that S. aureus (MSSA) isolates 

from raw meat samples also carried antibiotic resistant genes for erythromycin/macrolide (14.3 

percent), kanamycin (9.5 percent) and tobramycin (2.4 percent) (Chairat et al., 2015). Some of 

these drugs may be directly administered into the mammary gland to treat mastitis. Although 

several antibiotic resistant genes were detected, these could also be due to drugs present in the 

environment from other biological systems such as fungi and soil bacteria (Clardy et al., 2009). 

The current study findings also show that a total of 52 out of 72 analysed isolates showed that 

they were resistant to several drugs, with resistance against benzylpenicillin, tetracycline and 

trimethoprim being most frequent. In accordance with the genetic characterisation, resistance 

to the cephalosporin and cefoxitin (used as marker for methicillin resistance) was not identified.  

 

A total of 14 isolates out of 72 (19.4 percent) in the current study were found to be resistant to 

three of the considered antibiotic classes (multiple or multidrug resistance) (Table 44). 

Tetracycline (13 isolates, 18 percent), penicillin (12 isolates, 16.7 percent) and trimethoprim 

(six isolates, 8.3 percent) were frequently observed among the antibiotic resistant patterns 

identified, including among the multiple resistant MSSA strains (Table 44). A study done in 

South Africa on S. aureus from meat carcasses and bovine milk from abattoirs and dairy farms 

of Eastern Cape reported that multidrug resistance patterns were observed in 18 isolates from 

200 raw milk samples out of 87 isolates from meat and milk samples and antibiotic resistance 

against two to nine antibiotics was observed (Pekana and Green, 2018). Another study 
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conducted in Tanzania on milk from smallholder dairy farmers reported that penicillin and 

tetracycline were frequently observed multiple antibiotic resistance patterns among S. aureus 

isolates (Massawe et al., 2019). The current study findings also agree with that of a study in 

South Africa on S. aureus from meat carcasses and bovine milk which reported that multidrug 

resistance among all isolates was noted for penicillin, oxacillin, erythromycin and tetracycline 

(Pekana and Green, 2018). In addition, a study in Zambia conducted on companion animals at 

the veterinary teaching hospital reported that the resistant rate among S. aureus isolates against 

penicillin was (63.6 percent) followed by trimethoprim-sulfamethoxazole (36.4 percent) (Youn 

et al., 2014). Further, other studies in Tanzania on milk from smallholder dairy farmers in 

Mbeya region have reported that 57.2 percent of S. aureus isolates were resistant to penicillin 

and 19 percent to tetracycline (Massawe et al., 2019) and in South Africa, S. aureus resistance 

against penicillin was 71.6 percent and tetracycline 39.2 percent (Pekana and Green, 2018).  

 

Other studies in Africa have also reported absolute penicillin resistance and high percentage of 

resistance to other antibiotics in isolates from milk (Kasozi et al., 2014), clinical cases (Egyir 

et al., 2014b) and nasal colonisation in human carriers (Lebughe et al., 2017). Further, a study 

done in the Democratic Republic of Congo reported that resistance against tetracycline was 

also high (74.4 percent) in isolates from nasal colonisation in human carriers and in infection 

(Lebughe et al., 2017). 

 

In the current study, isolates belonging to t267 analysed in detail showed three antibiotic 

resistance patterns. One isolate was resistant to five antibiotics; gentamicin, kanamycin, 

penicillin, streptomycin and tetracycline (which belong to three antimicrobial classes). Three 

of the five isolates were resistant to penicillin, while the other two were resistant to 

streptomycin only. A study in Tunisia reported that MSSA isolates belonging to t267 from 

chicken were resistant to only one antibiotic each and showed two resistance patterns 

(penicillin or tetracycline) (Chairat et al., 2015). Laxminarayan and Heymann, (2012) reported 

that the common antibiotic resistance pattern among isolates (inclusive of those belonging to 

t267) from nasal and axillary swabs were penicillin, tetracycline and sulfamethoxazole in 

Kenya. The only S. aureus isolate belonging to spa type t064 (isolated from nasal swab from a 

milker) was resistant to one pattern of four antibiotics including penicillin, sulfamethoxazole, 

tetracycline and trimethoprim (multidrug resistance). A study done in Nigeria on clinical 
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samples from inpatients admitted to two hospitals in South-Western Nigeria reported that 

MSSA strains belonging to t064 showed two antibiotic resistance patterns; penicillin, 

sulfamethoxazole, tetracycline, ciprofloxacin and gentamicin and another pattern with 

penicillin, sulfamethoxazole and tetracycline (Ghebremedhin et al., 2009). S. aureus isolate 

belonging to spa type t3772 (one analysed that was isolated from pooled milk) was resistant to 

four antibiotics including penicillin, sulfamethoxazole, tetracycline and trimethoprim. Another 

study done in Nigeria reported that S. aureus isolates belonging to t3772 (MSSA) from clinical 

and non-clinical sources showed one antibiotic resistance pattern covering penicillin and 

sulfamethoxazole only (Shittu et al., 2011).  

 

Staphylococcus aureus isolates belonging to t355 (12 isolates analysed) showed four antibiotic 

resistance patterns. Three isolates (from hand, bucket swab and unprocessed milk from 

traditional market) were resistant to penicillin, tetracycline and erythromycin and another three 

isolates (from milk and hands) were resistant to penicillin, tetracycline and trimethoprim, while 

four isolates (from hands and milk) were resistant to penicillin and trimethoprim, and one 

isolate (from milk) was resistant to tetracycline only. Shittu et al. (2011) also reported that S. 

aureus isolates belonging to t355 (MSSA) from clinical and non-clinical sources in Nigeria 

showed three antibiotic resistance patterns; penicillin only, penicillin and ciprofloxacin, and 

penicillin, tetracycline and trimethoprim/sulfamethoxazole. This finding could suggest that 

strains belong to t355 circulating in the Zambian dairy value chain may be genetically diverse 

as indicated by antibiotic resistance patterns.  

 

Staphylococcus. aureus isolates belonging to t084 (four isolates analysed) showed three 

antibiotic resistance gene patterns. One isolates (from hand swab) was resistant to penicillin, 

tetracycline and trimethoprim and another isolate (from milk) was resistant to penicillin and 

trimethoprim, while two isolates (from hand swab and milk) were resistant to trimethoprim. A 

study done in Tunisia reported that MSSA isolates belonging to t084 from raw meat from veal 

and sheep were resistant to two patterns; penicillin, tetracycline and tobramycin, and penicillin 

only (Chairat et al., 2015). In Kenya, a study on 85 inpatients reported that the common 

antibiotic resistance among MSSA isolates (inclusive of those belonging to t267, t002, t015, 

t064, t084, t318, t355, t359 and t3772) from nasal and axillary swabs from Thika level 5 

hospital, was against penicillin, tetracycline and sulfamethoxazole (Laxminarayan and 
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Heymann, 2012). Ghebremedhin et al. (2009) reported detecting MSSA strains belonging to 

t084 with the same antibiotic resistance pattern (penicillin, tetracycline and 

sulfamethoxazole)in isolates from inpatients in Nigeria. Another study done in Tunisia reported 

that all isolates belonging to t084 from bovine milk were susceptible to all antibiotics tested 

(Ben Said et al., 2016).   

 

The current study finding indicates that S. aureus isolates belonging to t359 (3 isolates were 

analysed) showed two antibiotic resistance patterns. One isolate (from bucket swab) was 

resistant to penicillin, tetracycline and streptomycin and another isolate (from milk) was 

resistant to tetracycline only, while one isolate (from milk) was susceptible (sensitive). A study 

in Nigeria on clinical samples reported detecting MSSA strains belonging to t359 with only 

one antibiotic resistance pattern (penicillin, sulfamethoxazole and tetracycline) (Ghebremedhin 

et al., 2009). Ben Said et al. (2016) also reported that all isolates belonging to t359 from bovine 

milk were susceptible to all antibiotics tested. These findings show that there are different S. 

aureus strains of t359 with different antibiotic resistance and susceptibility profiles circulation 

in the Zambian dairy value chain as well as in other African countries. The current findings 

also show that S. aureus isolates belonging to t189 (5 isolates analysed) showed two antibiotic 

resistance patterns. Two isolates (from hands and bucket swab) were resistant to erythromycin, 

tetracycline and streptomycin and another isolate (from mastitis milk) was resistant to 

tetracycline only, while two isolates (from milk) were susceptible (sensitive) to all antibiotics 

tested. Chairat et al. (2015) also reported that MSSA isolates belonging to t189 from sheep raw 

meat showed two antibiotic resistant patterns; penicillin and tetracycline, and penicillin only. 

Further, penicillin resistance in isolates belonging to t189 was not observed in the current study.  

 

The study findings also indicated that one isolate from milk belonging to t458 (one isolate 

analysed) was resistant to penicillin, chloramphenicol and tetracycline.  A study in Nigeria 

reported that S. aureus isolates belonging to t458 (MSSA) from clinical and non-clinical 

sources were resistant to penicillin and tetracycline (Shittu et al., 2011). In addition, Ben Said 

et al. (2016) reported that all isolates belonging to t2883 from bovine milk were resistant to 

penicillin. However, one S. aureus isolate (from milk) belonging to t2883 in the current study, 

was resistant to tetracycline; the other two isolates (one from hand swab of a milker and milk 

bucket swab) were susceptible to all antibiotics tested. This finding including the outcome of 
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the survey suggest that penicillin and tetracycline are the most commonly used antibiotics on 

dairy cattle than any other drugs (Mainda et al., 2015). This practice could be due to the fact 

that penicillin and tetracycline are readily available and easily accessible for everyone. 

Regulation of sale of veterinary antimicrobials in Sub-Saharan countries such as Zambia is still 

a challenge as drugs are usually sold in shops and markets without prescriptions (Okeke et al., 

2005; Mainda et al., 2015).  

 

The prevalence of antimicrobial resistance among isolates from the Zambian dairy value chain 

could be an indicator of the misuse, abuse and/or prolonged (continuous) use of same 

antibiotics in cows with infections such as mastitis as indicated in the responses from farmers 

in the current study. However, reservoirs for antimicrobial resistance could also be present in 

healthy human or animal populations (Okeke et al., 2005). Other studies conducted have 

reported that prolonged usage and misuse of antimicrobials in livestock farming and in 

treatment of human diseases have resulted in a rapid resistance of many bacteria to several 

antibiotics of different classes (Valsangiacomo et al., 2000; Kitai et al., 2005; Umaru et al., 

2017; Pekana et al., 2018). In addition, the consumption of raw milk and milk products without 

observing withdrawal periods for antibiotics as indicated by the responses from participants 

(interviewed farmers) in the current study may expose consumers to low doses continuously. 

This practice could result into resistant strains of bacteria such as S. aureus in all settings to 

survive and persist. Further, resistant strains exert pressure on the veterinary and health 

professionals including dairy cattle farmers because of the negative impact of these pathogens 

on the antibiotic treatment success (Abera et al., 2010; Massawe et al., 2019) and they could 

also have an impact on the cost of inputs. 

 

Antibiotic resistance remains a growing concern for the developing countries (Laxminarayan 

and Heymann, 2012). However, the ability of these S. aureus strains harbouring antimicrobial 

resistance genes to express phenotypic resistance to antimicrobials as seen in the current study, 

is a public health concern. In addition, S. aureus can also acquire the staphylococcal cassette 

chromosome mec which can give rise to MRSA strains (Pantosti, 2012; Ben Said et al., 2016). 

The evidence of LA-MRSA strains colonising and infecting animals and humans in close 

contact with farm animals remains a concern; however, MRSA were not identified in the 

current study. In general, antibiotic susceptibility testing remains an important test to prevent 
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treatment failures both in veterinary medicine and human health. Further, enforcements of 

regulations and monitoring coupled with public education on the use, sale and dangers of 

antibiotics is required in Zambia. Therefore, the current study findings show diversity of 

antibiotic resistance among isolates circulating in the Zambian dairy value chain and in other 

African countries. 

 

5.3.7 Presence of toxic-shock syndrome toxin (tst1) gene in the isolates from the three 

study provinces 

The study findings show that nine S. aureus isolates out of 77 isolates analysed in detail harbour 

a tst1 gene. The gene tst1 encodes toxic-shock-syndrome-toxin (TSST-1) which is an exotoxin 

belonging to superantigens family (Dinges et al., 2000). The mechanism of action of these 

superantigens involves the ability to induce a non-specific stimulation of T lymphocyte 

proliferation and cytokine secretion, leading to clinical signs such as fever, hypotension and 

shock (Plata et al., 2009; Argudin et al., 2010; Schmidt et al., 2017). The tst1-positive isolates 

belong to the spa types t015 (isolate from nasal swab), t355 (three of 12 isolates, derived from 

raw pooled milk, milk bucket swab, milker nasal swabs), t359 (one of three isolates, derived 

from raw pooled milk and found to contain a bovine variant of tst1), t2677 (isolate from pooled 

raw milk) and unidentified/unknown spa type(s) (three isolates from raw pooled milk). A study 

in Mozambique at Mahanica district hospital on admitted children less than 15 years old 

reported isolates belonging to t015 from blood harbouring tst1 (Vubil et al., 2017).  

 

Other studies, in five towns of Africa reported detection of some isolates belonging to t355 

among HA-MRSA and CA-MSSA strains from patients in the hospitals and carriers in 

communities not harbouring any tst1 gene (Breurec et al., 2011). In the current study, all the 

PVL-positive isolates belonging to t355 harboured tst1. Ghebremedhin et al. (2009) reported 

detecting MSSA strains belonging to t359 harbouring tst1 gene in clinical samples from 

inpatients in Nigeria. Ben Said et al.(2016) reported detecting isolates belonging to t359 from 

bovine raw milk form bulk tanks and individual cows, which did not harbour any tst1 gene. 

The current study shows genetic variation regarding virulence genes including tst1 among 

isolates belonging to different spa types and also the same spa type, identified in Zambia. This 

confirms the diversity in virulence among the S. aureus circulating the Zambian dairy value 

chain. 
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5.3.8 Potential transmission of S. aureus in the three provinces  

Good management practices are vital in the production of good quality and safe milk on farms 

and the entire dairy value chain. In the current study, some interviewed dairy farmers mainly 

in Southern province kept pigs (21.9 percent) and dogs (44 percent) on their farms (Table 11) 

and this could be a potential risk regarding S. aureus contamination of raw milk. For example, 

pigs have been implicated as one of the reservoirs of S. aureus (Hasman et al., 2010; Velasco 

et al., 2018). Further, animal carriers could pose a potential zoonotic risk to farm workers who 

also could be the milkers of dairy cows. Research studies in the Netherlands in 2005 reported 

transmission of LA-MRSA between pigs and pig farmers and their families (Voss et al., 2005). 

S. aureus of ST398/CC398 have been identified as the main colonizer of pigs, cattle, horses 

and poultry, including humans in contact with animals (Witte et al., 2007; Golding et al., 2010; 

Mediavilla et al., 2012; Cuny et al., 2013; Gomez-Sanz et al., 2014; Gomez et al., 2016). Most 

human colonisation with S. aureus ST398 has been known to be associated with exposure to 

pigs (Armand-Lefevre et al., 2005; Voss et al., 2005; Witte et al., 2007; Khanna et al., 2008). 

Thus, farm animals such as pigs and dogs can be a source of S. aureus to colonize cows or farm 

workers who then might contaminate milk or cows. Further, a study done in Zambia at a 

Veterinary hospital found S. aureus in dogs (Youn et al., 2014). Dogs in the farm environment 

could be another potential source of S. aureus to humans. 

 

A total of 16 S. aureus isolates (5.4 percent, 16/295) from raw pooled milk at farm level in the 

three provinces carried genes for PVL with Southern province having the highest number. 

Moreover, five PVL-positive S. aureus isolates were recovered from milk buckets swabs from 

Lusaka and Southern province and one from raw milk from a traditional market in Southern 

province. PVL has been detected mainly in S. aureus isolates of human origin (Dinges et al., 

2000; Zecconi et al., 2006; Vrieling et al., 2016; Mekonnen et al., 2018). The current finding 

of PVL in S. aureus isolates from raw milk may suggest the possible transmission PVL-positive 

strains of S. aureus from human to milk/cow. A study done in South Africa reported 

transmission of a human associated isolate belonging to sequence type, ST8 from human to a 

dairy cow, which subsequently caused mastitis and it was speculated that the close contact 

between dairy cows and humans could have enabled such transmission (Schmidt et al., 2017).   
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A study done on the sanctuary chimpanzees from Zambia, Namibia and Uganda including 

veterinarians from African countries working in great ape sanctuaries reported that PVL-

positive strains were more frequent in isolates from Chimpanzees (28 percent) than from 

humans (10 percent) (Schaumburg et al., 2012b). The high proportion of PVL in isolates from 

chimpanzees supports the theory of human to animal transmission of human-adapted S. aureus 

in sub-Saharan Africa (Breurec et al., 2011; Schaumburg et al., 2012b). Similarly, the current 

study suggests a possible transmission of S. aureus strains from humans to cows and even 

contaminate milk. However, the pathogenic potential of PVL-positive S. aureus strains in 

animals is so far not well understood. In humans, PVL has been known to be associated with 

severe skin and soft tissue infections and necrotizing disease including pneumonia (Lina et al., 

1999; Schaumburg et al., 2012b). The outcome of Core genome Multi Loci Sequence Typing 

(cgMLST) analysis in the current study indicated that isolates from a hand swab of a milker 

(M42) was genetically very closely related to isolate from pooled raw milk (M14) from the 

same farm obtained during the first sampling visit. Contaminated hands of a milker could be 

acting as vehicles for S. aureus transmission and spread to cow/milk at farm level. Thus, good 

hygiene and milk handling practices are important in reducing the possible risk of S. aureus to 

reduce potential health threats to farmers/milkers, consumers, and animals (Phiri et al., 2021).  

 

The current study findings also show that the isolates of the same spa type isolated from 

different matrices at the same facilities were closely related. For example, isolates belonging 

to spa type t355 from S. aureus found in a human (milker) nasal and milk bucket swabs at the 

same farm during the first sampling visit to Lusaka province were genetically closely related. 

This could strongly suggest that a milker is responsible for transmission of S. aureus to 

cow/milk. S. aureus strains belonging to sequence type ST1, ST5, ST6, ST8, ST15, ST101, 

ST121, ST152, ST188, ST567 and ST1472 have been detected in humans, domestic animals 

and, or in wild life (Schaumburg et al., 2015b). However, Schaumburg et al assessed the 

possibility of transmission between humans and animals and reported that transmission of S. 

aureus was more frequent between humans and wildlife (Schaumburg et al., 2015b). This study 

suggested the possible transmission of S. aureus between human and animals.  
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5.3.9 Potential persistence of S. aureus in the Zambian dairy chain  

In general, a persistence of pathogenic bacteria such as S. aureus in facilities, animals, and 

workers is possible. The current study results partly point to a potential persistence (at least 

over few months) of S. aureus on the farms. Single isolates of the same spa type had been 

identified at two sampling times on the same farm (Appendix G). These spa types cover t189, 

t237, t267, t355 and t521. An under-coverage is possible, as in principle, several S. aureus 

strains can occur in one sample. However, in the current study only one presumptive S. aureus 

isolate was further investigated per sample. Furthermore, in the second sampling period, only 

raw milk (but not milk buckets, milkers hand and nasal swabs or water were collected) were 

analysed at farm level.  

 

 

In this study, selected isolates were further examined by means of NGS and cgMLST. This 

was done to ascertain the phylogenetic analysis for two isolates (both belonging to spa type 

t355) that were generated from a milk bucket swab and a pooled raw milk sample taken at 

different times on the same farm showed a clear similarity. Other studies have detected isolates 

belonging to t355 in humans and in domestic animals in Côte d’lvoire (Schaumburg et al., 

2015b). The current finding indicates that strains belonging to t355 could be maintained by 

cows and/or humans within farm environment. Further, this finding could suggest the 

possibility of persistence within the farms or facilities. In addition, the current finding also 

suggests that some milkers and cows could be potential carriers of S. aureus belonging to t355 

during the period they are colonized and may remain potential sources of S. aureus strains to 

contaminate milk. Therefore, since isolates belonging to t355 were also detected on different 

farms or facilities within the three provinces, this could suggest possible transmission of S. 

aureus strains between farms/facilities as well within or across the provinces due to movement 

of cows through purchases or gifts from other farms/farmers. Mekonnen el al. (2018) described 

that because the isolates belonging to t355 were found at different farms, there is possibility 

that contagious transmission would occur not only within, but also between different farms 

through cattle movement, or from government breeding and heifer distribution centres in 

Ethiopia (Mekonnen et al., 2018). 
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A potential persistence of isolates might be also indicated in the current study for other spa 

types. For examples, isolates belonging to t189 were found in samples of raw milk and/or 

bucket swabs taken at seven farms in Lusaka province during both sampling visits (Appendix 

G). Further, S. aureus isolates belonging to t267 were also detected at two farms in Lusaka 

province during both first and second sampling visits in pooled raw milk and milk buckets 

swabs. S. aureus of t267 has been implicated in causing clinical mastitis in cows (Mistry et al., 

2016). In addition, the current study findings indicate that isolates belonging to t521 were 

detected in samples of pooled raw milk at five farms in Southern province during both first and 

second sampling visits. Moreover, this spa type was also identified among isolates from a 

milker’s hand swab and a raw pooled milk sample during first and second sampling at one farm 

in the Lusaka province (Appendix G). Therefore, infected cows (clinical and subclinical 

mastitis) could remain the sources of S. aureus to contaminate milk hence persistence at farm 

level.  

 

In general, it appears to be possible that S. aureus is maintained (at least for few months) in 

farm environments. Potential reservoirs of S. aureus might be particularly infected individual 

cows with intramammary infections and/or humans.  
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CHAPTER SIX 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The aim of this study was to determine milk hygiene practices among stakeholders along the 

dairy value chain in Lusaka, Western and Southern provinces of Zambia and to study the 

characteristics of S. aureus isolates regarding enterotoxins, virulence, antimicrobial resistance. 

The finding of this study gave rise to the following conclusions and recommendations.  

 

6.1  Conclusions 

1. There was generally poor milk hygiene practices among stakeholders especially in Western 

and Southern provinces. 

2. There was a wide contamination of raw milk with S. aureus in all the three study provinces.  

3. S. aureus was less frequently detected in swabs from milk buckets, milkers hands and nose 

in all the three provinces.  

4. Traditionally processed sour milk was also contaminated with S. aureus.  

5. Further, commercially processed milk and milk products at retail level were also not 

contaminated probably indicating the efficacy of industrial processing (heat treatment) in 

reducing S. aureus.  

6. Cows, milk, contact materials and milkers could be some of the vehicles for transmission, 

maintenance and spreading S. aureus along the Zambian dairy value chain.  

7. Characterisation of S. aureus revealed diversity of spa types and gene patterns regarding 

enterotoxins, virulence and antibiotic resistance among S. aureus isolates detected in Lusaka, 

Western and Southern provinces.  

8. Enterotoxigenic, virulent and/or antibiotic resistant strains of S. aureus including strains 

belonging to novel spa types are circulating in the Zambian dairy value chain.  

9. MRSA strains were not found in the three Zambian provinces.  

10. The presence of different virulence factors associated with human disease in the MSSA 

strains from the Zambian dairy value chain emphasises the role of these strains as a potential 

threat to public health.  

11. Possible transmission of S. aureus between humans and cows in the study provinces is 

indicated. However, the direction of transmission is not known. 
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12. MSSA strains belonging to the pandemic sequence type ST30 and ST121 circulating in the 

Zambian dairy value chain could serve as reservoirs for potential PVL-positive MRSA strains.  

13. Furthermore, farms, milk collection centres, traders, traditional markets and consumers 

have been identified as targets for interventions to reduce contamination of milk with S. aureus 

and to lower potential health threats to humans.  

 

6.2 Recommendations  

Poor milk handling hygiene among stakeholders, contamination of milk with virulent, 

enterotoxigenic and antibiotic resistant strains of S. aureus circulating in the dairy value chain 

in Lusaka, Western and Southern provinces of Zambia signify that raw milk is not very safe to 

consume unless it is boiled or pasteurised to kill pathogens and reduce potential health risks. 

In this case, however, subsequent contaminations with pathogenic microorganisms such as 

S. aureus must be prevented. It is therefore, recommended that:  

 

6.2.1 All stakeholders in the dairy value chain 

Conducting training of all stakeholders in general hygiene, hygienic milk handling and food 

safety, including awareness on heat-stable enterotoxins. 

 

6.2.1.1 Farm level 

1. Conducting training of farmers and milkers in personal, milk vessels, milking materials and 

cow’s udder/teat hygiene (theory and practical demonstrations). Further, conduct training of 

farmers and milkers in milk handling hygiene and food safety. 

2. Advising dairy cattle farmers on the prudent use of antibiotics when treating diseased 

animals to reduce antibiotic resistance in pathogens with special advice to seek guidance and 

advice from qualified veterinary staff.  

3. Encouraging dairy cattle farmers to keep milk in cold chains to prevent rapid growth and 

multiplication of bacteria such as S. aureus to reduce the possibility of SE production. 

4. Encouraging farmers/milkers to seek advice from qualified veterinarians whenever they have 

animal health problems to avoid self-medication of cows with antimicrobials to prevent 

potential antimicrobial resistance development in microorganisms. 

5. Encouraging farmers/milkers to use recommended milk vessels/containers, preferably 

aluminium metal cans. 
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6.  Advising dairy cattle farmers/milkers to use properly cleaned milk vessels/containers and 

to wash their hands properly with soap and water when handling milk preferably using warm 

water. 

 

6.2.1.2 MCC level 

1. Providing additional information to active MCCs handling huge volumes of milk like in 

Lusaka and Southern provinces on the need to invest in additional bulk tanks with cooling 

facilities to minimise keeping milk at room temperature when current tanks are full. 

 

6.2.1.3 Traditional market level 

1.  Promoting good personal hygiene among milk sellers. 

 

6.2.1.4 Milk trader level 

1. Promoting good personal hygiene among milk traders. 

2. Encouraging milk traders to sell milk immediately it is produced to consumers to avoid long 

periods without refrigeration. 

3. Providing advice to milk traders on the need to use proper recommended containers for milk 

transportation and storage. 

 

6.2.1.5 Milk consumers 

1. Educating the public on hygienic milk handling practices and the need to boil milk 

immediately it is produced or as soon as it is purchased and promote storage of milk in 

refrigerators to reduce the multiplication of bacteria such as S. aureus and possible production 

of SEs. SEs are heat-stable and cannot be denatured with boiling and preventing their 

production is the best option. Various messages will be required targeting the milk consumers. 

Different media platforms could be used to reach out to the general public including meetings, 

workshops/seminars, drama, posters/cartoons, radio and electronic media. 

2.  Discouraging milk consumers to consume raw cow’s milk. 

3.  Advising milk consumers to wash hands when handling milk and milk products 
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6.2.2 Government level 

Harmonisation of the roles of the Ministry of Fisheries and Livestock with that of the Ministry 

of Health to ensure coordination in implementation of milk hygiene and safety activities. 

 

6.2.2.1 Ministry of Health 

1. Conducting regular medical examination of all milkers, processors and traders including 

milk handlers. The examination should also include S. aureus as one of the target bacteria, 

especially on food handler’s hands and in the nostrils to check colonisation. Colonised people 

could be a potential source of S. aureus to contaminate food and they should not be allowed to 

handle milk. In addition, the Ministry of Health in their public health education campaigns 

should include messages to milk consumers on the need to boil milk immediately to kill 

pathogens in the milk and prevent production of enterotoxins by microorganisms such as S. 

aureus. In the Ministry of Health food safety awareness messages, statements such as “Raw 

milk, boil it and if you can’t, don’t drink it” could be included.  

2. Conducting regular inspections of MCCs, processing plants, traditional markets and 

supermarket and shops handling milk to monitor compliance on maintaining good hygienic 

practices to ensure milk safety to consumers. 

 

6.2.2.2 Ministry of Fisheries and Livestock 

1. Developing milking standards and code of hygiene practices for use at farm level. Further, 

the Ministry will need to have inspectors who will be looking at hygienic milk production and 

handling at farm level. 

2. Conducting inspections on farms as part of official controls to check compliance on hygienic 

milk production. 

3. Conducting regular monitoring and surveillance on S. aureus/MRSA and mastitis in dairy 

farms 

4. Provide extension services on best practices of milk production, udder hygiene, milk safety 

and, prevention and control of mastitis in dairy cows. 
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6.2.3 Future research  

1. Study the prevalence of enterotoxigenic and antimicrobial resistant S. aureus and possible 

MRSA occurrences at all levels in the Zambian dairy value chain including on commercial 

farms. 

2. Study the role of livestock and other domestic animals and wild animals as potential 

reservoirs of virulent, enterotoxigenic and antibiotic resistant S. aureus/MRSA strains in 

Zambia. 

3. Study the toxin-producing potential of S. aureus strains from Zambia dairy value chain. 

4. Research and development of cost-efficient and reliable cooling systems including solar-

powered cooling systems for small scale dairy farmers in Zambia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 

 

REFERENCES 

 

Aalipour, F., Mirlohi, M., Jalali, M. 2013. “Prevalence of antibiotic residues in commercial   

milk and its variation by season and thermal processing methods.” International 

Journal of Environmental Health Engineering., 2 (1), 41. 

Abdulgader, S. M., Shittu, A. O., Nicol, M. P., Kaba, M. 2015. "Molecular epidemiology of 

methicillin-resistant Staphylococcus aureus in Africa: a systematic review." Frontiers 

in Microbiology., 6, 348. 

Abera, M., Demiel, B., Aragaw, K., Regassa, F., Regassa, A. 2010. “Isolation and     

identification of Staphylococcus aureus from bovine mastitis milk and their drug 

resistance pattern in Adama town.” Ethiopia. Journal of Veterinary Medicine and 

Animal Health, 3, 29-34. 

Abrha, A., Abdissa, A., Beyene, G., Getahun, G., Girma, T. 2011. "Bacteraemia among 

severely malnourished children in Jimma university hospital, Ethiopia." Ethiopian 

Journal of Health Sciences., 21, 175-82. 

Abunna, F., Tasew, N., Ragassa, F., Ayana, D., Amenu, K. 2019. “Handling practices, quality 

and safety of milk along the dairy value chains in selected sub cities of Addis Ababa, 

Ethiopia.” Biomedical Journal of Scientific and Technological Research., 13, 1–14. 

ACF. Agricultural Consultative Forum. 2012. Performance and competitiveness of the dairy 

value chain in Zambia, 1 (2). 

Addis, M., Pal, M., Kyule M. 2011. “Isolation and identification of Staphylococcus aureus 

species from raw bovine milk in Debre zeit.” Ethiopia Veterinary Research, 4, 45–49. 

Adesiyun, A. A., Lenz, W., Schaal, K. P. 1991. "Exfoliative toxin production by 

Staphylococcus aureus strains isolated from animals and human beings in Nigeria." 

Microbiological., 1, 357-62. 

Adugna, M., Asresie, A. 2015. “A review on microbiological quality of Ethiopian raw bovine 

milk.” Food Science Quality Management., 35, 17–24. 

Ahmed, M., Mirambo, M. M., Mushi, M. F., Hokororo, A., Mshana, S. E. 2017. "Bacteraemia 

caused by multidrug-resistant bacteria among hospitalized malnourished children in 

Mwanza, Tanzania: a cross sectional study." BMC Research Notes., 10, 62. 



76 

 

Akkaya, L., Gök V., Kara, R., Yaman, H. 2014. “Enterotoxin production by Staphylococcus 

aureus (A, B, C, D) during the ripening of sucuk (Turkish dry-fermented sausage), 

CyTA.” Journal of Food., 12 (2), 127-133. 

Al Suwaidi, A. H. E., Hussein H., Al Faisal W., El Sawaf, E., Wasfy A. 2015. “Hygiene 

practices among food handlers in Dubai.” International Journal of Preventive 

Medicine Research., 1, 101–108. 

Allard, C., Carignan, A., Bergevin, M., Boulais, I., Tremblay, V., Robichaud, P., Duperval, R., 

Pepin, J. 2008. "Secular changes in incidence and mortality associated with 

Staphylococcus aureus bacteraemia in Quebec, Canada, 1991-2005." Clinical 

Microbiology Infections., 14, 421-8. 

Allen, H. K., Donato, J., Wang, H. H., Cloud-Hansen, K. A., Davies, J., Handelsman, J. 2010. 

"Call of the wild: antibiotic resistance genes in natural environments." Nature 

Reviews Microbiology., 8, 251-9. 

Almaz, G., Howard A. F., Wilhelm, H. H. 2001. “Field survey and literature review on 

traditional fermented milk products of Ethiopia.” International Journal of Food 

Microbiology., 68, 173–186. 

Alonzo, F., Torres, V. J. 2014. “The bicomponent pore-forming leucocidins of Staphylococcus 

aureus.” Microbiology and Molecular Biology Reviews., 78, 199–230.  

Amentie, T., Eshetu, M., Mekasha, Y., Kabebe A. 2016. "Milk postharvest handling practices 

across the supply chain in Eastern Ethiopia.” Journal of Advanced Veterinary Animal 

Research., 3, 112–126. 

Angulo, F. J., LeJeune, J. T., Rajala-Schultz, P. J. 2009. “Unpasteurized milk: A continued 

public health threat”. Clinical Infectious Diseases., 48 (1), 93–100. 

Anifantakis, E. M. 1982. "Excretion rates of antibiotics in milk of sheep and their effect on 

yogurt production." Journal of Dairy Science., 65, 426-429. 

Argudin, M. A., Mendoza, M. C., Rodicio, M. R. 2010. "Food poisoning and Staphylococcus 

aureus enterotoxins." Toxins (Basel)., 2, 1751-1773. 

Ariyarathne, M., Gunasekara, T., Weerasekara, M., Kottahachchi, J., Kudavidanage, B., 

Fernando, S. 2013. Knowledge, attitudes and practices of hand hygiene among final 

year medical and nursing students at the University of Sri Jayewardenepura. Sri 

Lankan Journal of Infectious Diseases., 3(1): 15-25. 



77 

 

Armand-Lefevre, L., Ruimy, R., Andremont, A. 2005. "Clonal comparison of Staphylococcus 

aureus isolates from healthy pig farmers, human controls, and pigs." Emerging 

Infectious Diseases., 11, 711-714. 

Asadollahi, P., Farahani, N. N., Mirzaii, M., Khoramrooz, S. S., Van Belkum, A., Asadollahi, 

K., Dadashi, M., Darban-Sarokhalil, D. 2018. "Distribution of the most prevalent spa 

types among clinical isolates of methicillin-resistant and -susceptible Staphylococcus 

aureus around the World: A review." Frontiers in Microbiology., 9, 163. 

Asao, T., Kumeda, Y., Kawai, T., Shibata, T., Oda, H., Haruki, K., Nakazawa, H., Kozaki, S. 

2003. "An extensive outbreak of staphylococcal food poisoning due to low-fat milk 

in Japan: estimation of enterotoxin A in the incriminated milk and powdered skim 

milk." Epidemiology and Infection., 130, 33-40. 

Asiimwe, B. B., Baldan, R., Trovato, A., Cirillo, D. M. 2017a. "Molecular epidemiology of 

Panton-Valentine Leucocidin-positive community-acquired methicillin resistant 

Staphylococcus aureus isolates in pastoral communities of rural south western 

Uganda." BMC Infectious Diseases., 17, 24. 

Asiimwe, B. B., Baldan, R., Trovato, A., Cirillo, D. M. 2017b. "Prevalence and molecular 

characteristics of Staphylococcus aureus, including methicillin resistant strains, 

isolated from bulk can milk and raw milk products in pastoral communities of South-

West Uganda." BMC Infectious Diseases., 17, 422. 

Aung, M. S., San, T., Aye, M. M., Mya, S., Maw, W. W., Zan, K. N., Htut, W. H. W., 

Kawaguchiya, M., Urushibara, N., Kobayashi, N. 2017. "Prevalence and genetic 

characteristics of Staphylococcus aureus and Staphylococcus argenteus isolates 

harbouring Panton-Valentine Leucocidin, Enterotoxins, and TSST-1 genes from food 

handlers in Myanmar." Toxins (Basel)., 9 (8), 241. 

Auta, A., Banwat, S., Dayom, D., Shalkur, D., Avu, M. 2012. “Occurrence and treatment of 

common health problems in a Nigerian community.” Journal of Young Pharmacists., 

4, 49–53. 

Ayele, Y., Gutema F. D., Edao, B. M., Girma, R., Tufa, T. B., Beyene, T. J, Tadesse, F., Geloye, 

M., Beyi, A. F. 2017. “Assessment of Staphylococcus aureus along milk value chain 

and its public health importance in Sebeta, central Oramia, Ethiopia.” BMC 

Microbiology., 17, 141. 



78 

 

Ayeni, F. A., Ruppitsch, W., Allerberger, F. 2018. "Molecular characterization of clonal 

lineage and staphylococcal toxin genes from S. aureus in Southern Nigeria." Peer 

Journal., 6, e5204. 

Baba, T., Bae, T., Schneewind, O., Takeuchi, F., Hiramatsu, K. 2008. "Genome sequence of 

Staphylococcus aureus strain Newman and comparative analysis of staphylococcal 

genomes: polymorphism and evolution of two major pathogenicity islands." Journal 

of Bacteriology., 190, 300-310. 

Bachou, H., Tylleskar, T., Kaddu-Mulindwa, D. H., Tumwine, J. K. 2006. "Bacteraemia among 

severely malnourished children infected and uninfected with the human 

immunodeficiency virus-1 in Kampala, Uganda." BMC Infectious Diseases., 6, 160. 

Baddiley, J. 1989. "Bacterial cell walls and membranes. Discovery of the teichoic acids." 

Bioessays., 10, 207-210. 

Balaban, N., Rasooly, A. 2000. "Staphylococcal enterotoxins" International Journal of Food 

Microbiology., 61, 1-10. 

Bania, J., Dabrowska, A., Bystron, J., Korzekwa, K., Chrzanowska, J., Molenda, J. 2006. 

"Distribution of newly described enterotoxin-like genes in Staphylococcus aureus 

from food." International Journal of Food Microbiology., 108, 36-41.  

Bennish, M. L., Salem, M. A. 1992. Rethinking options for treatment of shigellosis. Journal of 

Antimicrobial Chemotherapy., 30, 243-247. 

Bar, D., Tauer, L. W., Bennett, G., Gonzalez, R. N., Hertl, J. A., Schukken, Y. H., Schulte, H. 

F., Welcome, F. L., Grohn, Y. T. 2008. "The cost of generic clinical mastitis in dairy 

cows as estimated by using dynamic programming." Journal of Dairy Science., 91, 

2205-2214. 

Barber, M. and Rozwadowska-Dowzenko, M. 1948. "Infection by penicillin-resistant 

staphylococci." Lancet., 2, 641-644. 

Barkema, H. W., Schukken, Y. H., Zadoks, R. N. 2006. "Invited Review: The role of cow, 

pathogen, and treatment regimen in the therapeutic success of bovine Staphylococcus 

aureus mastitis." Journal of Dairy Science., 89, 1877-1895. 

Barkema, H. W., Green, M. J., Bradley, A. J., Zadoks, R. N. 2009. Invited review: The role of 

contagious disease in udder health. Journal of Dairy Science., 92(10), 4717–4729.  



79 

 

Bartlett, J. E., Kotrlik, J. W., Higgins, C. C. 2001. “Organizational research: determining 

appropriate sample size in survey research.” Information Technology, Learning and 

Performance Journal., 19 (1), 43-50. 

Battisti, A., Franco, A., Merialdi, G., Hasman, H., Iurescia, M., Lorenzetti, R., Feltrin, F., Zini, 

M., Aarestrup, F. M. 2010. "Heterogeneity among methicillin-resistant 

Staphylococcus aureus from Italian pig finishing holdings." Veterinary 

Microbiology., 142, 361-366. 

Baum, C., Haslinger-Loffler, B., Westh, H., Boye, K., Peters, G., Neumann, C., Kahl, B. C. 

2009. "Non-spa-typeable clinical Staphylococcus aureus strains are naturally 

occurring protein A, mutants." Journal of Clinical Microbiology., 47, 3624-3629. 

Bautista, L., Gaya, P., Medina, M., Nunez, M. 1988. "A quantitative study of enterotoxin 

production by sheep milk staphylococci." Appl Environ Microbiol., 54, 566-569. 

Becker, K., Friedrich, A. W., Lubritz, G., Weilert, M., Peters, G., Von Eiff, C. 2003. 

"Prevalence of genes encoding pyrogenic toxin superantigens and exfoliative toxins 

among strains of Staphylococcus aureus isolated from blood and nasal specimens." J 

Clinical Microbiology., 41, 1434-1439. 

Becker, K., Heilmann, C., Peters, G. 2014. "Coagulase-negative staphylococci." Clin 

Microbiology Reviews., 27, 870-926. 

Becker, K., Keller, B., Von Eiff, C., Bruck, M., Lubritz, G., Etienne, J., Peters, G. 2001. 

"Enterotoxigenic potential of Staphylococcus intermedius." Applied Environmental 

Microbiology., 67, 5551-5557. 

Begun, J., Gaiani, J. M., Rohde, H., Mack, D., Calderwood, S. B., Ausubel, F. M., Sifri, C. D. 

2007. "Staphylococcal biofilm exopolysaccharide protects against Caenorhabditis 

elegans immune defences." PLoS Pathogens., 3, e57. 

Belli, P., Cantafora, A.F.A., Stella, S., Barbieri, S., Crimella, C. 2013. Microbiological survey 

of milk and dairy products from a small scale dairy processing unit in Maroua 

(Cameroon). Food Control., 32, 366–370 

Ben Said, M., Abbassi, M. S., Bianchini, V., Sghaier, S., Cremonesi, P., Romano, A., Gualdi, 

V., Hassen, A., Luini, M. V. 2016. "Genetic characterization and antimicrobial 

resistance of Staphylococcus aureus isolated from bovine milk in Tunisia." Letters in 

Applied Microbiology., 63, 473-481. 



80 

 

Ben Slama, K., Gharsa, H., Klibi, N., Jouini, A., Lozano, C., Gomez-Sanz, E., Zarazaga, M., 

Boudabous, A., Torres, C. 2011. "Nasal carriage of Staphylococcus aureus in healthy 

humans with different levels of contact with animals in Tunisia: genetic lineages, 

methicillin resistance, and virulence factors." European Journal of Clinical 

Microbiology and Infectious Diseases., 30, 499-508. 

Bendahou, A, Lebbadi, M., Ennanei, I., Essadqui, F. Z., Abid., M. 2008. “Characterisation of 

Staphylococcus aureus from raw milk and milk products (Iben and jben) in North 

Morrocco.” Journal of Infection in Developing Countries., 2 (3), 218-225. 

Benito, D., Lozano, C., Rezusta, A., Ferrer, I., Vasquez, M. A., Ceballos, S., Zarazaga, M., 

Revillo, M. J., Torres, C. 2014. "Characterization of tetracycline and methicillin 

resistant Staphylococcus aureus strains in a Spanish hospital: is livestock-contact a 

risk factor in infections caused by MRSA CC398." International Journal of Medical 

Microbiology., 304, 1226-1232. 

Bereda, A., Yilma, Z., Nurfeta, A. 2012. “Hygiene and microbial quality of raw whole cow’s 

milk produced in Ezha district of the Gurage zone, Southern Ethiopia.” Wudpecker 

Journal of Agricultural Research., 1, 459–465. 

Bergdoll M.S. 1979. “Staphylococcal intoxications. In: Reimann H., Bryan F.L., editors. 

Foodborne Infections and Intoxications. Academic Press Inc; New York, NY, USA: 

443–494. 

Berkley, J. A., Lowe, B. S., Mwangi, I., Williams, T., Bauni, E., Mwarumba, S., Ngetsa, C., 

Slack, M. P., Njenga, S., Hart, C. A., Maitland, K., English, M., Marsh, K., Scott, J. 

A. 2005. "Bacteraemia among children admitted to a rural hospital in Kenya." N 

England Journal of Medicine., 352, 39-47. 

Betley M. J., Borst D. W., Regassa L.B. 1992. “Staphylococcal enterotoxins, toxic shock 

syndrome toxin and streptococcal pyrogenic exotoxins: a comparative study of their 

molecular biology.” Chem. Immunol., 55, 1–35.  

Bhat, A. M., Soodan, J. S., Singh, R., Dhobi, I. A., Hussain, T., Dar, M. Y., Mir, M. 2017. 

"Incidence of bovine clinical mastitis in Jammu region and antibiogram of isolated 

pathogens." Veterinary World., 10, 984-989. 

Biffa, D., Debela, E., Beyene, F. 2005. “Prevalence and Risk Factors of Mastitis in Lactating 

Dairy Cows in Southern Ethiopia” The International Journal of Applied Research in 

Veterinary Medicine., 3, 189-198. 



81 

 

Blomberg, B., Manji, K. P., Urassa, W. K., Tamim, B. S., Mwakagile, D. S., Jureen, R., 

Msangi, V., Tellevik, M. G., Holberg-Petersen, M., Harthug, S., Maselle, S. Y., 

Langeland, N. 2007. "Antimicrobial resistance predicts death in Tanzanian children 

with bloodstream infections: a prospective cohort study." BMC Infectious Disease., 

7, 43. 

Bonfoh, B., Wasem, A., Traoré, A. N., Fané, A., Pillmann, H. S., Simbé, C. F., Alfaroukh, I. 

O., Nikolet, J., Farah, Z., Zinsstag, J. 2003. “Microbiological quality of cow’s milk 

taken at different intervals from the udder to the selling point in Bamako (Mali).” Food 

Control., 14, 495–500. 

Borst, D. W., Betley, M. J. 1994. "Phage-associated differences in staphylococcal enterotoxin 

A gene (sea) expression correlate with sea allele class." Infection and Immunity., 62, 

113-8. 

Breurec, S., Fall, C., Pouillot, R., Boisier, P., Brisse, S., Diene-Sarr, F., Djibo, S., Etienne, J., 

Fonkoua, M. C., Perrier-Gros-Claude, J. D., Ramarokoto, C. E., Randrianirina, F., 

Thiberge, J. M., Zriouil, S. B., Garin, B., Laurent, F. 2011. "Epidemiology of 

methicillin-susceptible Staphylococcus aureus lineages in five major African towns: 

high prevalence of Panton-Valentine leukocidin genes." Clinical Microbiology and 

Infection., 17, 633-9. 

Bukuku, J. N., Nonga, H. E., Mtambo M. M. A. 2015. “Assessment of raw milk quality and 

stakeholders’ awareness on milk-borne health risks in Arusha City and Meru District.” 

Tanzania. Tropical Animal Health and Production., 47, (5), 927–932.  

Cauvin, A. J., Peters, C., Brennan, F. 2015. Advantages and Limitations of Commonly Used 

Nonhuman Primate Species in Research and Development of Biopharmaceuticals. 

The Nonhuman Primate in Nonclinical Drug Development and Safety Assessment, 

379–395.  

Centers for Disease Control and Prevention. 2013. Antibiotic Resistance Threats in the United 

States. Atlanta: U.S. Department of Health and Human Services. 

https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf. 

Centres for Disease Control and Prevention. 2010. Get smart: Know when antibiotics work. 

Atlanta: U.S. Department of Health and Human Services. 

www.cdc.gov/Features/GetSmart.  Chaibenjawong, P and Foster, S. J. 2011. 



82 

 

"Desiccation tolerance in Staphylococcus aureus." Archives of Microbiology., 193, 

125-135. 

Chairat, S., Gharsa, H., Lozano, C., Gomez-Sanz, E., Gomez, P., Zarazaga, M., Boudabous, 

A., Torres, C., Ben Slama, K. 2015. "Characterization of Staphylococcus aureus from 

Raw Meat Samples in Tunisia: Detection of Clonal Lineage ST398 from the African 

Continent." Foodborne Pathogens and Diseases., 12, 686-92. 

Chattaway, M. A., Aboderin, A. O., Fashae, K., Okoro, C. K., Opintan, J. A., Okeke, I. N. 

2016. "Fluoroquinolone-Resistant Enteric Bacteria in Sub-Saharan Africa: Clones, 

Implications and Research Needs." Frontiers of Microbiology., 7, 558. 

Cheung, A. L., Koomey, J. M., Butler, C. A., Projan, S. J., Fischetti, V. A. 1992. Regulation of 

exoprotein expression in Staphylococcus aureus by a locus (sar) distinct from agr. 

Proc. Natl. Acad. Sci., USA, 89, 6462–6466. 

Chen, S., Zhou, Y., Chen, Y., Gu, J. 2018. “Fastp: an ultra-fast all-in-one FASTQ 

preprocessor.” Bioinformatics., 34, i884-i890. 

Chiang, Y. C., Chang, L. T., Lin, C. W., Yang, C. Y., Tsen, H. Y. 2006. "PCR primers for the 

detection of staphylococcal enterotoxins K, L, and M and survey of staphylococcal 

enterotoxin types in Staphylococcus aureus isolates from food poisoning cases in 

Taiwan." Journal of Food Protection., 69, 1072-9. 

Chiang, Y. C., Liao, W. W., Fan, C. M., Pai, W. Y., Chiou, C. S., Tsen, H. Y. 2008. "PCR 

detection of Staphylococcal enterotoxins (SEs) N, O, P, Q, R, U, and survey of SE 

types in Staphylococcus aureus isolates from food-poisoning cases in Taiwan." 

International Journal Food Microbiology., 121, 66-73. 

Chongtrakool, P., Ito, T., Ma, X. X., Kondo, Y., Trakulsomboon, S., Tiensasitorn, C., 

Jamklang, M., Chavalit, T., Song, J. H., Hiramatsu, K. 2006. "Staphylococcal cassette 

chromosome mec (SCCmec) typing of methicillin-resistant Staphylococcus aureus 

strains isolated in 11 Asian countries: a proposal for a new nomenclature for SCCmec 

elements." Antimicrobial Agents Chemotherapy., 50, 1001-1012. 

Clardy, J., Fischbach, M. A., Currie, C. R. 2009. "The natural history of antibiotics." Current 

Biology., 19, R437-R441. 

Claeys, W. L., Cardoen, S., Daube, G., De Block, J., Dewettinck, K., Dierick, K., De Zutter, 

L., Huyghebaert, A., Imberechts, H., Thiange, P. 2013. Raw or heated cow milk 

consumption: Review of risks and benefits. Food Control., 31, 251–262.  



83 

 

Farrokh, C., Jordan, K., Auvray, F., Glass, K., Oppegaard, H., Raynaud, S., Thevenot, D., 

Condron, R., De Reu, K., Govaris, A. 2013. Review of Shiga-toxin-producing 

Escherichia coli (STEC) and their significance in dairy production. International 

Journal of Food Microbiology., 162, 190–212.  

Cole, A. M., Tahk, S., Oren, A., Yoshioka, D., Kim, Y. H., Park, A., Ganz, T. 2001. 

"Determinants of Staphylococcus aureus nasal carriage." Clinical and Diagnostic 

Laboratory Immunology., 8, 1064-1069. 

Conceicao, T., Coelho, C., Silva, I. S., De Lencastre, H., Aires-De-Sousa, M. 2015. 

"Staphylococcus aureus in former Portuguese colonies from Africa and the Far East: 

missing data to help fill the world map." Clinical Microbiology and Infections., 21, 

842.e1-842.e10. 

Costa, A. R., Batistao, D. W. F., Ribas, R. M., Sousa, A. M., Pereira, O., Botelho, C. 2013. 

“Staphylococcus aureus virulence factors and disease, in microbial pathogens and 

strategies for combating them.” Science, Technology and Education, ed AMendez-

Vilas, Badajos Formatex Research Centre, 702-710. 

Cui H, Zhou H., Lin L. 2016. “The specific antibacterial effects of the Salvia oil nanoliposomes 

against Staphylococcus aureus biofilms on milk containers.” Food Control, 61, 92-98. 

Cunnington, A., Brick, T., Cooper, M., Danin, J., Hunt, D., Jeanes, A., Kearns, A. M., Nolan, 

M., Lyall, H. 2009. "Severe invasive Panton-Valentine Leucocidin-positive 

Staphylococcus aureus infections in children in London, UK," Journal of Infection., 

59, 28-36. 

Cuny, C., Kock, R., Witte, W. 2013. "Livestock associated MRSA (LA-MRSA) and its 

relevance for humans in Germany." International Journal of Medical Microbiology., 

303, 331-337. 

Cuny, C., Layer, F., Strommenger, B., Witte, W. 2011. "Rare occurrence of methicillin-

resistant Staphylococcus aureus CC130 with a novel mecA homologue in humans in 

Germany." PLoS One, 6, e24360. 

Curran, J. P., Al-Salihi, F. L. 1980. "Neonatal staphylococcal scalded skin syndrome: massive 

outbreak due to an unusual phage type." Pediatrics., 66, 285-90. 

Currier, R. W., Widness, J. A. 2018. "A Brief History of Milk Hygiene and Its Impact on Infant 

Mortality from 1875 to 1925 and Implications for Today: A Review." Journal of Food 

Protection., 81, 1713-1722. 



84 

 

Czop, J. K., Bergdoll, M. S. 1974. “Staphylococcal enterotoxin synthesis during the 

exponential, transitional, and stationary growth phases.” Infection and Immunity., 9, 

229–235.  

Dabul, A. N., Camargo, I. L. 2014. "Clonal complexes of Staphylococcus aureus: all mixed 

and together." FEMS Microbiology Letters., 351, 7-8. 

Daka, D, Gsilassie S., Yihdego, D. 2012. “Antibiotic-resistance Staphylococcus aureus 

isolated from cow’s milk in the Hawassa area, South of Ethiopia,” Annals of Clinical 

Microbiology and Antimicrobials., 11 (26), 2-6. 

Darling, A. E., Mau, B and Perna, N. T. 2010. "ProgressiveMauve: multiple genome alignment 

with gene gain, loss and rearrangement." PLoS One, 5, e11147. 

David, M. Z., Daum, R. S. 2010. "Community-associated methicillin-resistant Staphylococcus 

aureus: epidemiology and clinical consequences of an emerging epidemic." Clinical 

Microbiology Reviews., 23, 616-687. 

Day, N. P., Moore, C. E., Enright, M. C., Berendt, A. R., Smith, J. M., Murphy, M. F., Peacock, 

S. J., Spratt, B. G., Feil, E. J. 2001. "A link between virulence and ecological 

abundance in natural populations of Staphylococcus aureus." Science., 292, 114-116. 

de Andrade, G. P., Zelante, F. 1989. “Simultaneous occurrence of enterotoxigenic 

Staphylococcus aureus on the hands and in the mouth and stools of asymptomatic 

carriers.” Revista de Saúde Pública., 23, 277-284. 

De Neeling, A. J., Van Den Broek, M. J., Spalburg, E. C., Van Santen-Verheuvel, M. G., Dam-

Deisz, W. D., Boshuizen, H. C., Van De Giessen, A. W., Van Duijkeren, E., 

Huijsdens, X. W. 2007. "High prevalence of methicillin resistant Staphylococcus 

aureus in pigs." Veterinary Microbiology., 122, 366-372. 

de Oliveira, L. P., de Barros, L. S., Silva, V. C., Cirqueira, M. G. 2011. “Study of 

Staphylococcus aureus in raw and pasteurized milk consumed in the Reconcavo area 

of the state of Bahia, Brazil.” Journal of Food Processing and Technology., 2 (6), 1-

5. 

Debela, G. T. 2015. “Microbiological quality and impact of hygienic practices on raw cow’s 

milk obtained from pastoralists and market: The case of Yabello District, Borana zone, 

Ethiopia.” Global Journal of Food Science and Technology., 3, 153–158. 

Deleo, F. R., Otto, M., Kreiswirth, B. N., Chambers, H. F. 2010. "Community-associated 

meticillin-resistant Staphylococcus aureus." Lancet., 375, 1557-68. 



85 

 

Denayer, S., Delbrassinne, L., Nia, Y., Botteldoorn, N. 2017. "Food-Borne Outbreak 

investigation and molecular typing: High diversity of Staphylococcus aureus strains 

and importance of toxin detection." Toxins (Basel)., 9. 

Derzelle, S., Dilasser, F., Duquenne, M., Deperrois, V. 2009. "Differential temporal expression 

of the staphylococcal enterotoxins genes during cell growth." Food Microbiology., 26, 

896-904. 

Desissa, F., Makita, K., Teklu, A., Grace D. 2012. “Contamination of informally marketed 

bovine milk with Staphylococcus aureus in urban and peri urban areas of Debre Zeit, 

Ethiopia.” Africa Journal of Dairy Farming Milk Production., 1, 8–11. 

Deurenberg, R. H., Stobberingh, E. E. 2008. "The evolution of Staphylococcus aureus." 

Infection, Genetics and Evolution., 8, 747-763. 

Devries, A. S., Lesher, L., Schlievert, P. M., Rogers, T., Villaume, L. G., Danila, R., Lynfield, 

R. 2011. "Staphylococcal toxic shock syndrome 2000-2006: epidemiology, clinical 

features, and molecular characteristics." PLoS One, 6, e22997. 

Devriese, L. A., Hommez, J. 1975. "Epidemiology of methicillin-resistant Staphylococcus 

aureus in dairy herds." Research in Veterinary Science., 19, 23-7. 

Devriese, L. A., Van Damme, L. R., Fameree, L. 1972. "Methicillin (cloxacillin)-resistant 

Staphylococcus aureus strains isolated from bovine mastitis cases." Zentralbl 

Veterinarmed B., 19, 598-605. 

Dhanashekar, R., Akkinepalli, S., Nellutla, A. 2012. "Milk-borne infections. An analysis of 

their potential effect on the milk industry." Germs., 2, 101-109. 

Diep, B. A., Otto, M. 2008. "The role of virulence determinants in community-associated 

MRSA pathogenesis." Trends in Microbiology., 16, 361-369. 

Dinges, M. M., Orwin, P. M., Schlievert, P. M. 2000. "Exotoxins of Staphylococcus aureus." 

Clinical Microbiology Reviews., 13, 16-34. 

Dmitriev, B. A., Toukach, F. V., Holst, O., Rietschel, E. T., Ehlers, S. 2004. "Tertiary structure 

of Staphylococcus aureus cell wall murein." Journal of Bacteriology., 186, 7141-

7148. 

Doyle, M. M., Garcia, S., Bahati, E., Karamuzi, D., Cullor, J. S., Nandi, S. 2015 

“Microbiological analysis of raw milk in Rwanda.” African Journal of Food Science 

and Technology., 6, 141–143. 



86 

 

Donkor, E. S., Jamrozy, D., Mills, R. O., Dankwah, T., Amoo, P. K., Egyir, B., Badoe, E. V., 

Twasam, J., Bentley, S. D. 2018. "A genomic infection control study for 

Staphylococcus aureus in two Ghanaian hospitals." Infection and Drug Resistance., 

11, 1757-1765. 

Donkor, E., Aning, K., Quaye, J. 2007. "Bacterial contaminations of informally marketed raw 

milk in Ghana." Ghana Medical Journal., 41, 58-61. 

Dror, D. K., Allen, L. H. 2014. "Dairy product intake in children and adolescents in developed 

countries: trends, nutritional contribution, and a review of association with health 

outcomes." Nutre Reviews., 72, 68-81. 

Duhem, K., Bendali, F., 2006. Quality requirements for milk production at the farm level. In 

Proceedings of the 24th World Buiatrics Congress (ed. H Navetat and F Schelcher), 

442-452. 

Dufour, S., Dohoo, I. R., Barkema, H. W., Descoteaux, L., Devries, T. J., Reyher, K. K., Roy, 

J. P., Scholl, D. T. 2012. "Manageable risk factors associated with the lactational 

incidence, elimination, and prevalence of Staphylococcus aureus intramammary 

infections in dairy cows." Journal of Dairy Science., 95, 1283-300. 

Dufour, S., Dohoo, I. R., Barkema, H. W., Descôteaux, L., Devries, T. J., Reyher, K. K. 2012. 

“Manageable risk factors associated with the lactational incidence, elimination, and 

prevalence of Staphylococcus aureus intramammary infections in dairy cows.” 

Journal of Dairy Science., 95, 1283–1300 

Efsun, K., Murat B., Gul, K. 2008. “Food safety in the home consumption of meat in Turkey.” 

Food Control., 19, 320–327. 

Egyir, B., Guardabassi, L., Esson, J., Nielsen, S. S., Newman, M. J., Addo, K. K., Larsen, A. 

R. 2014a. "Insights into nasal carriage of Staphylococcus aureus in an urban and a 

rural community in Ghana." PLoS One., 9, e96119. 

Egyir, B., Guardabassi, L., Sorum, M., Nielsen, S. S., Kolekang, A., Frimpong, E., Addo, K. 

K., Newman, M. J., Larsen, A. R. 2014b. "Molecular epidemiology and antimicrobial 

susceptibility of clinical Staphylococcus aureus from healthcare institutions in 

Ghana." PLoS One., 9, e89716. 

Eibach, D., Nagel, M., Hogan, B., Azuure, C., Krumkamp, R., Dekker, D., Gajdiss, M., Brunke, 

M., Sarpong, N., Owusu-Dabo, E., May, J. 2017. "Nasal Carriage of Staphylococcus 

aureus among Children in the Ashanti Region of Ghana." PLoS One., 12, e0170320. 



87 

 

El Atrouni, W. I., Knoll, B. M., Lahr, B. D., Eckel-Passow, J. E., Sia, I. G., Baddour, L. M. 

2009. "Temporal trends in the incidence of Staphylococcus aureus bacteraemia in 

Olmsted County, Minnesota, 1998 to 2005: a population-based study." Clinical 

Infectious Diseases., 49, e130-8. 

Eriksson, L. 2013. Prevalence of subclinical mastitis and udder pathogens in small holder dairy 

farms in Mapepe, Batoka and Choma areas in Zambia. Thesis, Sveriges Lantbruks 

Universitet (SLU), Sweeden, 15-17. 

Ethiopian Standard. 2009. Unprocessed Whole/Raw Cow Milk Specification. 2nd Ed. 

ES3460:2009. 

European Commission. 2004. Corrigendum to Regulation (EC) No 853/2004 of the European 

Parliament and of the Council of 29 April 2004: Laying Down Specific Hygiene Rules 

for the food of Animal Origin; L139. 

Falagas, M. E., Karageorgopoulos, D. E., Leptidis, J., Korbila, I. P. 2013. "MRSA in Africa: 

filling the global map of antimicrobial resistance." PLoS One., 8, e68024. 

Fall, C., Seck, A., Richard, V., Ndour, M., Sembene, M., Laurent, F., Breurec, S. 2012. 

"Epidemiology of Staphylococcus aureus in pigs and farmers in the largest farm in 

Dakar, Senegal." Foodborne Pathogens and Diseases., 9, 962-965. 

Falugi, F., Kim, H. K., Missiakas, D. M., Schneewind, O. 2013. "Role of protein A in the 

evasion of host adaptive immune responses by Staphylococcus aureus." mBio., 4 (5), 

e00575-13. 

Food System Association of Zambia (FASAZ). 2010. Livelihood Zones Analysis: A tool for 

planning agricultural water management investment in Zambia. Report in consultation 

with FAO.  

Food Agriculture Organisation. 2014. Impact of mastitis in small scale dairy production 

systems. Animal Production and Health Working Paper 13, Rome. [Available online 

at www.fao.org/3/a-i3377e]. 

Food Agriculture Organisation. 2010 Status of and prospects for smallholder milk production: 

A global perspective, edited by Hemme T and Otte T.  

http://www.fao.org/docrep/012/i1522e/i1522e0. 

 Food Agriculture Organisation. 2011. World Livestock. Livestock in Food Security, Rome, 

Italy. 



88 

 

Food and Drug Administration (FDA). 2000. Task Force on Antimicrobial Resistance: Key 

Recommendations and Report. Washington, DC. 

http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM143458.pdf 

(accessed April 18, 2015). 

Feil, E. J., Cooper, J. E., Grundmann, H., Robinson, D. A., Enright, M. C., Berendt, T., 

Peacock, S. J., Smith, J. M., Murphy, M., Spratt, B. G., Moore, C. E., Day, N. P. 2003. 

"How clonal is Staphylococcus aureus?" Journal of Bacteriology., 185, 3307-3316. 

Feld, L., Bay, H., Angen, O., Larsen, A. R., Madsen, A. M. 2018. "Survival of LA-MRSA in 

Dust from Swine Farms." Annals of Work Exposures and Health, 62, 147-156. 

Ferry, T., Perpoint, T., Vandenesch, F., Etienne, J. 2005. "Virulence determinants in 

Staphylococcus aureus and their involvement in clinical syndromes." Current 

Infectious Disease Report., 7, 420-428. 

Fetsch, A., Contzen, M., Hartelt, K., Kleiser, A., Maassen, S., Rau, J., Kraushaar, B., Layer, 

F., Strommenger, B. 2014. "Staphylococcus aureus food-poisoning outbreak 

associated with the consumption of ice-cream." International Journal of Food 

Microbiology., 187, 1-6. 

Fisher, E. L., Otto, M., Cheung, G. Y. C. 2018. "Basis of Virulence in Enterotoxin-Mediated 

Staphylococcal Food Poisoning." Frontiers of Microbiology., 9, 436. 

Fishovitz, J., Hermoso, J. A., Chang, M., Mobashery, S. 2014. "Penicillin-binding protein 2a 

of methicillin-resistant Staphylococcus aureus" IUBMB Life., 66 (8), 572-7. 

Fitzgerald, J. R., Monday, S. R., Foster, T. J., Bohach, G. A., Hartigan, P. J., Meaney, W. J., 

Smyth, C. J. 2001. "Characterization of a putative pathogenicity island from bovine 

Staphylococcus aureus encoding multiple superantigens." Journal of Bacteriology., 

183, 63-70. 

Food and Drug Act 2001 The food and drugs act, chapter 303 of the laws of Zambia. Statutory 

instrument number 90 of 2001. 

Fosheim, G. E., Nicholson, A. C., Albrecht, V. S., Limbago B. M. 2011. “Multiplex Real-Time 

PCR Assay for Detection of Methicillin-Resistant Staphylococcus aureus and 

Associated Toxin Genes.” Journal of clinical microbiology., 49 (8), 3071-3073. 

Foster, T. J., Hook, M. 1998. "Surface protein adhesins of Staphylococcus aureus." Trends in 

Microbiology., 6, 484-8. 



89 

 

Foster, T. J., 2005. "Immune evasion by staphylococci." Nature Reviews in Microbiology., 3, 

948-58. 

Foster, T. J., Geoghegan, J. A., Ganesh, V. K., Hook, M. 2014. "Adhesion, invasion and 

evasion: the many functions of the surface proteins of Staphylococcus aureus." Nature 

Reviews in Microbiology., 12, 49-62. 

Fournier, B., Philpott, D. J. 2005. "Recognition of Staphylococcus aureus by the innate immune 

system." Clinical Microbiology Reviews., 18, 521-40. 

Frimodt-Moller, N., Espersen, F., Skinhoj, P., Rosdahl, V. T. 1997. "Epidemiology of 

Staphylococcus aureus bacteremia in Denmark from 1957 to 1990." Clinical 

Microbiology and Infection., 3, 297-305. 

Fuda, C., Suvorov, M., Vakulenko, S. B., Mobashery, S. 2004. "The basis for resistance to 

beta-lactam antibiotics by penicillin-binding protein 2a of methicillin-resistant 

Staphylococcus aureus." Journal of Biological Chemistry., 279, 40802-40806. 

Garcia-Alvarez, L., Holden, M. T., Lindsay, H., Webb, C. R., Brown, D. F., Curran, M. D., 

Walpole, E., Brooks, K., Pickard, D. J., Teale, C., Parkhill, J., Bentley, S. D., Edwards, 

G. F., Girvan, E. K., Kearns, A. M., Pichon, B., Hill, R. L., Larsen, A. R., Skov, R. 

L., Peacock, S. J., Maskell, D. J., Holmes, M. A. 2011. "Meticillin-resistant 

Staphylococcus aureus with a novel mecA homologue in human and bovine 

populations in the UK and Denmark: a descriptive study." Lancet Infectious Diseases., 

11, 595-603. 

Genestier, A. L., Michallet, M. C., Prevost, G., Bellot, G., Chalabreysse, L., Peyrol, S., 

Thivolet, F., Etienne, J., Lina, G., Vallette, F. M., Vandenesch, F., Genestier, L. 2005. 

"Staphylococcus aureus Panton-Valentine leukocidin directly targets mitochondria 

and induces Bax-independent apoptosis of human neutrophils." Journal of Clinical 

Investigation., 115, 3117-3127. 

Genigeorgis, C. A. 1989. "Present state of knowledge on staphylococcal intoxication." 

International Journal of Food Microbiol., 9 (4), 327-360. 

Gharsa, H., Ben Sallem, R., Ben Slama, K., Gomez-Sanz, E., Lozano, C., Jouini, A., Klibi, N., 

Zarazaga, M., Boudabous, A., Torres, C. 2012a. "High diversity of genetic lineages 

and virulence genes in nasal Staphylococcus aureus isolates from donkeys destined to 

food consumption in Tunisia with predominance of the ruminant associated CC133 

lineage." BMC Veterinary Research., 8, 203. 



90 

 

Gharsa, H., Ben Slama, K., Gomez-Sanz, E., Lozano, C., Zarazaga, M., Messadi, L., 

Boudabous, A., Torres, C. 2015. "Molecular characterization of Staphylococcus 

aureus from nasal samples of healthy farm animals and pets in Tunisia." Vector Borne 

Zoonotic Diseases., 15, 109-15. 

Gharsa, H., Ben Slama, K., Lozano, C., Gomez-Sanz, E., Klibi, N., Ben Sallem, R., Gomez, 

P., Zarazaga, M., Boudabous, A., Torres, C. 2012b. "Prevalence, antibiotic resistance, 

virulence traits and genetic lineages of Staphylococcus aureus in healthy sheep in 

Tunisia." Vet erinary Microbiology., 156, 367-73. 

Ghebremedhin, B., Olugbosi, M. O., Raji, A. M., Layer, F., Bakare, R. A., Konig, B., Konig, 

W. 2009. "Emergence of a community-associated methicillin-resistant 

Staphylococcus aureus strain with a unique resistance profile in Southwest Nigeria." 

Journal of Clinical Microbiology., 47, 2975-2980. 

Gherardi, G., Di Bonaventura, G., Savini, V. 2018. Chapter 1 - Staphylococcal Taxonomy. in: 

Pet-To-Man Travelling Staphylococci.  Savini, V. Ed. Academic Press. USA. 20-322. 

Gillet, Y., Issartel, B., Vanhems, P., Fournet, J. C., Lina, G., Bes, M., Vandenesch, F., Piemont, 

Y., Brousse, N., Floret, D., Etienne, J. 2002. "Association between Staphylococcus 

aureus strains carrying gene for Panton-Valentine leukocidin and highly lethal 

necrotising pneumonia in young immunocompetent patients." Lancet, 359, 753-9. 

Gilmour D. 1999. Milking. In: Smallholder dairy in the tropics. Ed. Falvey L and Chantalkhana 

C. ILRI (International Livestock Research Institute). Nairobi, Kenya. 289-298. 

Giraudo, A.T., Cheung, A.L., Nagel, R. 1997. “The sae locus of Staphylococcus aureus 

controls exoprotein synthesis at the transcriptional level.” Archives of Microbiology., 

168, 53–58.  

Gitau, G. K., Bundi, R. M., Vanleeuwen, J., Mulei, C. M. 2014. "Mastitogenic bacteria isolated 

from dairy cows in Kenya and their antimicrobial sensitivity" Journal of South African 

Veterinary Association., 85, 950. 

Godfrey, K. 2013. Milk quality and On-Farm Factors Leading to Milk Spoilage in Bagaaki Sub 

County-Kyenjojo District, Uganda, MSc Thesis, Makerere University, Uganda. 

Gordon, R. J., Lowy, F. D. 2008. “Pathogenesis of methicillin-resistant Staphylococcus aureus 

infection”. Clinical infectious diseases: an official publication of the Infectious 

Diseases Society of America., 46 (Suppl 5), S350–S359.  



91 

 

Goh, S. H., Byrne, S. K., Zhang, J. L., Chow, A. W. 1992. "Molecular typing of Staphylococcus 

aureus on the basis of coagulase gene polymorphisms." Journal of Clinical 

Microbiology., 30, 1642-1645. 

Golding, G. R., Bryden, L., Levett, P. N., Mcdonald, R. R., Wong, A., Wylie, J., Graham, M. 

R., Tyler, S., Van Domselaar, G., Simor, A. E., Gravel, D., Mulvey, M. R. 2010. 

"Livestock-associated methicillin-resistant Staphylococcus aureus sequence type 398 

in humans, Canada." Emerging Infectious Diseases., 16, 587-94. 

Gomez, M. I., Lee, A., Reddy, B., Muir, A., Soong, G., Pitt, A., Cheung, A., Prince, A. 2004. 

"Staphylococcus aureus protein A induces airway epithelial inflammatory responses 

by activating TNFR1." Nature Medicine., 10, 842-8. 

Gomez, M. I., O'seaghdha, M., Magargee, M., Foster, T. J., Prince, A. S. 2006. "Staphylococcus 

aureus protein A activates TNFR1 signaling through conserved IgG binding 

domains." Journal of Biological Chemistry., 281, 20190-20196. 

Gomez, P., Lozano, C., Camacho, M. C., Lima-Barbero, J. F., Hernandez, J. M., Zarazaga, M., 

Hofle, U., Torres, C. 2016. "Detection of MRSA ST3061-t843-mecC and ST398-

t011-mecA in white stork nestlings exposed to human residues." Journal of 

Antimicrobial Chemotherapy., 71, 53-7. 

Gomez-Sanz, E., Simon, C., Ortega, C., Gomez, P., Lozano, C., Zarazaga, M., Torres, C. 2014. 

"First detection of methicillin-resistant Staphylococcus aureus ST398 and 

Staphylococcus pseudintermedius ST68 from hospitalized equines in Spain." 

Zoonoses Public Health., 61, 192-201. 

Gomez-Sanz, E., Torres, C., Lozano, C., Fernandez-Perez, R., Aspiroz, C., Ruiz-Larrea, F., 

Zarazaga, M. 2010. "Detection, molecular characterization, and clonal diversity of 

methicillin-resistant Staphylococcus aureus CC398 and CC97 in Spanish slaughter 

pigs of different age groups." Foodborne Pathogens and Diseases., 7, 1269-1277. 

Granados-Chinchilla, F., Rodrıguez, C. 2017. “Tetracyclines in Food and Feedingstuffs: From 

Regulation to Analytical Methods, Bacterial Resistance, and Environmental and 

Health Implications.” Journal of Analytical Methods in Chemistry, vol. 2017, Article 

ID 1315497. 

Gravet A., Couppie P., Meunier O., Clyti E., Moreau B., Pradinaud R., Monteil H., Prevost G. 

2001. “Staphylococcus aureus isolated in cases of impetigo produces both 



92 

 

epidermolysin A or B and LukE-LukD in 78% of 131 retrospective and prospective 

cases.” Journal of Clinical Microbiology., 39, 4349–435610. 

Gravet A., Rondeau M., Harf-Monteil C., Grunenberger F., Monteil H., Scheftel J. M., Prevost 

G. 1999. “Predominant Staphylococcus aureus isolated from antibiotic-associated 

diarrhea is clinically relevant and produces enterotoxin A and the bicomponent toxin 

LukE-lukD.” Journal of Clinical. Microbiology., 37, 4012–4019.  

Gravet, A., Colin, D. A., Keller, D., Girardot, R., Monteil, H., Prevost, G. 1998. 

"Characterization of a novel structural member, LukE-LukD, of the bi-component 

staphylococcal leucotoxins family." FEBS Letters., 436, 202-208. 

Grayson, M. L., Jarvie, L. J., Martin, R., Johnson, P. D., Jodoin, M. E., Mcmullan, C., Gregory, 

R. H., Bellis, K., Cunnington, K., Wilson, F. L., Quin, D., Kelly, A. M. 2008. 

"Significant reductions in methicillin-resistant Staphylococcus aureus bacteraemia 

and clinical isolates associated with a multisite, hand hygiene culture-change program 

and subsequent successful statewide roll-out." Medical Joutnal of Australia., 188, 633-

40. 

Grispoldi, L., Popescu, P. A., Karama, M., Gullo, V., Poerio, G., Borgogni, E., Torlai, P., 

Chianese, G., Fermani, A. G., Sechi, P., Cenci-Goga, B. 2019. "Study on the Growth 

and Enterotoxin Production by Staphylococcus aureus in Canned Meat before 

Retorting" Toxins (Basel)., 11. 

Groome, M. J., Albrich, W. C., Wadula, J., Khoosal, M., Madhi, S. A. 2012. "Community-

onset Staphylococcus aureus bacteraemia in hospitalised African children: high 

incidence in HIV-infected children and high prevalence of multidrug resistance." 

Paediatric International Child Health., 32, 140-6. 

Grumann, D., Nübel, U., Bröker, B. M. 2014. Staphylococcus aureus toxins--their functions 

and genetics. Infection, Genetics and Evolution., 1, 583-592. 

Grundmann, H., Aires-De-Sousa, M., Boyce, J., Tiemersma, E. 2006. "Emergence and 

resurgence of meticillin-resistant Staphylococcus aureus as a public-health threat." 

Lancet., 368, 874-85. 

Gumbo, A., Bangure, D., Gombe, N. T., Mungati, M., Tshimanga, M., Hwalima, Z., Dube, I. 

2015. "Staphylococcus aureus food poisoning among Bulawayo City Council 

employees, Zimbabwe, 2014." BMC Research Notes., 8, 485. 



93 

 

Gwandu, S. H., Nonga, H. E., Mdegela, R. H., Katakweba, A. S., Suleiman, T. S and Ryoba, 

R. 2018. "Assessment of Raw Cow Milk Quality in Smallholder Dairy Farms in 

Pemba Island Zanzibar, Tanzania." Veterinary Medicine Internation., 10, 1-9.  

Gwida M. M., EL-Gohary FA. 2013. “Zoonotic Bacterial Pathogens isolated from raw milk 

with special reference to Escherichia coli and Staphylococcus aureus in Dahalia.” 

Governorate, Egypt, 2 (4), 705. 

Hagnestam-Nielsen, C., Ostergaard, S. 2009. "Economic impact of clinical mastitis in a dairy 

herd assessed by stochastic simulation using different methods to model yield losses." 

Animal., 3, 315-328. 

Halasa, T., Huijps, K., Osteras, O., Hogeveen, H. 2007. "Economic effects of bovine mastitis 

and mastitis management: a review." Vet Quarterly., 29, 18-31. 

Hammer, N. D and Skaar, E. P. 2011. "Molecular mechanisms of Staphylococcus aureus iron 

acquisition." Annual Review of Microbiol., 65, 129-147. 

Han, H. W., Chang, H. C., Hunag, A. H., Chang, T. C. 2015. "Optimization of the score cutoff 

value for routine identification of Staphylococcus species by matrix-assisted laser 

desorption ionization-time-of-flight mass spectrometry" Diagnostic Microbiology and 

Infectious Diseases., 83, 349-354. 

Haran, K. P., Godden, S. M., Boxrud, D., Jawahir, S., Bender, J. B., Sreevatsan, S. 2012. 

"Prevalence and characterization of Staphylococcus aureus, including methicillin-

resistant Staphylococcus aureus, isolated from bulk tank milk from Minnesota dairy 

farms." Journal of Clinical Microbiology., 50, 688-95. 

Harkins, C. P., Pichon, B., Doumith, M., Parkhill, J., Westh, H., Tomasz, A., De Lencastre, H., 

Bentley, S. D., Kearns, A. M., Holden, M. T. G. 2017. "Methicillin-resistant 

Staphylococcus aureus emerged long before the introduction of methicillin into 

clinical practice." Genome Biology., 18, 130. 

Harouna, A., Zecchini, M., Locatelli, C., Scaccabarozzi, L., Cattaneo, C., Amadou, A., Bronzo, 

V., Marichatou, H., Boettcher, P. J., Zanoni, M. G., Alborali, L., Moroni, P. 2009. 

“Milk hygiene and udder health in the periurban area of Hamdallaye, Niger”. Tropical 

Animal Health Production., 41, 705-710. 

Harmsen, D., Claus, H., Witte, W., Rothganger, J., Claus, H., Turnwald, D., Vogel, U. 2003. 

"Typing of methicillin-resistant Staphylococcus aureus in a university hospital setting 



94 

 

by using novel software for spa repeat determination and database management." 

Journal of Clinical Microbiology., 41, 5442-5448. 

Harris, L. G., Foster, S. J., Richards, R. G. 2002. "An introduction to Staphylococcus aureus, 

and techniques for identifying and quantifying Staphylococcus aureus adhesins in 

relation to adhesion to biomaterials: review." European Cells and Materials., 4, 39-60. 

Hartman, B., Tomasz, A. 1981. "Altered penicillin-binding proteins in methicillin-resistant 

strains of Staphylococcus aureus." Antimicrobial Agents and Chemotherapy., 19, 

726-35. 

Hartman, B. J., Tomasz, A. 1984. "Low-affinity penicillin-binding protein associated with 

beta-lactam resistance in Staphylococcus aureus." Journal of Bacteriology., 158, 513-

6. 

Häsler, B., Msalya, G., Roesel, K., Fornance, K., Eltholth, M., Sikira, A., Kurwijila, L., 

Rushton, J., Grace, D. 2019. “Using participatory rural appraisal to investigate food 

production, nutrition and safety in Tanzania dairy value chain.” Global Food Security., 

30, 123-131. 

Hasman, H., Moodley, A., Guardabassi, L., Stegger, M., Skov, R. L., Aarestrup, F. M. 2010. 

"Spa type distribution in Staphylococcus aureus originating from pigs, cattle and 

poultry." Veterinary Microbiology., 141, 326-31. 

Hata, E., Katsuda, K., Kobayashi, H., Uchida, I., Tanaka, K., Eguchi, M. 2010. "Genetic 

variation among Staphylococcus aureus strains from bovine milk and their relevance 

to methicillin-resistant isolates from humans." Journal of Clinical Microbiology., 48, 

2130-2139. 

Havelaar, A. H., Kirk, M. D., Torgerson, P. R., Gibb, H. J., Hald, T., Lake, R. J., Praet, N., 

Bellinger, D. C., De Silva, N. R., Gargouri, N., Speybroeck, N., Cawthorne, A., 

Mathers, C., Stein, C., Angulo, F. J., Devleesschauwer, B. 2015. "World Health 

Organization Global Estimates and Regional Comparisons of the Burden of 

Foodborne Disease in 2010." PLoS Medicine., 12, e1001923. 

Haveri, M., Roslof, A., Rantala, L., Pyorala, S. 2007. "Virulence genes of bovine 

Staphylococcus aureus from persistent and non-persistent intramammary infections 

with different clinical characteristics" Journal of Applied Microbiology., 103, 993-

1000. 



95 

 

Heiniger, D., Van Den Borne, B. H., Lechner, I., Tschopp, A., Strabel, D., Steiner, A., Meier, 

H. 2014. "Cost-benefit analysis of an intervention to improve udder health in Swiss 

dairy farms." Schweiz Arch Tierheilkd., 156, 473-481. 

Hennekinne, J. A., De Buyser, M. L., Dragacci, S. 2012. "Staphylococcus aureus and its food 

poisoning toxins: characterization and outbreak investigation." FEMS Microbiology 

Reviews., 36 (4), 815-836. 

Hishinuma, T., Katayama, Y., Matsuo, M., Sasaki, T., Hiramatsu, K. 2016. "Complete Genome 

Sequence of Vancomycin-Intermediate Staphylococcus aureus Strain MI (HIP5827)." 

Genome Announcements., 4 (2), e00123-16. 

Holmes, M. A., Zadoks, R. N. 2011. "Methicillin resistant Staphylococcus aureus in human 

and bovine mastitis." Journal of Mammary Gland Biology and Neoplasia., 16, 373-

82. 

Hundal, J., Sodhi, S., Gupta, A., Singh, J., Chahal, U. 2016. Awareness, knowledge, and risks 

of zoonotic diseases among livestock farmers in Punjab.” Veterinary World., 9, 186–

191. 

Hwang, S. Y., Kim, S. H., Jang, E. J., Kwon, N. H., Park, Y. K., Koo, H. C., Jung, W. K., Kim, 

J. M., Park, Y. H. 2007. "Novel multiplex PCR for the detection of the Staphylococcus 

aureus superantigen and its application to raw meat isolates in Korea." International 

Journal of Food Microbiology., 117, 99-105. 

Iannotti, L. L., 2018. "The benefits of animal products for child nutrition in developing 

countries." Rev Sci Tech., 37, 37-46. 

Israel, G. D. 1992. Determining Sample Size.: Agricultural Education and Communication 

Department, University of Florida, Gainesville. 

Ito, T., Ma, X. X., Takeuchi, F., Okuma, K., Yuzawa, H., Hiramatsu, K. 2004. "Novel type V 

staphylococcal cassette chromosome mec driven by a novel cassette chromosome 

recombinase, ccrC." Antimicrobial Agents and Chemotherapy., 48, 2637-2651. 

Jabbar, M., Grace, D. 2012. Regulations for safety of animal source foods in selected Sub-

Saharan African countries: Current status and their implications. The Safe Food, Fair 

Food Project. International Livestock Research Institute Nairobi, Kenya. 

Jamrozy, D. M., Fielder, M. D., Butaye, P., Coldham, N. G. 2012. "Comparative genotypic and 

phenotypic characterisation of methicillin-resistant Staphylococcus aureus ST398 

isolated from animals and humans." PLoS One., 7, e40458. 



96 

 

Jans, C., Merz, A., Johler, S., Younan, M., Tanner, S. A., Kaindi, D. W. M., Wangoh, J., 

Bonfoh, B., Meile, L., Tasara, T. 2017. "East and West African milk products are 

reservoirs for human and livestock-associated Staphylococcus aureus." Food 

Microbiology., 65, 64-73. 

Jarlier, V., Trystram, D., Brun-Buisson, C., Fournier, S., Carbonne, A., Marty, L., Andremont, 

A., Arlet, G., Buu-Hoi, A., Carlet, J., Decre, D., Gottot, S., Gutmann, L., Joly-Guillou, 

M. L., Legrand, P., Nicolas-Chanoine, M. H., Soussy, C. J., Wolf, M., Lucet, J. C., 

Aggoune, M., Brucker, G., Regnier, B. 2010. "Curbing methicillin-resistant 

Staphylococcus aureus in 38 French hospitals through a 15-year institutional control 

program." Archives of Internal Medicine., 170, 552-559. 

Jarraud, S., Mougel, C., Thioulouse, J., Lina, G., Meugnier, H., Forey, F., Nesme, X., Etienne, 

J., Vandenesch, F. 2002. "Relationships between Staphylococcus aureus genetic 

background, virulence factors, agr groups (alleles), and human disease." Infection and 

Immunity., 70, 631-641. 

Jarraud, S., Peyrat, M. A., Lim, A., Tristan, A., Bes, M., Mougel, C., Etienne, J., Vandenesch, 

F., Bonneville, M., Lina, G. 2001. "egc, a highly prevalent operon of enterotoxin gene, 

forms a putative nursery of superantigens in Staphylococcus aureus." Journal of 

Immunology., 166, 669-77. 

Jevons, M. P., Coe, A. W., Parker, M. T. 1963. "Methicillin resistance in staphylococci." 

Lancet, 1: 904-907. 

Johler, S., Weder, D., Bridy, C., Huguenin, M. C., Robert, L., Hummerjohann, J., Stephan, R. 

2015. "Outbreak of staphylococcal food poisoning among children and staff at a Swiss 

boarding school due to soft cheese made from raw milk." Journal of Dairy Science, 

98, 2944-2948. 

Johnson, A. P., Davies, J., Guy, R., Abernethy, J., Sheridan, E., Pearson, A., Duckworth, G. 

2012. "Mandatory surveillance of methicillin-resistant Staphylococcus aureus 

(MRSA) bacteraemia in England: the first 10 years." Journal of Antimicrobial 

Chemotherapy., 67, 802-809. 

Johnson, A. P., Pearson, A., Duckworth, G. 2005. "Surveillance and epidemiology of MRSA 

bacteraemia in the UK." Journal of Antimicrobial Chemotherapy., 56, 455-462. 



97 

 

Juhasz-Kaszanyitzky, E., Janosi, S., Somogyi, P., Dan, A., Van Der Graaf-Van Bloois, L., Van 

Duijkeren, E., Wagenaar, J. A. 2007. "MRSA transmission between cows and 

humans." Emerging Infectious Diseseases., 13, 630-632. 

Junaidu, A.U., Salihu, M. D., Tambuwal, F. M., Magaji, A. A., Jaafaru S. 2011. “Prevalence 

of mastitis in lactating cows in some selected commercial dairy farms in Sokoto 

Metropolis.” Advances in Applied Science Research, 2 (2), 290-294  

Kadariya, J., Smith, T. C., Thapaliya, D. 2014. "Staphylococcus aureus and staphylococcal 

food-borne disease: an ongoing challenge in public health." Biomedical Research 

International., 2014, 827965. 

Kaitibie, S., Omore, A., Rich, K., Salasya, B., Hooton, N., Mwero, D., Kristjanson, P. 2009. 

Influence Pathways and Economic Impacts of Policy Change in the Kenyan Dairy 

Sector. Research Report 15. ILRI (International Livestock Research Institute), 

Nairobi, Kenya: 58. 

Kallen, A. J., Mu, Y., Bulens, S., Reingold, A., Petit, S., Gershman, K., Ray, S. M., Harrison, 

L. H., Lynfield, R., Dumyati, G., Townes, J. M., Schaffner, W., Patel, P. R., Fridkin, 

S. K. 2010. "Health care-associated invasive MRSA infections, 2005-2008." Jama., 

304, 641-648. 

Karuga S. 2009. Draft report on dairy chain analysis, Timau milk shed. Micro enterprise 

support program trust. 

Kasozi K. I, Tingiira J. B., Vudriko P. 2014. “High prevalence of subclinical mastitis and 

multidrug resistant Staphylococcus aureus are a threat to dairy cattle production in 

Kiboga District (Uganda).” Open Journal of Veterinary Medicine., 4, 35–43. 

Katayama, Y., Ito, T., Hiramatsu, K. 2000. "A new class of genetic element, staphylococcus 

cassette chromosome mec, encodes methicillin resistance in Staphylococcus aureus." 

Antimicrobial Agents and Chemotherapy., 44, 1549-1555. 

Kayange, N., Kamugisha, E., Mwizamholya, D. L., Jeremiah, S., Mshana, S. E. 2010. 

"Predictors of positive blood culture and deaths among neonates with suspected 

neonatal sepsis in a tertiary hospital, Mwanza-Tanzania." BMC Pediatrics., 10, 39. 

Kennedy, J., Blair, I. S., Mcdowell, D. A., Bolton, D. J. 2005. "An investigation of the thermal 

inactivation of Staphylococcus aureus and the potential for increased thermotolerance 

as a result of chilled storage." Journal of Applied Microbiology., 99, 1229-1235. 



98 

 

Kesah, C., Ben Redjeb, S., Odugbemi, T. O., Boye, C. S., Dosso, M., Ndinya Achola, J. O., 

Koulla-Shiro, S., Benbachir, M., Rahal, K., Borg, M. 2003. "Prevalence of 

methicillin-resistant Staphylococcus aureus in eight African hospitals and Malta." 

Clinical Microbiology and Infection., 9, 153-156. 

Kessler, C. M., Nussbaum, E., Tuazon, C. U. 1991. "Disseminated intravascular coagulation 

associated with Staphylococcus aureus septicemia is mediated by peptidoglycan-

induced platelet aggregation." Journal of Infectious Diseases., 164, 101-107. 

Khamesipour, F., Lankarani, K. B., Honarvar, B., Kwenti, T. E. 2018. "A systematic review of 

human pathogens carried by the housefly (Musca domestica L.)." BMC Public Health, 

18, 1049. 

Khanna, T., Friendship, R., Dewey, C., Weese, J. S. 2008. "Methicillin resistant 

Staphylococcus aureus colonization in pigs and pig farmers." Veterinary 

Microbiology., 128, 298-303. 

Kilic, A., Muldrew, K. L., Tang, Y. W., Basustaoglu, A. C. 2010. "Triplex real-time 

polymerase chain reaction assay for simultaneous detection of Staphylococcus aureus 

and coagulase-negative staphylococci and determination of methicillin resistance 

directly from positive blood culture bottles." Diagnostic Microbiology and Infectious 

Disease., 66, 349-355. 

Kim, H-J., Se-Wook O. 2010. “Performance comparison of 5 selective media used to detect 

Staphylococcus aureus in Foods.” Food Science and Biotechnology.,19 (4), 1097-

1110. 

Kim, J., Hong, J., Lim, J. A., Heu, S., Roh, E. 2018. "Improved multiplex PCR primers for 

rapid identification of coagulase-negative staphylococci." Archives of Microbiology., 

200, 73-83. 

Kinabo, G. D., Van Der Ven, A., Msuya, L. J., Shayo, A. M., Schimana, W., Ndaro, A., Van 

Asten, H. A., Dolmans, W. M., Warris, A and Hermans, P. W. 2013. "Dynamics of 

nasopharyngeal bacterial colonisation in HIV-exposed young infants in Tanzania." 

Tropical Medicine and International Health., 18, 286-295. 

Kinnevey, P. M., Shore, A. C., Brennan, G. I., Sullivan, D. J., Ehricht, R., Monecke, S., 

Coleman, D. C. 2014. "Extensive genetic diversity identified among sporadic 

methicillin-resistant Staphylococcus aureus isolates recovered in Irish hospitals 

between 2000 and 2012." Antimicrobial Agents and Chemotherapy., 58, 1907-1917. 



99 

 

Kitai, S, Shimizu A, Kawano J., Sato E., Nakano C., Uji T., Kitagawa, H. 2005. 

“Characterization of methicillin-resistant Staphylococcus aureus isolated from retail 

raw-chicken meat in Japan.” Journal of Veterinary Medical Science., 67, 107–110.  

Kivaria, F. M, Noordhuizen J. P. T. M., Kapaga A. M. 2006. “Evaluation of the hygienic quality 

and associated public health hazards of raw milk marketed by smallholder dairy 

producers in the Dar es Salaam region, Tanzania.” Tropical Animal Health and 

Production., 38 (3), 185–194. 

Klein, E., Smith, D. L., Laxminarayan, R. 2007. "Hospitalizations and deaths caused by 

methicillin-resistant Staphylococcus aureus, United States, 1999-2005." Emerging 

Infectious Diseases., 13, 1840-1846. 

Klevens, R. M., Morrison, M. A., Nadle, J., Petit, S., Gershman, K., Ray, S., Harrison, L. H., 

Lynfield, R., Dumyati, G., Townes, J. M., Craig, A. S., Zell, E. R., Fosheim, G. E., 

Mcdougal, L. K., Carey, R. B., Fridkin, S. K. 2007. "Invasive methicillin-resistant 

Staphylococcus aureus infections in the United States." Jama, 298, 1763-1771. 

Kluytmans, J., Van Belkum, A., Verbrugh, H. 1997. "Nasal carriage of Staphylococcus aureus: 

epidemiology, underlying mechanisms, and associated risks" Clinical Microbiology 

Reviews., 10, 505-520. 

Knight-Jones, T. J., Hang'ombe, M. B., Songe, M. M., Sinkala, Y., Grace, D. 2016. "Microbial 

Contamination and Hygiene of Fresh Cow's Milk Produced by Smallholders in 

Western Zambia." International Journal of Environmental Research and Public 

Health., 13 (7), 737. 

Kock, R., Schaumburg, F., Mellmann, A., Koksal, M., Jurke, A., Becker, K., Friedrich, A. W. 

2013. "Livestock-associated methicillin-resistant Staphylococcus aureus (MRSA) as 

causes of human infection and colonization in Germany." PLoS One., 8, e55040. 

Kondo, Y., Ito, T., Ma, X. X., Watanabe, S., Kreiswirth, B. N., Etienne, J., Hiramatsu, K. 2007. 

"Combination of multiplex PCRs for staphylococcal cassette chromosome mec type 

assignment: rapid identification system for mec, ccr, and major differences in 

junkyard regions." Antimicrobial Agents and Chemotherapy, 51, 264-74. 

Kong, E. F., Johnson, J. K., Jabra-Rizk, M. A. 2016. "Community-Associated Methicillin-

Resistant Staphylococcus aureus: An Enemy amidst Us." PLoS Pathogens, 12 (10), 

e1005837. 



100 

 

Kouamé-Sina, S. M., Makita, K., Costard, S., Grace, D., Dadié, A., Dje, M., Bonfoh, B. 2012. 

Hazard Identification and Exposure Assessment for Bacterial Risk Assessment of 

Informally Marketed Milk in Abidjan, Côte d’Ivoire. Food and Nutrition Bulletin, 33 

(4), 223–234. 

Koulenti, D., Tsigou, E., Rello, J. 2017. "Nosocomial pneumonia in 27 ICUs in Europe: 

perspectives from the EU-VAP/CAP study." European Journal of Clinical 

Microbiology and Infectious Diseases., 36, 1999-2006. 

Kraushaar, B., Ballhausen, B., Leeser, D., Tenhagen, B. A., Kasbohrer, A., Fetsch, A. 2017. 

"Antimicrobial resistances and virulence markers in Methicillin-resistant 

Staphylococcus aureus from broiler and turkey: A molecular view from farm to fork." 

Veterinary Microbiology., 200, 25-32. 

Kromann-Andersen, B., Krøyer Nielsen, K. 1990. “Ofloxacin in urinary tract infections. 

Scandenevian Journal of Infectious Disease Suppl.”., 68, 35-40.  

Krziwanek, K., Metz-Gercek, S., Mittermayer, H. 2009. "Methicillin-Resistant Staphylococcus 

aureus ST398 from human patients, upper Austria." Emerging Infectious Diseases., 

15, 766-769. 

Kuchenmuller, T., Hird, S., Stein, C., Kramarz, P., Nanda, A., Havelaar, A. H. 2009. 

"Estimating the global burden of foodborne diseases--a collaborative effort." 

Eurosurveillance., 14 (18), 1-4. 

Kuma, A., Abdisa, M., Tolossa, D. 2015. “Evaluation of the hygienic status and marketing 

System of Raw Cow Milk in Different Critical Points of Oromia Special Zone.” 

Global Journal of Science Frontier Research, Biological Sciences., 15, 21–30. 

Kuma, B., Baker, D., Getnet, K., Kassa, B. 2003. “Factors affecting milk market outlet choices 

in Wolaita zone, Ethiopia.” African Journal of Agriculture Marketing., 1, 24–31. 

Kumagai, R., Nakatani, K., Ikeya, N., Kito, Y., Kaidoh, T., Takeuchi, S. 2007. Quadruple or 

quintuple conversion of hlb, sak, sea (or sep), scn, and chp genes by bacteriophages 

in non-β-hemolysin-producing bovine isolates of Staphylococcus aureus. Veterinary 

Microbiology., 122, 190-5. 

Kumar, D., Rai, D., Porwal, P., Kumar, S. 2018. Compositional Quality of Milk and Its 

Contaminants on Physical and Chemical Concern: A Review. International Journal of 

Current Microbiology Applied Science., 7 (05), 1125-1132. 



101 

 

Kumar N, Thakur G, Raghu H. V, Singh N, Sharma P. K and Singh V. K. 2013. “Bacterial 

Spore Based Biosensor for Detection of Contaminants in Milk.” Journal of Food 

Process Technology., 4, 277.  

Kumar, R., Yadav B. R., Singh R. S. 2011. Antibiotic resistance and pathogenicity factors in 

Staphylococcus aureus isolated from mastitic Sahiwal cattle. Journal of Biosciences, 

1, 175-188. 

Kunda, B., Pandey, G. S., Muma, J. B. 2015: Compositional and sanitary quality of raw milk 

produced by smallholder dairy farmers in Lusaka Province of Zambia. Livestock 

Research for Rural Development., 27 (10).  

Kuroda, M., Ohta, T., Uchiyama, I., Baba, T., Yuzawa, H., Kobayashi, I., Cui, L., Oguchi, A., 

Aoki, K., Nagai, Y., Lian, J., Ito, T., Kanamori, M., Matsumaru, H., Maruyama, A., 

Murakami, H., Hosoyama, A., Mizutani-Ui, Y., Takahashi, N. K., Sawano, T., Inoue, 

R., Kaito, C., Sekimizu, K., Hirakawa, H., Kuhara, S., Goto, S., Yabuzaki, J., 

Kanehisa, M., Yamashita, A., Oshima, K., Furuya, K., Yoshino, C., Shiba, T., Hattori, 

M., Ogasawara, N., Hayashi, H., Hiramatsu, K. 2001. "Whole genome sequencing of 

meticillin-resistant Staphylococcus aureus." Lancet, 357, 1225-1240. 

Kurwijila, R. 2006. Hygienic milk handling, processing and marketing: reference guide for 

training and certification of small-scale milk traders in Eastern Africa. International 

Livestock Research Institute, Nairobi, Kenya. 

Ladhani, S. 2001. Recent developments in staphylococcal scalded skin syndrome. Clinical 

Microbiology and Infection., 7 (6), 301–307. 

Lamb, H. M., Ormrod, D., Scott, L. J. et al. 2002. Ceftriaxone. Drugs., 62, 1041-1089. 

Lansang, M. A., Lucas-Aquino, R., Tupasi, T. E., Mina, V. S., Salazar, L. S., Juban N., 

Limjoco, T. T., Nisperos, L. E, Kunin, C. M. 1990. “Purchase of antibiotics without 

prescription in Manalia, the Philippines. Inappropriate choices and doses”. Journal of 

Clinical Epidemiology., 43, 61–67. 

Laupland, K. B., Lyytikainen, O., Sogaard, M., Kennedy, K. J., Knudsen, J. D., Ostergaard, C., 

Galbraith, J. C., Valiquette, L., Jacobsson, G., Collignon, P., Schonheyder, H. C. 2013. 

"The changing epidemiology of Staphylococcus aureus bloodstream infection: a 

multinational population-based surveillance study." Clinical Microbiology and 

Infection., 19, 465-471. 



102 

 

Laupland, K. B., Ross, T., Gregson, D. B. 2008. "Staphylococcus aureus bloodstream 

infections: risk factors, outcomes, and the influence of methicillin resistance in 

Calgary, Canada, 2000-2006." Journal of Infectious Diseases., 198, 336-343. 

Laurent, F., Chardon, H., Haenni, M., Bes, M., Reverdy, M. E., Madec, J. Y., Lagier, E., 

Vandenesch, F., Tristan, A. 2012. "MRSA harboring mecA variant gene mecC, 

France." Emerging Infectious Diseases., 18,1465-1467. 

Laxminarayan, R., Heymann, D. L. 2012. "Challenges of drug resistance in the developing 

world." Biomedical Journal., 344, e1567. 

Layada, S., Benouareth, D., Coucke, W., Andjelkovic, M. 2016. “Assessment of antibiotic 

residues in commercial and farm milk collected in the region of Guelma (Algeria).” 

International Journal of Food Contamination., 3, 19. 

Lebughe, M., Phaku, P., Niemann, S., Mumba, D., Peters, G., Muyembe-Tamfum, J. J., 

Mellmann, A., Strauss, L., Schaumburg, F. 2017. "The Impact of the Staphylococcus 

aureus Virulome on Infection in a Developing Country: A Cohort Study." Frontiers 

of Microbiology., 8, 1662. 

Lee, J. C. 1996. "The prospects for developing a vaccine against Staphylococcus aureus." 

Trends in Microbiology., 4, 162-6. 

Lee, C. Y., Schmidt, J. J., Johnson‐Winegar, A. D., Spero, L., Iandolo, J. J. 1987. Sequence 

determi‐nation and comparison of the exfoliative toxin A and toxin B genes from 

Staphylococcus. Journal of Bacteriology., 1699, 3904-3909.  

Le Loir, Y., Baron, F., Gautier, M. 2003. "Staphylococcus aureus and food poisoning." 

Genetics and Molecular Research., 2, 63-76. 

 

 

Leuenberger, A., Sartori, C., Boss, R., Resch, G., Oechslin, F., Steiner, A., Moreillon, P., 

Graber, H. U. 2019. "Genotypes of Staphylococcus aureus: On-farm epidemiology 

and the consequences for prevention of intramammary infections." Journal of Dairy 

Science., 102: 3295-3309. 

Llor, C., Bjerrum, L. 2014. Antimicrobial resistance: risk associated with antibiotic overuse 

and initiatives to reduce the problem. Therapeutic advances in drug safety., 5(6), 229-

241.  



103 

 

Lin, Y. C., Peterson, M. L. 2010. "New insights into the prevention of staphylococcal infections 

and toxic shock syndrome." Expert Review Clin Pharmacol., 3, 753-767. 

Lina, G., Bohach, G. A., Nair, S. P., Hiramatsu, K., Jouvin-Marche, E., Mariuzza, R. 2004. 

"Standard nomenclature for the superantigens expressed by Staphylococcus." Journal 

of Infectious Diseases., 189, 2334-2336. 

Lina, G., Piemont, Y., Godail-Gamot, F., Bes, M., Peter, M. O., Gauduchon, V., Vandenesch, 

F., Etienne, J. 1999. "Involvement of Panton-Valentine leukocidin-producing 

Staphylococcus aureus in primary skin infections and pneumonia." Clinical Infectious 

Diseases., 29, 1128-1132. 

Lingathurai, S., Vellathurai, P. 2011. “Bacteriological quality and safety of raw cow milk in 

Madurai, South India.” Webmed Central Microbiology., 1, 1-10. 

Lisa, Q., Orla, O., Catherine, S., Tom P. B., R. Paul, R., Gerald. F. F., Paul, D. C. 2013. The 

complex microbiota of raw milk, FEMS Microbiology Reviews. 37 (5), 664-698. 

Litwińczuk, Z., Król, J., Brodziak, A. 2015. “Factors Determining the Susceptibility of Cows 

to Mastitis and Losses Incurred by Producers Due to the Disease – A Review”. Annals 

of Animal Science. 15, 1-24. 

Lofdahl, S., Guss, B., Uhlen, M., Philipson, L., Lindberg, M. 1983. “Gene for staphylococcal 

protein A.” Proc Natl Acad Sci U S A., 80, 697-701. 

Loughman, J. A., Fritz, S. A., Storch, G. A., Hunstad, D. A. 2009. "Virulence gene expression 

in human community-acquired Staphylococcus aureus infection." Journal of 

Infectious Diseases., 199, 294-301. 

Lowder, B. V., Guinane, C. M., Ben Zakour, N. L., Weinert, L. A., Conway-Morris, A., 

Cartwright, R. A., Simpson, A. J., Rambaut, A., Nubel, U., Fitzgerald, J. R. 2009. 

"Recent human-to-poultry host jump, adaptation, and pandemic spread of 

Staphylococcus aureus." Proc Natl Acad Sci U S A., 106, 19545-19550. 

Lowy, F. D. 1998. "Staphylococcus aureus infections." N Engl J Med., 339, 520-532. 

Lowy, F. D. 2003. "Antimicrobial resistance: the example of Staphylococcus aureus." Journal 

of Clinical Investigation., 111, 1265-1273. 

Lozano, C., Gharsa, H., Ben Slama, K., Zarazaga, M., Torres, C. 2016. "Staphylococcus aureus 

in animals and food: Methicillin resistance, prevalence and population structure. A 

review in the African continent." Microorganisms., 4 (1), 12. 



104 

 

Lozano, C., Gomez-Sanz, E., Benito, D., Aspiroz, C., Zarazaga, M., Torres, C. 2011. 

"Staphylococcus aureus nasal carriage, virulence traits, antibiotic resistance 

mechanisms, and genetic lineages in healthy humans in Spain, with detection of 

CC398 and CC97 strains." International Journal of Medical Microbiology., 301, 500-

505. 

Luini, M., Cremonesi, P., Magro, G., Bianchini, V., Minozzi, G., Castiglioni, B., Piccinini, R. 

2015. "Methicillin-resistant Staphylococcus aureus (MRSA) is associated with low 

within-herd prevalence of intra-mammary infections in dairy cows: Genotyping of 

isolates." Veterinary Microbiology., 178, 270-274. 

Lundberg, A., Aspan, A., Nyman, A., Unnerstad, H. E., Waller, K. P. 2014. "Associations 

between bacterial genotype and outcome of bovine clinical Staphylococcus aureus 

mastitis." Acta Veterinaria Scandinavica., 56, 2. 

Luong, T. T., Ouyang, S., Bush, K., Lee, C. Y. 2002. "Type 1 capsule genes of Staphylococcus 

aureus are carried in a staphylococcal cassette chromosome genetic element." Journal 

of Bacteriology., 184, 3623-9. 

Luzzago, C., Locatelli, C., Franco, A., Scaccabarozzi, L., Gualdi, V., Vigano, R., Sironi, G., 

Besozzi, M., Castiglioni, B., Lanfranchi, P., Cremonesi, P., Battisti, A. 2014. "Clonal 

diversity, virulence-associated genes and antimicrobial resistance profile of 

Staphylococcus aureus isolates from nasal cavities and soft tissue infections in wild 

ruminants in Italian Alps." Veterinary Microbiology., 170, 157-61. 

Ma, X. X., Ito, T., Tiensasitorn, C., Jamklang, M., Chongtrakool, P., Boyle-Vavra, S., Daum, 

R. S., Hiramatsu, K. 2002. "Novel type of staphylococcal cassette chromosome mec 

identified in community-acquired methicillin-resistant Staphylococcus aureus 

strains." Antimicrobial Agents and Chemotherapy, 46, 1147-1152. 

Maina, E. K., Kiiyukia, C., Wamae, C. N., Waiyaki, P. G., Kariuki, S. 2013. "Characterization 

of methicillin-resistant Staphylococcus aureus from skin and soft tissue infections in 

patients in Nairobi, Kenya." International Journal of Infectious Disease., 17, e115-

e119. 

Mainda, G., Bessell, P. R., Muma, J. B., Mcateer, S. P., Chase-Topping, M. E., Gibbons, J., 

Stevens, M. P., Gally, D. L., De, C. B. B. M. 2015. "Prevalence and patterns of 

antimicrobial resistance among Escherichia coli isolated from Zambian dairy cattle 

across different production systems." Scientific Reports., 5, 12439. 



105 

 

Mai-siyama, I. B., Okon, K. O., Adamu, N. B., Askira, U. M., Isyaka, T. M., Adamu, S. G., 

Mohammed A. 2014. “Methicillin-resistant Staphylococcus aureus (MRSA) 

colonization rate among ruminant animals slaughtered for human consumption and 

contact persons in Maiduguri, Nigeria.” African Journal of Microbiology Research., 

8, 2643–2649. 

Malachowa, N., Kobayashi, S. D., Deleo, F. R. 2012. "Community-associated methicillin-

resistant Staphylococcus aureus and athletes." Physisian and Sportsmedicine, 40, 13-

21. 

Marshall, B., Petrowski, D., Levy, S. B. 1990. "Inter- and intraspecies spread of Escherichia 

coli in a farm environment in the absence of antibiotic usage." Proc Natl Acad Sci U 

S A., 87, 6609-6613. 

Marshall, B. M., Levy, S. B. 2011. Food animals and antimicrobials: impacts on human health. 

Clinical microbiology reviews, 24 (4), 718–733. 

Massawe, H. F, Mdegela, R. H., Kurwijila, L. R. 2019. Antibiotic resistance of Staphylococcus 

aureus isolates from milk produced by smallholder dairy farmers in Mbeya Region, 

Tanzania. International Journal of One Health., 5,31-37. 

Matthews, P., Tomasz, A. 1990. "Insertional inactivation of the mec gene in a transposon 

mutant of a methicillin-resistant clinical isolate of Staphylococcus aureus." 

Antimicrobial Agents and Chemotherapy., 3, 1777-1779. 

Mattiello, S., Caroprese, M., Matteo, C. G., Fortina, R., Martini, A., Martini, M., Parisi, G., 

Russo, C., Zecchini, M. 2018. “Animal Productions in Development Cooperation 

Projects”. Typical dairy products in Africa from local animal resources. Italian Journal 

of Animal Science., 17(3), 740-754. 

Mazmanian, S. K., Skaar, E. P., Gaspar, A. H., Humayun, M., Gornicki, P., Jelenska, J., 

Joachmiak, A., Missiakas, D. M., Schneewind, O. 2003. "Passage of heme-iron across 

the envelope of Staphylococcus aureus." Science., 299, 906-909. 

Mazmanian, S. K., Ton-That, H., Schneewind, O. 2001. "Sortase-catalysed anchoring of 

surface proteins to the cell wall of Staphylococcus aureus." Molecular Microbiology., 

40, 1049-1057. 

Mcaleese, F. M., Walsh, E. J., Sieprawska, M., Potempa, J., Foster, T. J. 2001. "Loss of 

clumping factor B fibrinogen binding activity by Staphylococcus aureus involves 



106 

 

cessation of transcription, shedding and cleavage by metalloprotease." Journal of 

Biology and Chemistry., 276 (32), 29969-29978. 

Mcdevitt, D., Nanavaty, T., House-Pompeo, K., Bell, E., Turner, N., Mcintire, L., Foster, T., 

Hook, M. 1997. "Characterization of the interaction between the Staphylococcus 

aureus clumping factor (ClfA) and fibrinogen." European Journal of Biochemistry., 

247, 416-424. 

Mdegela, R. H., Ryoba, R., Karimuribo, E. D., Phiri, E. J., Loken, T., Reksen, O., Mtengeti, 

E., Urio, N. A. 2009. "Prevalence of clinical and subclinical mastitis and quality of 

milk on smallholder dairy farms in Tanzania." Journal of South African Veterinary 

Association., 80 (3), 163-168. 

Mediavilla, J. R., Chen, L., Uhlemann, A. C., Hanson, B. M., Rosenthal, M., Stanak, K., Koll, 

B., Fries, B. C., Armellino, D., Schilling, M. E., Weiss, D., Smith, T. C., Lowy, F. D., 

Kreiswirth, B. N. 2012. "Methicillin-susceptible Staphylococcus aureus ST398, New 

York and New Jersey, USA." Emerging Infectious Diseases., 18, 700-702. 

Mekonnen, S. A., Lam, T., Hoekstra, J., Rutten, V., Tessema, T. S., Broens, E. M., Riesebos, 

A. E., Spaninks, M. P., Koop, G. 2018. "Characterization of Staphylococcus aureus 

isolated from milk samples of dairy cows in small holder farms of North-Western 

Ethiopia." BMC Veterinary Research., 14, 246. 

Menestrina G, Dalla Serra M, Comai M, Coraiola M, Viero G, Werner S, Colin DA, Monteil 

H, Prévost G. 2003. “Ion channels and bacterial infection: the case of beta-barrel pore-

forming protein toxins of Staphylococcus aureus.” FEBS Letters., 552, 54–60. 

Merino, N., Toledo-Arana, A., Vergara-Irigaray, M., Valle, J., Solano, C., Calvo, E., Lopez, J. 

A., Foster, T. J., Penades, J. R., Lasa, I. 2009. "Protein A-mediated multicellular 

behaviour in Staphylococcus aureus," Journal of Bacteriology., 191, 832-843. 

Metwally, A., Dabiza, N., El-Kholy, W., Sadek, Z. 2011. “The Effect of Boiling on Milk 

Microbial Contents and Quality.” Journal of American Science Journal of American 

Science., 77, 110-114. 

Merz, A., Stephan, R., Johler, S. 2016. “Staphylococcus aureus isolates from Goats and Sheep 

milk seem to be closely related and differ from isolates detected in Bovine milk.” 

Frontiers in Microbiology., 319 (7), 66-77. 



107 

 

Mhada, T. V., Fredrick, F., Matee, M. I., Massawe, A. 2012. "Neonatal sepsis at Muhimbili 

National Hospital, Dar es Salaam, Tanzania; aetiology, antimicrobial sensitivity 

pattern and clinical outcome." BMC Public Health., 12, 904. 

Mistry, H., Sharma, P., Mahato, S., Saravanan, R., Kumar, P. A., Bhandari, V. 2016. 

"Prevalence and Characterization of Oxacillin Susceptible mecA-Positive Clinical 

Isolates of Staphylococcus aureus causing bovine mastitis in India." PLoS One., 11, 

e0162256. 

Mohammed, J., Ziwa, M. H., Hounmanou, Y. M. G., Kisanga, A., Tuntufye, H. N. 2018. 

"Molecular Typing and Antimicrobial Susceptibility of Methicillin-Resistant 

Staphylococcus aureus isolated from Bovine Milk in Tanzania." International Journal 

of Microbiology., 2018, 4287431. 

Monecke, S., Slickers, P., Ehricht, R. 2008. "Assignment of Staphylococcus aureus isolates to 

clonal complexes based on microarray analysis and pattern recognition." FEMS 

Medical Microbiology and Immunology., 53, 237-251. 

Montville, T. J., Matthews, K. R. 2008. Food microbiology: An introduction. 2nd edition, ASM 

Press., Washington D.C. 1-430. 

Moodley, A., Espinosa-Gongora, C., Nielsen, S. S., Mccarthy, A. J., Lindsay, J. A., 

Guardabassi, L. 2012. "Comparative host specificity of human- and pig- associated 

Staphylococcus aureus clonal lineages." PLoS One., 7, e49344. 

Moodley, A., Oosthuysen, W. F., Duse, A. G., Marais, E. 2010. "Molecular characterization of 

clinical methicillin-resistant Staphylococcus aureus isolates in South Africa." Journal 

of Clinical Microbiol., 48, 4608-4611. 

Moonga, H. B., Schoustra, S. E., Linnemann A. R., Kuntashula, E., Shindano, J., Smid, J. 2019. 

“The art of mabisi production: A traditional fermented milk”. PLoS One., 14 (3), 

e0213541. 

 

Moser, A., Stephan, R., Corti, S., Johler, S. 2013. "Comparison of genomic and antimicrobial 

resistance features of latex agglutination test-positive and latex agglutination test-

negative Staphylococcus aureus isolates causing bovine mastitis" Journal of Dairy 

Science., 96, 329-34. 

Motaung, T. E., Petrovski, K. R., Petzer, I. M., Thekisoe, O., Tsilo, T. J. 2017. "Importance of 

bovine mastitis in Africa." Animal Health Research Reviews., 18, 58-69. 



108 

 

Moudgil, P., Bedi, J. S., Moudgil, A. D., Gill, J. P. S., Aulakh, R. S. 2018. “Emerging issue of 

antibiotic resistance from food producing animals in India: perspective and legal 

framework.” Food Reviews International., 34 (5), 447-462. 

Mpatswenumugabo, J. P., Bebora, L. C., Gitao, G. C., Mobegi, V. A., Iraguha, B., Kamana, O 

and Shumbusho, B. 2017. "Prevalence of subclinical mastitis and distribution of 

pathogens in dairy farms of Rubavu and Nyabihu Districts, Rwanda." Journal of 

Veterinary Medicine., 8456713. 

Mrochen, D. M., Schulz, D., Fischer, S., Jeske, K., El Gohary, H., Reil, D., Imholt, C., Trube, 

P., Suchomel, J., Tricaud, E., Jacob, J., Heroldova, M., Broker, B. M., Strommenger, 

B., Walther, B., Ulrich, R. G., Holtfreter, S. 2018. "Wild rodents and shrews are 

natural hosts of Staphylococcus aureus." International Journal of Medical 

Microbiology., 308, 590-597. 

Muhammad, K., Altaf, I., Hanif, A., Anjum, A., Tipu, M. Y. 2009. “Monitoring of hygienic 

status of raw milk marketed in Lahore City, Pakistan.” The Journal of Animal and 

Plant Science., 19, 74-77. 

Mumba, C., Pandey, G. S and van der Jagt, C. 2013. “Milk production potential, marketing and 

income opportunities in key traditional cattle keeping areas of Zambia.” Livestock 

Research for Rural Development., 25 (4), 73. 

Mumba, C, Samui, K L, Pandey, G. S, Hang’ombe, B. M, Simuunza, M, Tembo, G., Muliokela, 

S. W. 2011. “Economic analysis of the viability of smallholder dairy farming in 

Zambia.” Livestock Research for Rural Development. 23 (137). 

http://www.lrrd.org/lrrd23/6/mumb23137.html. 

Munera-Bedoya, O. D., Cassoli, L. D., Machado, P. F., Ceron-Munoz, M. F. 2017. "Influence 

of attitudes and behaviour of milkers on the hygienic and sanitary quality of milk." 

PLoS One., 12, e0184640. 

Mungube, E. O., Tenhagen, B. A., Regassa, F., Kyule, M. N., Shiferaw, Y., Kassa, T., 

Baumann, M. P. 2005. "Reduced milk production in udder quarters with subclinical 

mastitis and associated economic losses in crossbred dairy cows in Ethiopia." Tropical 

Animal Health Production., 37, 503-512. 

Munro, P., Benchetrit, M., Nahori, M. A., Stefani, C., Clément, R., Michiels, J. F., Landraud, 

L., Dussurget, O., Lemichez, E. 2010. The Staphylococcus aureus epidermal cell 



109 

 

differentiation inhibitor toxin promotes formation of infection foci in a mouse model 

of bacteremia. Infection and Immunity., 78 (8), 3404–3411.  

Murray, R. J. 2005. "Recognition and management of Staphylococcus aureus toxin-mediated 

disease." International Medical Journal., 35 (Suppl 2), S106-S119. 

Musa, O. I., Akande, T. M. 2003. “Food hygiene practices of food vendors in secondary schools 

in Ilorin.” The Nigerian Postgraduate Medical Journal. 10, 192–196. 

Mwangi, A, Arimi, S. M, Mbugua, S, Kang’ethe, E. K., Omore, A. O., McDermott, J. J. 2000. 

Assuarance of marketed milk quality in Kenya. Paper presented at the Faculty of 

Veterinary Medicine Biennial Scientific Conference, 30-31 August 2000, University 

of Nairobi, Kenya. 

Mweemba, B., Samboko, P., Chapoto, A., Kuteya, A., Kabwe, S., Mofya Mukuka, R., 

Munsaka, E. (2016). The Impact of Power Rationing on Zambia’s Agricultural Sector. 

Nagelkerke, M. M. B., Sikwewa, K., Makowa, D., De Vries, I., Chisi, S., Dorigo-Zetsma, J. 

W. 2017. "Prevalence of antimicrobial drug resistant bacteria carried by in- and 

outpatients attending a secondary care hospital in Zambia." BMC Research Notes., 

10, 378. 

Naidoo, R., Nuttall, J., Whitelaw, A., Eley, B. 2013. "Epidemiology of Staphylococcus aureus 

bacteraemia at a tertiary children's hospital in Cape Town, South Africa." PLoS One., 

8, e78396. 

Nayduch, D., Cho, H., Joyner, C. 2013. "Staphylococcus aureus in the house fly: 

temporospatial fate of bacteria and expression of the antimicrobial peptide defensin." 

Journal of Medical Entomology., 50, 171-8. 

Ndahetuye, J. B., Persson, Y., Nyman, A., Tukei, M., Ongol, M.P., Båge, R. 2019. Aetiology 

and prevalence of subclinical mastitis in dairy herds in pre-urban areas of Kigali in 

Rwanda. Tropical Animal Health Production., 51, 2037–2044. 

Ndambi, O. A., Hemme T., Latacz-Lohmann U. 2007. Dairying in Africa-Status and recent 

developments. Livestock Research for Rural Development. 19, 111. 

Ndungu, T. W., Muliro, P. S., Omwamba, M., Oosterwijk, G., Jansen, A. 2016. Quality control 

of raw milk in the smallholder collection and bulking enterprises in Nakuru and 

Nyandarua Counties, Kenya. African Journal of Food Science., 10, 70–78 

Ndungu, T. W, Omwamba, M., Muliro, P. S., Oosterwijk G. 2006. “Hygiene practices and 

critical control points along the milk collection chains in smallholder collection and 



110 

 

bulk enterprises in Nakuru and Nyandarua Counties, Kenya.” African Journal of Food 

Science, 10, 327–339. 

Neitz, M.H. 1995. “Milk composition and the factors influencing it. Dairying in KwaZulu-

Natal: Agricultural Production Guidelines for KwaZulu-Natal”. Pietermaritzburg: 

Meadow Feeds., 235-239. 

Nema, V., Agrawal, R., Kamboj, D. V., Goel, A. K., Singh, L. 2007. "Isolation and 

characterization of heat resistant enterotoxigenic Staphylococcus aureus from a food 

poisoning outbreak in Indian subcontinent." International Journal of Food 

Microbiology., 117, 29-35. 

Neven, D., Katjiuongua, H., Adjosoediro, I., Reardon, T., Chuzu, P. N., Tembo, G., Ndiyoi, 

M. 2006. Food Sector Transformation and Standards in Zambia: Smallholder farmer 

participation and growth in the Dairy Sector. Michigan State University, Department 

of Agriculture, Food, and Resource Economics, 2- 6. 

Ni Eidhin, D., Perkins, S., Francois, P., Vaudaux, P., Hook, M., Foster, T. J. 1998. "Clumping 

factor B (ClfB), a new surface-located fibrinogen-binding adhesin of Staphylococcus 

aureus." Molecular Microbiology., 30, 245-257. 

Nickerson, S. C. 2009. "Control of heifer mastitis: antimicrobial treatment-an overview." 

Veterinary Microbiology., 134, 128-135. 

Nielsen, C. 2009. Economic impact of mastitis in dairy cows. Diseases. Uppsala: Swedish 

University of Agricultural Sciences, Sweden.  

Nonga, H. E., Simon, C., Karimuribo, E. D., Mdegela, R. H. 2009. "Assessment of 

antimicrobial usage and residues in commercial chicken eggs from smallholder 

poultry keepers in Morogoro municipality, Tanzania." Zoonoses Public Health, 57, 

339-344. 

Normanno, G., Corrente, M., La Salandra, G., Dambrosio, A., Quaglia, N. C., Parisi, A., Greco, 

G., Bellacicco, A. L., Virgilio, S., Celano, G. V. 2007. "Methicillin-resistant 

Staphylococcus aureus (MRSA) in foods of animal origin product in Italy." 

International Journal of Food Microbiology., 117, 219-222. 

Normanno, G., Firinu, A., Virgilio, S., Mula, G., Dambrosio, A., Poggiu, A., Decastelli, L., 

Mioni, R., Scuota, S., Bolzoni, G., Di Giannatale, E., Salinetti, A. P., La Salandra, G., 

Bartoli, M., Zuccon, F., Pirino, T., Sias, S., Parisi, A., Quaglia, N. C., Celano, G. V. 



111 

 

2005. "Coagulase-positive Staphylococci and Staphylococcus aureus in food products 

marketed in Italy." International Journal of Food Microbiology., 98, 73-79. 

Ntshiqa, T., Mpangane, H., Mpambane, D., Moshime, M. 2016. “Staphylococcal foodborne 

illness outbreak, Tshwane District, Gauteng Province - South Africa June 2015.” 

International Journal of Infectious Diseases., 45 (Suppl 1), 235. 

Nurjadi, D., Olalekan, A. O., Layer, F., Shittu, A. O., Alabi, A., Ghebremedhin, B., 

Schaumburg, F., Hofmann-Eifler, J., Van Genderen, P. J., Caumes, E., Fleck, R., 

Mockenhaupt, F. P., Herrmann, M., Kern, W. V., Abdulla, S., Grobusch, M. P., 

Kremsner, P. G., Wolz, C., Zanger, P. 2014. "Emergence of trimethoprim resistance 

gene dfrG in Staphylococcus aureus causing human infection and colonization in sub-

Saharan Africa and its import to Europe." Journal of Antimicrobial Chemotherapy., 

69, 2361-2368. 

Odetokun, I. A., Ballhausen, B., Adetunji, V. O., Ghali-Mohammed, I., Adelowo, M. T., 

Adetunji, S. A., Fetsch, A. 2018. "Staphylococcus aureus in two municipal abattoirs 

in Nigeria: Risk perception, spread and public health implications." Veterinary 

Microbiology., 216, 52-59. 

Okeke, I. N., Laxminarayan, R., Bhutta, Z. A., Duse, A. G., Jenkins, P., O'brien, T. F., Pablos-

Mendez, A., Klugman, K. P. 2005. "Antimicrobial resistance in developing countries. 

Part I: recent trends and current status." Lancet Infectious Diseases., 5, 481-493. 

Olde Riekerink, R. G., Barkema, H. W and Stryhn, H. 2007. "The effect of season on somatic 

cell count and the incidence of clinical mastitis." Journal of Dairy Science., 90, 1704-

1715. 

Oliveira, D. C., Milheirico, C and De Lencastre, H. 2006. "Redefining a structural variant of 

staphylococcal cassette chromosome mec, SCCmec type VI." Antimicrobial Agents 

and Chemotherapy., 50, 3457-3459. 

Oliver, S. P., Boor, K. J., Murphy, S. C., Murinda, S. E. 2009. Food safety hazards associated 

with consumption of raw milk. Foodborne Pathogens and Disease., 6 (7), 793–806. 

Oliver, S. P, Javarao, B. M., Almeida, R. A. 2005. “Food borne pathogens in milk and the dairy 

farm environment: food safety and public health implication.” Foodborne Pathogen 

and Disease., 2 (2), 115–129. 

Ombui, J. N., Kagiko, M. M., Arimi, S. M. 2001. "Foodborne diseases in Kenya." East Africa 

Medical Journal., 78, 40-44. 



112 

 

Ombui, J. N., Macharia, J. K., Nduhiu, G. 1995. "Frequency of antimicrobial resistance and 

plasmid profiles of Escherichia coli strains isolated from milk." East Africa Medical 

Journal., 72, 228-230. 

Omemu, A. M., Aderoju, S. T. 2008. “Food safety knowledge and practices of street food 

vendors in the city of Abeokuta, Nigeria.” Food Control., 19, 396–402. 

Omoe, K., Hu, D. L., Takahashi-Omoe, H., Nakane, A., Shinagawa, K. 2003. "Identification 

and characterization of a new staphylococcal enterotoxin-related putative toxin 

encoded by two kinds of plasmids." Infection and Immunology., 71, 6088-6094. 

Omoe, K., Imanishi, K., Hu, D. L., Kato, H., Fugane, Y., Abe, Y., Hamaoka, S., Watanabe, Y., 

Nakane, A., Uchiyama, T., Shinagawa, K. 2005. "Characterization of novel 

staphylococcal enterotoxin-like toxin type P." Infection and Immunology, 73, 5540-

5546. 

Omuse, G., Van Zyl, K. N., Hoek, K., Abdulgader, S., Kariuki, S., Whitelaw, A., Revathi, G. 

2016. "Molecular characterization of Staphylococcus aureus isolates from various 

healthcare institutions in Nairobi, Kenya: a cross sectional study." Annals of 

Clininical Microbiology Antimicrobials., 15, 51. 

Ondiek, J. O., Ogore, P. B., Shakala, E. K., Kaburu, G. M. 2013. “Prevalence of bovine 

mastitis, its therapeutics and control in Tatton Agriculture Park, Egerton University, 

Njoro District of Kenya.” Basic Research Journal of Agricultural Science and 

Review., 6880, 2 (1), 15-20. 

Ono, H. K., Omoe, K., Imanishi, K., Iwakabe, Y., Hu, D. L., Kato, H., Saito, N., Nakane, A., 

Uchiyama, T., Shinagawa, K. 2008. "Identification and characterization of two novel 

staphylococcal enterotoxins, types S and T." Infection and Immunology., 76, 4999-

5005. 

Orth, H., Dreyer, Z. S., Makgotlho, E., Oosthuysen, W., Sinha, B., Wasserman, E. 2013. 

“Characterisation of Staphylococcus aureus bacteraemia at Tygerberg hospital.” 

Southern African Journal of Epidemiology and Infection., 28 (1), 22-27. 

Otero, A., García, M. L., García, M. C., Moreno, B., Bergdoll, M. S. 1990. “Production of 

staphylococcal enterotoxins C1 and C2 and thermonuclease throughout the growth 

cycle.” Applied Environmental Microbiology., 56, 555–559.  



113 

 

Otero, A., Garcia, M. L., Garcia, M. C., Moreno, B and Bergdoll, M. S. 1990. "Production of 

staphylococcal enterotoxins C1 and C2 and thermonuclease throughout the growth 

cycle." Applied Environmental Microbiology., 56, 555-559. 

Otto M. 2014. “Staphylococcus aureus toxins.” Current Opinion Microbiol., 17, 32–37.  

Otto, M. 2012. "Molecular insight into how MRSA is becoming increasingly dangerous." 

Virulence., 3 (6), 521-523. 

Pal, M. 2018. Significance of Hygienic processing of Milk and Dairy products. Madridge 

Journal of Food Technology., 3, 133-137. 

Palmqvist, N., Foster, T., Tarkowski, A., Josefsson, E. 2002. "Protein A is a virulence factor 

in Staphylococcus aureus arthritis and septic death." Microbial Pathogenesis., 33, 239-

249. 

Panahi, M., Saei, H. D. 2019. "Genetic diversity and methicillin resistance of Staphylococcus 

aureus originating from buffaloes with mastitis in Iran." Comparative Immunology, 

Microbiology and Infectious Diseases., 62, 19-24. 

Pandey, N., Kumari, A., Varma, A. K, Sahu, S., Akbar M. A. 2014. “Impact of applying 

hygienic practices at farm on bacteriological quality of raw milk.” Veterinary World., 

7 (9), 754 – 758. 

Pandey, G. S., Misra, D. S., Mule, D., Mubita, C. 1996. “Studies on sanitatary quality and cell 

count of raw milk from dairy farms supplying milk to Dairy Produce Board in Lusaka, 

Zambia.” Animal Health Production in Africa., 44, 9 – 13. 

Pantosti, A., 2012. "Methicillin-resistant Staphylococcus aureus associated with animals and 

its relevance to human health." Frontiers of Microbiology., 3, 127. 

Paraffin, A. S., Zindove, T. J., Chimonyo, M. 2018. "Perceptions of Factors Affecting Milk 

Quality and Safety among Large- and Small-Scale Dairy Farmers in Zimbabwe", 

Journal of Food Quality., 2018, Article ID 5345874. 

Patel, R. K., Kumar, R., Savalia, C. V., Patel, N. G. 2018. “Isolation of Staphylococcus aureus 

from Raw Cattle Milk and Their Drug Resistance Pattern.” International Journal of 

Current Microbiology and Applied Sciences., 7 (2), 836-840.  

Pekana, A., Green, E. 2018. "Antimicrobial Resistance Profiles of Staphylococcus aureus 

isolated from meat carcasses and bovine milk in abattoirs and dairy farms of the 

Eastern Cape, South Africa." International Journal of Environmental Research and 

Public Health., 15 (10), 2223. 



114 

 

Perovic, O., Koornhof, H., Black, V., Moodley, I., Duse, A., Galpin, J. 2006. "Staphylococcus 

aureus bacteraemia at two academic hospitals in Johannesburg." South Africa 

Medical Journal., 96, 714-717. 

Perry, A. M., Ton-That, H., Mazmanian, S. K., Schneewind, O. 2002. "Anchoring of surface 

proteins to the cell wall of Staphylococcus aureus. III. Lipid II is an in vivo 

peptidoglycan substrate for sortase-catalyzed surface protein anchoring." Journal of 

Biological Chemistry., 277, 16241-16248. 

Petrovi´c, J. M., Kati´c, V. R., Bugarski, D. D. 2008. “Comparative Examination of the 

Analysis of 𝛽-Lactam Antibiotic Residues in Milk by Enzyme, Receptor–Enzyme, 

and Inhibition Procedures.” Food Analytical Methods., 1 (2), 119–125. 

Petzer, I. M., Karzis, J., Watermeyer, J. C., Van Der Schans, T. J., Van Reenen, R. 2009. 

"Trends in udder health and emerging mastitogenic pathogens in South African dairy 

herds." Journal of South Africa Veterinary Association., 80, 17-22. 

Pires, S. M., Vieira, A. R., Hald, T., Cole, D. 2014. "Source attribution of human salmonellosis: 

an overview of methods and estimates." Foodborne Pathogens and Disease., 11, 667-

676. 

Pizon, A. F., Bonner, M. R., Wang, H. E., Kaplan, R. M. 2006. "Ten years of clinical experience 

with adult meningitis at an urban academic medical centre." Journal of Emergency 

Medicine., 30, 367-370. 

Plata, K., Rosato, A. E., Wegrzyn, G. 2009. "Staphylococcus aureus as an infectious agent: 

overview of biochemistry and molecular genetics of its pathogenicity." Acta 

Biochimica Polonica., 56, 597-612. 

Poli, A., Guglielmini, E., Sembeni, S., Spiazzi, M., Dellaglio, F., Rossi, F., Torriani, S. 2007. 

"Detection of Staphylococcus aureus and enterotoxin genotype diversity in Monte 

Veronese, a Protected Designation of Origin Italian cheese." Letters of Applied 

Microbiology., 45, 529-534. 

Phiri, B. S. J., Sakumona, M., Hang’ombe, B.M., Fetsch, A., Schaarschmidt, S.  2021. “The 

traditional dairy value chain in Zambia and potential risk factors to microbiological 

food safety”. Food Control., 124, 107885. 

Qi, Y., Miller, K. J. 2000. "Effect of low water activity on staphylococcal enterotoxin A and B 

biosynthesis." Journal of Food Protection., 63, 473-478. 



115 

 

Rahimi, E. 2013. "Enterotoxigenicity of Staphylococcus aureus isolated from traditional and 

commercial dairy products marketed in Iran." Brazilian Journal of Microbiology., 44, 

393-399. 

Rainard, P., Corrales, J. C., Barrio, M. B., Cochard, T., Poutrel, B. 2003. "Leucotoxic activities 

of Staphylococcus aureus strains isolated from cows, ewes, and goats with mastitis: 

importance of LukM/LukF'-PV leukotoxin." Clinical Diagnostic and Laboratory 

Immunology., 10, 272-277. 

Rainard, P., Foucras, G., Fitzgerald, J. R., Watts, J. L., Koop, G., Middleton, J. R. 2018. 

"Knowledge gaps and research priorities in Staphylococcus aureus mastitis control." 

Transbound Emerging Diseases., 65 (Suppl 1), 149-165. 

Rasigade, J. P., Laurent, F., Hubert, P., Vandenesch, F., Etienne, J. 2010a. "Lethal necrotizing 

pneumonia caused by an ST398 Staphylococcus aureus strain." Emerging Infectious 

Diseases., 16, 1330. 

Rasigade, J. P., Laurent, F., Lina, G., Meugnier, H., Bes, M., Vandenesch, F., Etienne, J., 

Tristan, A. 2010b. "Global distribution and evolution of Panton-Valentine leukocidin-

positive methicillin-susceptible Staphylococcus aureus, 1981-2007." Journal of 

Infectious Disease., 201, 1589-1597. 

Recsei, P., Kreiswirth, B., O'reilly, M., Schlievert, P., Gruss, A., Novick, R. P. 1986. 

"Regulation of exoprotein gene expression in Staphylococcus aureus by agar." 

Molecular Genectics and Genomics., 202, 58-61. 

Reta, M. A., Bereda, T. W., Alemu, A. N. 2016. "Bacterial contaminations of raw cow’s milk 

consumed at Jigjiga City of Somali Regional State, Eastern Ethiopia." International 

Journal of Food Contamination., 3, 4. 

Risley, A. L., Loughman, A., Cywes-Bentley, C., Foster, T. J., Lee, J. C. 2007. "Capsular 

polysaccharide masks clumping factor A-mediated adherence of Staphylococcus 

aureus to fibrinogen and platelets." Journal of Infectious Diseases., 196, 919-927. 

Roux, A., Todd, D. A., Velazquez, J. V., Cech, N. B., Sonenshein, A. L. 2014. "CodY-mediated 

regulation of the Staphylococcus aureus Agr system integrates nutritional and 

population density signals." Journal of Bacteriology., 196, 1184-1196. 

Ruffing, U., Alabi, A., Kazimoto, T., Vubil, D. C., Akulenko, R., Abdulla, S., Alonso, P., 

Bischoff, M., Germann, A., Grobusch, M. P., Helms, V., Hoffmann, J., Kern, W. V., 

Kremsner, P. G., Mandomando, I., Mellmann, A., Peters, G., Schaumburg, F., 



116 

 

Schubert, S., Strauss, L., Tanner, M., Briesen, H. V., Wende, L., Muller, L. V., 

Herrmann, M. 2017. "Community-Associated Staphylococcus aureus from Sub-

Saharan Africa and Germany: A Cross-Sectional Geographic Correlation Study." 

Scientific Reports., 7, 154. 

Ruimy, R., Angebault, C., Djossou, F., Dupont, C., Epelboin, L., Jarraud, S., Lefevre, L. A., 

Bes, M., Lixandru, B. E., Bertine, M., El Miniai, A., Renard, M., Bettinger, R. M., 

Lescat, M., Clermont, O., Peroz, G., Lina, G., Tavakol, M., Vandenesch, F., Van 

Belkum, A., Rousset, F., Andremont, A. 2010. "Are host genetics the predominant 

determinant of persistent nasal Staphylococcus aureus carriage in humans?" Journal 

of Infectious Diseases., 202, 924-934. 

Ruimy, R., Maiga, A., Armand-Lefevre, L., Maiga, I., Diallo, A., Koumare, A. K., Ouattara, 

K., Soumare, S., Gaillard, K., Lucet, J. C., Andremont, A., Feil, E. J. 2008. "The 

carriage population of Staphylococcus aureus from Mali is composed of a 

combination of pandemic clones and the divergent Panton-Valentine leukocidin-

positive genotype ST152." Journal of Bacteriology., 190, 3962-3968. 

Ryan, K. J and Ray, C. G. (Eds.). 2004. Sherris Medical Microbiology. 4th Edition, McGraw 

Hill, New York. 

Sachi, S., Ferdous, J., Sikder, M. H., Azizul Karim Hussani, S. M. 2019. Antibiotic residues in 

milk: Past, present, and future. Journal of Advanced Veterinary and Animal Research., 

6 (3), 315–332.  

Sakr, A., Brégeon, F., Mège, J. L., Rolain, J. M., Blin, O. 2018. Staphylococcus aureus Nasal 

Colonization: An Update on Mechanisms, Epidemiology, Risk Factors, and 

Subsequent Infections. Frontiers in Microbiology., 9, 2419.  

Sakwinska, O., Giddey, M., Moreillon, M., Morisset, D., Waldvogel, A., Moreillon, P. 2011. 

"Staphylococcus aureus host range and human-bovine host shift." Applied 

Environmental Microbiology., 77, 5908-5915. 

Samutela, M. T., Kalonda, A., Mwansa, J., Lukwesa-Musyani, C., Mwaba, J., Mumbula, E. 

M., Mwenya, D., Simulundu, E., Kwenda, G. 2017. "Molecular characterisation of 

methicillin-resistant Staphylococcus aureus (MRSA) isolated at a large referral 

hospital in Zambia." Pan African Medical Journal., 26, 108. 



117 

 

Sanaa, M., Poutrel, B., Menard, J. L., Serieys, F. 1993. "Risk factors associated with 

contamination of raw milk by Listeria monocytogenes in dairy farms." Journal of 

Dairy Science, 76, 2891-2898. 

Sarkar, P., Mohanta, D., Debnath, C. 2014. “Staphylococcus aureus in dairy animals and farm 

workers in a closed herd in Karnal, North India: Assessment of prevalence rate and 

COA variations.” International Journal for Innovative Research in Sciience 

Engineering and Technology., 3 (4), 10962-10972 

Seyoum, E. T., Mekonene, T. K., Woldetsadik, D. A., Zewudie, B. M., Gebreyes, W. A. 2016. 

Enterotoxin gene profile of Staphylococcus aureus isolates recovered from bovine 

milk produced in central Ethiopia. Journal of Infection in Developing Countries., 10 

(2), 138-42.  

Schaumburg, F., Alabi, A. S., Kock, R., Mellmann, A., Kremsner, P. G., Boesch, C., Becker, 

K., Leendertz, F. H., Peters, G. 2012a. "Highly divergent Staphylococcus aureus 

isolates from African non-human primates." Environmental Microbiology Reports., 

4, 141-146. 

Schaumburg, F., Alabi, A. S., Peters, G., Becker, K. 2014. "New epidemiology of 

Staphylococcus aureus infection in Africa." Clinical Microbiology and Infections., 20, 

589-96. 

Schaumburg, F., Gast, B., Sannon, H., Mellmann, A., Becker, K. 2015a. "Is Africa the origin 

of major Haitian Staphylococcus aureus lineages?" International Journal of Infectious 

Diseases., 34, 1-2. 

Schaumburg, F., Kock, R., Friedrich, A. W., Soulanoudjingar, S., Ngoa, U. A., Von Eiff, C., 

Issifou, S., Kremsner, P. G., Herrmann, M., Peters, G., Becker, K. 2011a. "Population 

structure of Staphylococcus aureus from remote African Babongo Pygmies." PLoS 

Neglected Tropical Diseases., 5, e1150. 

Schaumburg, F., Mugisha, L., Kappeller, P., Fichtel, C., Kock, R., Kondgen, S., Becker, K., 

Boesch, C., Peters, G., Leendertz, F. 2013. "Evaluation of non-invasive biological 

samples to monitor Staphylococcus aureus colonization in great apes and lemurs." 

PLoS One., 8, e78046. 

Schaumburg, F., Mugisha, L., Peck, B., Becker, K., Gillespie, T. R., Peters, G., Leendertz, F. 

H. 2012b. "Drug-resistant human Staphylococcus aureus in sanctuary apes pose a 



118 

 

threat to endangered wild ape populations." American Journal Primatology., 74, 1071-

1075. 

Schaumburg, F., Ngoa, U. A., Kosters, K., Kock, R., Adegnika, A. A., Kremsner, P. G., Lell, 

B., Peters, G., Mellmann, A., Becker, K. 2011b. "Virulence factors and genotypes of 

Staphylococcus aureus from infection and carriage in Gabon." Clinical Microbiology 

and Infection., 17, 1507-1513. 

Schaumburg, F., Pauly, M., Anoh, E., Mossoun, A., Wiersma, L., Schubert, G., Flammen, A., 

Alabi, A. S., Muyembe-Tamfum, J. J., Grobusch, M. P., Karhemere, S., Akoua-Koffi, 

C., Couacy-Hymann, E., Kremsner, P. G., Mellmann, A., Becker, K., Leendertz, F. 

H., Peters, G. 2015b. "Staphylococcus aureus complex from animals and humans in 

three remote African regions." Clinical Microbiology and Infection, 21 (4), 345.e1-

345.e8. 

Schlesinger, L. S., Ross, S. C., Schaberg, D. R. 1987. "Staphylococcus aureus meningitis: a 

broad-based epidemiologic study." Medicine (Baltimore), 66, 148-156. 

Schmidt, T., Kock, M. M., Ehlers, M. M. 2017. "Molecular Characterization of Staphylococcus 

aureus isolated from Bovine Mastitis and Close Human Contacts in South African 

Dairy Herds: Genetic Diversity and Inter-Species Host Transmission." Frontiers of 

Microbiology., 8, 511. 

Schneewind, O., Fowler, A and Faull, K. F. 1995. "Structure of the cell wall anchor of surface 

proteins in Staphylococcus aureus." Science., 268, 103-106. 

Schneewind, O., Model, P.,  Fischetti, V. A. 1992. "Sorting of protein A to the staphylococcal 

cell wall" Cell., 70, 267-281. 

Seni, J., Bwanga, F., Najjuka, C. F., Makobore, P., Okee, M., Mshana, S. E., Kidenya, B. R., 

Joloba, M. L., Kateete, D. P. 2013. "Molecular characterization of Staphylococcus 

aureus from patients with surgical site infections at Mulago Hospital in Kampala, 

Uganda." PLoS One., 8, e66153. 

Seo, K. S., Bohach G. A. 2007. Staphylococcus aureus. Chapter 22 In: Doyle MP, Beuchat LR 

(eds) Food microbiology: Fundamentals and frontiers. 3rd ed, ASM Press, 

Washington D.C. 493–518 

Seyoum, B., Kefyalew, H., Abera, B., Abdela, N. 2018. "Prevalence, risk factors and 

antimicrobial susceptibility test of Staphylococcus aureus in Bovine cross breed 



119 

 

mastitic milk in and around Asella town, Oromia regional state, southern Ethiopia." 

Acta Tropica., 177, 32-36. 

Sheehy, S. H., Atkins, B. A., Bejon, P., Byren, I., Wyllie, D., Athanasou, N. A., Berendt, A. 

R., Mcnally, M. A. 2010. "The microbiology of chronic osteomyelitis: prevalence of 

resistance to common empirical anti-microbial regimens" Journal of Infections., 60, 

338-343. 

Shitandi, A and Sternesjö, Å. 2004. “Prevalence of multidrug resistant Staphylococcus aureus 

in milk from large and small scale producers in Kenya.” Journal of Dairy Science., 87 

(12), 4145-4149. 

Shitandi, A. Risk factors and control strategies of antibiotic residues in milk at farm level in 

Kenya, PhD Thesis, Swedish University of Agricultural Sciences, Uppsala, Sweden, 

2004. 

Shittu, A. O., Okon, K., Adesida, S., Oyedara, O., Witte, W., Strommenger, B., Layer, F., 

Nubel, U. 2011. "Antibiotic resistance and molecular epidemiology of Staphylococcus 

aureus in Nigeria." BMC Microbiology., 11, 92. 

Shittu, A., Nubel, U., Udo, E., Lin, J., Gaogakwe, S. 2009. "Characterization of meticillin-

resistant Staphylococcus aureus isolates from hospitals in KwaZulu-Natal province, 

Republic of South Africa." Journal of Medical Microbiology., 58, 1219-1226. 

Shopsin, B., Gomez, M., Montgomery, S. O., Smith, D. H., Waddington, M., Dodge, D. E., 

Bost, D. A., Riehman, M., Naidich, S., Kreiswirth, B. N. 1999. "Evaluation of protein 

A gene polymorphic region DNA sequencing for typing of Staphylococcus aureus 

strains." Journal of Clinical Microbiology., 37, 3556-3563. 

Shore, A. C., Deasy, E. C., Slickers, P., Brennan, G., O'connell, B., Monecke, S., Ehricht, R., 

Coleman, D. C. 2011. "Detection of staphylococcal cassette chromosome mec type 

XI carrying highly divergent mecA, mecI, mecR1, blaZ, and ccr genes in human 

clinical isolates of clonal complex 130 methicillin-resistant Staphylococcus aureus." 

Antimicrobial Agents and Chemotherapy., 55, 3765-3773. 

Sigauque, B., Roca, A., Mandomando, I., Morais, L., Quinto, L., Sacarlal, J., Macete, E., 

Nhamposa, T., Machevo, S., Aide, P., Bassat, Q., Bardaji, A., Nhalungo, D., Soriano-

Gabarro, M., Flannery, B., Menendez, C., Levine, M. M., Alonso, P. L. 2009. 

"Community-acquired bacteraemia among children admitted to a rural hospital in 

Mozambique." Pediatric Infectious Disease Journal., 28, 108-113. 



120 

 

Singh, S., Shukla, S., Tandia, N., Kumar, N., Paliwal R. 2014. Antibiotic residues- a global 

challenge. Pharma Science Monitor., 5 (3), 184-197.  

Smith, R and Coast, J. 2013. "The true cost of antimicrobial resistance." Bmj, 346, f1493. 

Smith, T. C., Pearson, N. 2011. "The emergence of Staphylococcus aureus ST398." Vector 

Borne Zoonotic Diseases., 11, 327-39. 

Smyth, D. S., Feil, E. J., Meaney, W. J., Hartigan, P. J., Tollersrud, T., Fitzgerald, J. R., Enright, 

M. C., Smyth, C. J. 2009. "Molecular genetic typing reveals further insights into the 

diversity of animal-associated Staphylococcus aureus." Journal of Medical 

Microbiology., 58, 1343-1353. 

Spaan, A. N., van Strijp, J. A. G., Torres, V. J. 2017. “Leukocidins: Staphylococcal bi-

component pore-forming toxins find their receptors.” Nature Reviews Microbiology., 

15 (7), 435–447. 

Srinivasan, V., Sawant, A. A., Gillespie, B. E., Headrick, S. J., Ceasaris, L., Oliver, S. P. 2006. 

"Prevalence of enterotoxin and toxic shock syndrome toxin genes in Staphylococcus 

aureus isolated from milk of cows with mastitis." Foodborne Pathogens and Disease., 

3, 274-283. 

Stegger, M., Wirth, T., Andersen, P. S., Skov, R. L., De Grassi, A., Simoes, P. M., Tristan, A., 

Petersen, A., Aziz, M., Kiil, K., Cirkovic, I., Udo, E. E., Del Campo, R., Vuopio-

Varkila, J., Ahmad, N., Tokajian, S., Peters, G., Schaumburg, F., Olsson-Liljequist, 

B., Givskov, M., Driebe, E. E., Vigh, H. E., Shittu, A., Ramdani-Bougessa, N., 

Rasigade, J. P., Price, L. B., Vandenesch, F., Larsen, A. R., Laurent, F., 2014. "Origin 

and evolution of European community-acquired methicillin-resistant Staphylococcus 

aureus." mBio, 5, 10. 

Steinhaus, N., Al-Talib, M., Ive, P., Boyles, T., Bamford, C., Davies, M. A., Mendelson, M., 

Wasserman, S. 2018. "The management and outcomes of Staphylococcus aureus 

bacteraemia at a South African referral hospital: A prospective observational study." 

International Journal of Infectious Diseases., 73, 78-84. 

Stewart C. M. 2003. Staphylococcus aureus and staphylococcal enterotoxins. Chapter 12 In: 

Hocking AD (ed) Foodborne microorganisms of public health significance. 6th ed, 

Australian Institute of Food Science and Technology (NSW Branch), Sydney, 359–

380. 



121 

 

Stewart, G.C. 2005. Staphylococcus aureus. In Foodborne pathogens: Microbiology and 

Molecular Biology; Fratamico, P. M., Bhunia, A. K., Smith, J. L. 2005. Eds.; Caister 

Academic Press: Norfolk, UK, 273–284.  

Stone, S. P., Fuller, C., Savage, J., Cookson, B., Hayward, A., Cooper, B., Duckworth, G., 

Michie, S., Murray, M., Jeanes, A., Roberts, J., Teare, L., Charlett, A. 2012. 

"Evaluation of the national Cleanyourhands campaign to reduce Staphylococcus 

aureus bacteraemia and Clostridium difficile infection in hospitals in England and 

Wales by improved hand hygiene: four years prospective, ecological, interrupted time 

series study." BMJ., 344, e3005. 

Stryjewski, M. E., Chambers, H. F. 2008. "Skin and soft-tissue infections caused by 

community-acquired methicillin-resistant Staphylococcus aureus." Clinical Infectious 

Diseases., 5 (Suppl 46), S368-S377. 

Sumby, P., Waldor, M. K. 2003. "Transcription of the toxin genes present within the 

Staphylococcal phage phiSa3ms is intimately linked with the phage's life cycle." 

Journal of Bacteriology., 185, 6841-6851. 

Sung, J. M., Lloyd, D. H., Lindsay, J. A. 2008. "Staphylococcus aureus host specificity: 

comparative genomics of human versus animal isolates by multi-strain microarray" 

Microbiology., 154, 1949-1959. 

Swai, E. S., Schoonman, L. 2011. “Microbial quality and associated health risks of raw milk 

marketed in the Tanga region of Tanzania.” Asia Paciffic Journal of Biomedical, 1, 

217–222. 

Switalski, L. M., Patti, J. M., Butcher, W., Gristina, A. G., Speziale, P., Hook, M. 1993. "A 

collagen receptor on Staphylococcus aureus strains isolated from patients with septic 

arthritis mediates adhesion to cartilage." Molecular Microbiology., 7, 99-107. 

Szmigielski, S., Sobiczewska, E., Prevost, G., Monteil, H., Colin, D. A., Jeljaszewicz, J. 1998. 

"Effect of purified staphylococcal leukocidal toxins on isolated blood 

polymorphonuclear leukocytes and peritoneal macrophages in vitro." Zentralbl für 

Bakteriologie., 288, 383-394. 

Taha, A. E., Badr, M. F., El-Morsy, F. E., Hammad, E. 2019. "Report of beta-lactam antibiotic-

induced vancomycin-resistant Staphylococcus aureus from a university hospital in 

Egypt." New Microbes New Infections., 29, 100507. 



122 

 

Tasnim, U. T., Islam M. T. 2015. “Pathogenic and drug resistant bacteria in raw milk of Jessore 

city. A potential food safety threat.” Bangladesh Journal of Veterinary Medicine. 13 

(1), 71-78. 

Tegegne, H. A., Kolackova, I., Karpiskova, R. 2017. "Diversity of livestock associated 

methicillin-resistant Staphylococcus aureus." Asian Pacific Journal of Tropical 

Medicine., 10, 929-931. 

Tenhagen, B. A., Vossenkuhl, B., Kasbohrer, A., Alt, K., Kraushaar, B., Guerra, B., Schroeter, 

A., Fetsch, A. 2014. "Methicillin-resistant Staphylococcus aureus in cattle food chains 

- prevalence, diversity, and antimicrobial resistance in Germany." Journal of Animal 

Science, 92, 2741-2751. 

Thaker, H. C., Brahmbhatt, M. N., Nayak, J. B. 2013. “Isolation and identification of 

Staphylococcus aureus from milk and milk products and their drug resistance patterns 

in Anand, Gujarat.” Veterinary World., 6(1), 10-13. 

Thomas, D. Y., Jarraud, S., Lemercier, B., Cozon, G., Echasserieau, K., Etienne, J., Gougeon, 

M. L., Lina, G., Vandenesch, F. 2006. "Staphylococcal enterotoxin-like toxins U2 and 

V, two new staphylococcal superantigens arising from recombination within the 

enterotoxin gene cluster." Infection and Immunology., 74, 4724-4734. 

Tiemersma, E. W., Bronzwaer, S. L., Lyytikainen, O., Degener, J. E., Schrijnemakers, P., 

Bruinsma, N., Monen, J., Witte, W and Grundman, H. 2004. "Methicillin-resistant 

Staphylococcus aureus in Europe, 1999-2002." Emerging Infectious Diseases., 10, 

1627-1634. 

Tigabu, E., Asrat, D., Kassa, T., Sinmegn, T., Molla B., Gebreyes W. 2015. “Assessment of 

risk factors in milk contamination with Staphylococcus aureus in urban and peri-urban 

smallholder dairy farming in Central Ethiopia.” Zoonoses and Public Health., 62, 637–

643. 

Tigabu, E., Kassa, T., Asrat, D., Alemayehu, H., Sinmegn, T., Adkins, P. R. F., Gebreyes, W. 

2015. “Phenotypic and genotypic characterization of Staphylococcus aureus isolates 

recovered from bovine milk in central highlands of Ethiopia.” African Journal of 

Microbiology Research., 9, 2209-2217. 

Tondo, E. C., Guimaraes, M. C., Henriques, J. A., Ayub, M. A. 2000. "Assessing and analysing 

contamination of a dairy products processing plant by Staphylococcus aureus using 

antibiotic resistance and PFGE." Canadian Journal of Microbiol., 46, 1108-1114. 



123 

 

Tong, S. Y., Davis, J. S., Eichenberger, E., Holland, T. L., Fowler, V. G., Jr. 2015. 

"Staphylococcus aureus infections: epidemiology, pathophysiology, clinical 

manifestations, and management." Clinical Microbiology Reviews., 28, 603-610. 

Torda, A. J., Gottlieb, T., Bradbury, R. 1995. "Pyogenic vertebral osteomyelitis: analysis of 20 

cases and review." Clinical Infectious Diseases., 20, 320-328. 

Tranter, H. S. 1990. "Foodborne staphylococcal illness." Lancet, 336, 1044-1046. 

Umaru, G. A., Kabir, J., Umoh, V. J., Bello, M., Kwaga, J. K. 2017. Methicillin-resistant 

Staphylococcus aureus (MRSA) in fresh and fermented milk in Zaria and Kaduna, 

Nigeria. International. Journal of. Drug Research and Technology., 3, 8. 

Untermann, F., Muller, C. 1992. "Influence of water activity (aw) value and storage 

temperature on the multiplication and enterotoxin formation of staphylococci in dry-

cured raw hams." International Journal of Food Microbiology., 16, 109-115. 

Valsangiacomo, C., Dolina, M., Peduzzi, R., Jäggli, M. 2000. “Antimicrobial susceptibility of 

Staphylococcus aureus isolates from hospitalized patients and dairy food (fresh 

cheese): A survey over a decade in southern Switzerland.” Clinical Microbiology 

Infection., 6, 393–394.  

Van Belkum, A., Melles, D. C., Snijders, S. V., Van Leeuwen, W. B., Wertheim, H. F., 

Nouwen, J. L., Verbrugh, H. A., Etienne, J. 2006. "Clonal distribution and differential 

occurrence of the enterotoxin gene cluster, egc, in carriage- versus bacteraemia-

associated isolates of Staphylococcus aureus." Journal of Clinical Microbiology., 44, 

1555-1557. 

Van Boeckel, T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, T. P., 

Teillant, A., Laxminarayan, R. 2015. "Global trends in antimicrobial use in food 

animals." Proc Natl Acad Sci U S A., 112, 5649-5654. 

Van Cleef, B. A., Graveland, H., Haenen, A. P., Van De Giessen, A. W., Heederik, D., 

Wagenaar, J. A., Kluytmans, J. A. 2011. "Persistence of livestock-associated 

methicillin-resistant Staphylococcus aureus in field workers after short-term 

occupational exposure to pigs and veal calves." Journal of Clinical Microbiology., 49, 

1030-1033. 

Van Loo, I., Huijsdens, X., Tiemersma, E., De Neeling, A., Van De Sande-Bruinsma, N., 

Beaujean, D., Voss, A., Kluytmans, J. 2007. "Emergence of methicillin-resistant 



124 

 

Staphylococcus aureus of animal origin in humans." Emerging Infectious Disease., 

13, 1834-1839. 

Van Wamel, W. J., Rooijakkers, S. H., Ruyken, M., Van Kessel, K. P., Van Strijp, J. A. 2006. 

"The innate immune modulators staphylococcal complement inhibitor and chemotaxis 

inhibitory protein of Staphylococcus aureus are located on beta-hemolysin-converting 

bacteriophages." Journal Bacteriology., 188, 1310-1315. 

Vancraeynest, D., Haesebrouck, F., Deplano, A., Denis, O., Godard, C., Wildemauwe, C., 

Hermans, K. 2006. "International dissemination of a high virulence rabbit 

Staphylococcus aureus clone." Journal of Veterinary Medicine, series B., 53, 418-422. 

Vandendriessche, S., De Boeck, H., Deplano, A., Phoba, M. F., Lunguya, O., Falay, D., Dauly, 

N., Verhaegen, J., Denis, O., Jacobs, J. 2017. "Characterisation of Staphylococcus 

aureus isolates from bloodstream infections, Democratic Republic of Congo." 

European Journal of Clinical Microbiology and Infectious Diseases., 36, 1163-1171. 

Vandenesch, F., Lina, G., Henry, T. 2012. “Staphylococcus aureus hemolysins, bi-component 

leukocidins, and cytolytic peptides: a redundant arsenal of membrane-damaging 

virulence factors?” Frontiers in Cellular and Infection Microbiology., 2, 12.  

Vandenesch, F., Naimi, T., Enright, M. C., Lina, G., Nimmo, G. R., Heffernan, H., Liassine, 

N., Bes, M., Greenland, T., Reverdy, M. E., Etienne, J. 2003. "Community-acquired 

methicillin-resistant Staphylococcus aureus carrying Panton-Valentine leukocidin 

genes: worldwide emergence." Emerging Infectious Disease., 9, 978-984. 

Vasquez, M. T., Lubkin, A., Reyes-Robles, T., Day, C. J., Lacey, K. A., Jennings, M. P., 

Torres, V. J. 2020. Identification of a domain critical for Staphylococcus 

aureus LukED receptor targeting and lysis of erythrocytes. Journal of Biological 

Chemistry., 295 (50):17241-17250. 

Velasco, V., Vergara, J. L., Bonilla, A. M., Munoz, J., Mallea, A., Vallejos, D., Quezada-

Aguiluz, M., Campos, J., Rojas-Garcia, P. 2018. "Prevalence and characterization of 

Staphylococcus aureus strains in the pork chain supply in Chile." Foodborne 

Pathogens and Disease., 15, 262-268. 

Venkatasubramaniam, A., Kanipakala, T., Canjbaksh, N., Bae, T., Javad Aman, M., Adhikari, 

R. P. .2018. “A critical role for HlgA in Staphylococcus aureus pathogenesis revealed 

by A switch in the SaeRS two-component regulatory system.” Toxins (Basel), 10 (9), 

377. 

https://www.mdpi.com/2072-6651/10/9/377
https://www.mdpi.com/2072-6651/10/9/377


125 

 

Verkade, E., Kluytmans, J. 2014. "Livestock-associated Staphylococcus aureus CC398: animal 

reservoirs and human infections." Infection Genetics and Evolution., 21, 523-530. 

Verkaik, N. J., Benard, M., Boelens, H. A., De Vogel, C. P., Nouwen, J. L., Verbrugh, H. A., 

Melles, D. C., Van Belkum, A., Van Wamel, W. J. 2011. "Immune evasion cluster-

positive bacteriophages are highly prevalent among human Staphylococcus aureus 

strains, but they are not essential in the first stages of nasal colonization." Clinical 

Microbiology and Infection., 17, 343-348. 

Viguier, C., Arora, S., Gilmartin, N., Welbeck, K., O'kennedy, R. 2009. "Mastitis detection: 

current trends and future perspectives." Trends in Biotechnology., 27, 486-493. 

Von Eiff, C., Becker, K., Machka, K., Stammer, H., Peters, G. 2001. "Nasal carriage as a source 

of Staphylococcus aureus bacteraemia. Study Group." New England Journal 

Medicine., 344 (1), 11-16. 

Von Eiff, C., Friedrich, A. W., Peters, G., Becker, K. 2004. "Prevalence of genes encoding for 

members of the staphylococcal leukotoxin family among clinical isolates of 

Staphylococcus aureus." Diagnostic Microbiology and Infectious Disease., 49, 157-

162. 

Voss, A., Loeffen, F., Bakker, J., Klaassen, C., Wulf, M., 2005. "Methicillin-resistant 

Staphylococcus aureus in pig farming." Emerging Infectious Disease., 11, 1965-1966. 

Vossenkuhl, B., Brandt, J., Fetsch, A., Kasbohrer, A., Kraushaar, B., Alt, K., Tenhagen, B. A. 

2014. "Comparison of spa types, SCCmec types and antimicrobial resistance profiles 

of MRSA isolated from turkeys at farm, slaughter and from retail meat indicates 

transmission along the production chain." PLoS One., 9, e96308. 

Votintseva, A. A., Fung, R, Miller, R. R., Knox, K, Godwin, H., Wyllie, D. H, Bowden, R., 

Crook, D.W., Walker A. S. 2014. Prevalence of Staphylococcus aureus protein A 

(spa) mutants in the community and hospitals in Oxfordshire. BMC Microbiology. 12; 

14:63. 

Vrieling, M., Boerhout, E. M., Van Wigcheren, G. F., Koymans, K. J., Mols-Vorstermans, T. 

G., De Haas, C. J., Aerts, P. C., Daemen, I. J., Van Kessel, K. P., Koets, A. P., Rutten, 

V. P., Nuijten, P. J., Van Strijp, J. A., Benedictus, L. 2016. "LukMF' is the major 

secreted leukocidin of bovine Staphylococcus aureus and is produced in vivo during 

bovine mastitis." Science Reports., 6, 37759. 



126 

 

Vubil, D., Garrine, M., Ruffing, U., Acacio, S., Sigauque, B., Alonso, P. L., Von Muller, L., 

Herrmann, M., Mandomando, I. 2017. "Molecular characterization of community 

acquired Staphylococcus aureus bacteraemia in young children in Southern 

Mozambique, 2001-2009." Frontiers of Microbiology., 8, 730. 

Wainwright, M., Lederberg, J. 1992. “History of microbiology.” Encyclopedia Microbiology, 

2, 419-437. 

 

Walther, B., Monecke, S., Ruscher, C., Friedrich, A. W., Ehricht, R., Slickers, P., Soba, A., 

Wleklinski, C. G., Wieler, L. H., Lubke-Becker, A. 2009. "Comparative molecular 

analysis substantiates zoonotic potential of equine methicillin-resistant 

Staphylococcus aureus." Journal of Clinical Microbiology., 47, 704-710. 

Waness, A. 2010. "Revisiting methicillin-resistant Staphylococcus aureus infections." Journal 

of Global Infectious Diseases., 2, 49-56. 

Wang, D., Wang, Z., Yan, Z., Wu, J., Ali, T., Li, J., Lv, Y., Han, B. 2015. "Bovine mastitis 

Staphylococcus aureus: antibiotic susceptibility profile, resistance genes and 

molecular typing of methicillin-resistant and methicillin-sensitive strains in China." 

Infection, Genetics and Evolution., 31, 9-16. 

Wayua, F. O., Okoth, M. W., Wangoh, J. 2012. “Survey of postharvest handling, preservation 

and processing practices along the camel milk chain in Isiolo district, Kenya.” African 

Journal of Food, Agriculture Nutrition and Development., 12, 6897–6912. 

Weidel, W., Pelzer, H. 1964. "Bagshaped macromolecules--a new outlook on bacterial cell 

walls." Advances in Enzymology and Related Subjects of Biochemistry., 26, 193-232. 

Weterings, V., Bosch, T., Witteveen, S., Landman, F., Schouls, L., Kluytmans, J. 2017. "Next-

generation sequence analysis reveals transfer of methicillin resistance to a methicillin-

susceptible Staphylococcus aureus strain that subsequently caused a methicillin-

resistant Staphylococcus aureus outbreak: A descriptive study." Journal of Clinical 

Microbiology., 55, 2808-2816.  

Wick, R. R., Judd, L. M., Gorrie, C. L., Holt, K.E. 2017. “Unicycler: Resolving bacterial 

genome assemblies from short and long sequencing reads.” PLoS Computation 

Biology., 13, e1005595. 

Wiseman, L. R., Balfour, J. A. 1974. Ciprofloxacin. A review of its pharmacological profile 

and therapeutic use in the elderly. Drugs and Aging., 4 (2):145-173. 



127 

 

Witte, W., Strommenger, B., Stanek, C., Cuny, C. 2007. "Methicillin-resistant Staphylococcus 

aureus ST398 in humans and animals, Central Europe." Emerging Infectious 

Diseases., 13, 255-258. 

Worku, T., Gobena, E. N., Nurfeta, A., Gebreslase, H. 2014. “Milk handling practices and its 

challenges in Borana Pastoral Community, Ethiopia.” Acadamic Journals, 9 (15), 

1192–1199. 

World Bank. 2011. Jobs, prosperity and competitiveness: what would it take for the cattle 

industry to achieve its potential? A final report. Sponsored by World Bank, DFID and 

AfDB. 

World Bank. 2013. Choma Milk Collection Centre evolves into a Cooperative owned Dairy 

Processing Plant. A report. Sponsored by Market Improvement and Innovation 

Facility (MIIF) and Agriculture Development Support Programme (ADSP). 

World Health Organisation (WHO). 2015. Estimates of Global Burden of Foodborne diseases. 

Foodborne Disease Burden Working group 2007-2015. 

Wu, S., Duan, N., Gu, H., Hao, L., Ye, H., Gong, W., Wang, Z. 2016. "A review of the methods 

for detection of Staphylococcus aureus enterotoxins." Toxins (Basel)., 8 (7), 176. 

Wubete, A. 2004. Bacteriological quality of bovine milk in smallholder dairy farms in Debre 

Zeit, Ethiopia. MSc thesis, University of Addis Ababa, Ethiopia, 34–48 

Wulf, M and Voss, A., 2008. "MRSA in livestock animals-an epidemic waiting to happen?" 

Clinical Microbiology and Infection., 14, 519-521. 

Wulf, M., Van Nes, A., Eikelenboom-Boskamp, A., De Vries, J., Melchers, W., Klaassen, C., 

Voss, A. 2006. "Methicillin-resistant Staphylococcus aureus in veterinary doctors and 

students, the Netherlands." Emerging Infectious Diseases., 12, 1939-1941. 

Wyllie, D. H., Peto, T. E., Crook, D. 2005. "MRSA bacteraemia in patients on arrival in 

hospital: a cohort study in Oxfordshire 1997-2003." BMJ., 331, 992. 

Yambayamba K. E. S., Zulu M. P. 2011. “Influence of the milking environment on the 

microbiological quality of raw milk produced by smallholder farmers in Magoye.” 

UNZA Journal of Science and Technology., 15, 37-43. 

Yarwood, J. M., Mccormick, J. K., Paustian, M. L., Orwin, P. M., Kapur, V., Schlievert, P. M. 

2002. "Characterization and expression analysis of Staphylococcus aureus 

pathogenicity island 3. Implications for the evolution of staphylococcal pathogenicity 

islands." Journal of Biological Chemistry., 277, 13138-13147. 



128 

 

Youn, J. H., Park, Y. H., Hang'ombe, B and Sugimoto, C. 2014. "Prevalence and 

characterization of Staphylococcus aureus and Staphylococcus pseudintermedius 

isolated from companion animals and environment in the veterinary teaching hospital 

in Zambia, Africa." Comparative Immunology, Microbiology and Infectious 

Diseases., 37, 123-130. 

Younan, M. 2004. Milk Hygiene and Udder Health 4.1 Milk Hygiene. Milk and Meat from the 

camel, handbook on product and processing. 

Yuen, K., Yee, C. F., Yin, F. H. 2012. “Microbiological quality and the impact of hygienic 

practices on the raw milk obtained from the small-scale dairy farmers in Sabah, 

Malaysia.” International Journal of Agriculture and Food Science., 2, 55-59.  

Zalalem, Y. 2012. Microbial properties of Ethiopian marketed milk and milk products and 

associated critical points of contamination: an epidemiological perspective, 

epidemiology insights. Dr. Maria De Lourdes Ribeiro De Souza Da Cunha (Edn), 

298–322. 

Zecconi, A., Cesaris, L., Liandris, E., Dapra, V., Piccinini, R. 2006. "Role of several 

Staphylococcus aureus virulence factors on the inflammatory response in bovine 

mammary gland." Microbial Pathogenesis., 40, 177-83. 

Zeinhom, M. M., Abdel Aziz, R. L., Mohammed, A. N., Bernabucci, U. 2016. "Impact of 

seasonal conditions on quality and pathogens content of milk in Friesian cows." 

Asian-Australasian Journal of Animal Science., 29, 1207-1213. 

Zelalem, Y., Faye, B. 2006. “Handling and microbial load of cow’s milk and irgo-fermented 

milk collected from different shops and producers in central highlands of Ethiopia.” 

Ethiopian Journal of Animal Production., 6, 67–82. 

Zhang, S., Iandolo, J. J., Stewart, G. C. 1998. "The enterotoxin D plasmid of Staphylococcus 

aureus encodes a second enterotoxin determinant (sej)." FEMS Microbiology Letters., 

168, 227-33. 



129 

 

APPENDICES 

 

Appendix A: Permissions 

1. ERES Convergence research approval letter 

 



130 

 

 

 



131 

 

  



132 

 

2. Permission to export human S. aureus isolates to Germany  
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Appendix B: Information sheet and consent form for participants 

 

INFORMATION SHEET 

THE UNIVERSITY OF ZAMBIA 

The Department of Paraclinical Studies, School of Veterinary Medicine 

CONSENT BY PARTICIPANT FOR PARTICIPATION IN A RESEARCH 

PROTOCOL 

Protocol Name: Nasal and hands swabs        

STUDY TITLE:  Characterization of Staphylococcus aureus associated with the dairy 

value chain in Western, Lusaka and Southern Provinces of Zambia 

1. RESPONSIBLE PERSONS AND THEIR CONTACT 

Principal investigators Directing Research: Bruno Stephen July Phiri (PhD Student) and 

Professor Bernard Mudenda Hang’ombe, PhD (Supervisor). 

Address:   The University of Zambia, 

                        Great East Campus, 

                        Paraclinical Studies Department, 

                        School of Veterinary Medicine, 

                        P.O. Box 32397, 

                        Lusaka, 

                        Zambia.   

Telephone Number: +260 211 291515 

You are being asked to participate in a research study. A member of the research team will 

explain what is involved in this study and how it will affect you. This consent form describes 

the study procedures, the risks and benefits of participation, as well as how your confidentiality 

will be maintained. Please take your time to ask questions and feel comfortable making a 

decision whether to participate or not. This process is called informed consent.  If you decide 

to participate in this study, you will be asked to sign this form.  

2. WHY IS THIS STUDY BEING DONE? 

The purpose of this study is to investigate what kind of Staphylococcus spp (normal bacteria) 

live in your nostrils and live on your hands and how this changes when it enters the cow’s 

udder and milk. It is known that Staphylococcus is part of normal bacteria that live on our skin. 

But, it is not well understood how these communities of bacteria develop, or how these 
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communities change when they enter or contaminate cow’s milk and milk products. This 

research is being done to define these bacterial communities, which may generate insights 

allowing advances in treating animals, medical diseases, advances in ecological theory, and 

choice of better antimicrobial substances to use.  

3. HOW MANY PEOPLE WILL TAKE PART IN THE STUDY? 

About 30 people in each study site will take part in this study. 

4. WHAT IS INVOLVED IN THE STUDY? 

During this study, Bruno Stephen July Phiri and his research team will collect information 

about you for the purposes of this research. You have been approached to be included in this 

study because you are milkers of animals. In this study, we will analyse Staphylococcus 

bacteria on hands and in the nose of your body. If you agree to participate in this study, we will 

ask you to swab your nostrils and the hands once every 3 months for one year. Participants will 

be swabbed on the palm of their both hands and a nasal swab will be performed for respiratory 

bacteria (Staphylococcus spp).  

A member of the research staff will pick up the swab samples and put them in a cooler box and 

transport them to the microbiology laboratory at the University of Zambia. Each sample will 

then be analysed for Staphylococcus bacteria species they contain.  

5. HOW LONG WILL YOU BE IN THE STUDY? 

You will be in the study for 3 years and if you decide to withdraw there will be no penalty. 

6. WHAT ARE THE RISKS OF THE STUDY? 

 There are no health risks for participation in this study.  

7. ARE THERE ANY BENEFITS TO TAKING PART IN THE STUDY? 

If you agree to take part in this study, there will be no direct medical benefit to you. But, we 

hope the information learned from this study will allow insights into how bacterial communities 

(Staphylococcus) form which may have implications in Livestock sector, animal and medical 

diseases, and antimicrobial substances.   

8. WHAT OTHER OPTIONS ARE THERE? 

Instead of being in this study, you may choose not to participate. 

9. WHAT ARE THE COSTS? 

There will be no costs to you or your insurance company resulting from your participation in 

this research study.  

10. WILL I BE PAID FOR MY PARTICIPATION? 
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You will not be paid for participation. 

11. WHAT ABOUT CONFIDENTIALITY? 

Study records will be kept confidentially and no names will be asked or written down. No 

medical history will be obtained. We will analyse the bacteria on your hands and nostrils. All 

information obtained or data generated will be strictly confidential and stored in a password 

protected computer file and will only be accessed by the research team. The data collected in 

this study will be used for the purpose described in the form. The research team includes the 

individuals listed on this consent form and other personnel involved in this study at the 

University of Zambia.  

Your records may be reviewed by ERES COVERGE the organization whose responsibility is 

to protect participants in research. This consent form will be kept by the research team for at 

least six years. 

12. WHAT ARE MY RIGHTS AS A PARTICIPANT? 

Taking part in this study is voluntary.  If you choose not to participate in this study, it is your 

right and no one will force you to do so. You may choose not to participate at any time during 

the study.  You have the right to withdraw anytime if you feel so. You are free to seek 

clarification anytime during the study.  

If you choose to no longer be in the study, you must inform Dr Bruno Stephen July Phiri or 

Professor Bernard Mudenda Hang’ombe verbally. Bruno Stephen July Phiri or Professor 

Bernard Mudenda Hang’ombe may still use your information that was collected prior to your 

written notice.  

You will be given a signed copy of this document. This consent form document does not have 

an expiration date. 

13. WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS? 

You have to talk to Dr Bruno Stephen July Phiri or Professor Bernard Mudenda Hang’ombe 

about this study and you have the opportunity to ask questions concerning any and all aspects 

of the research.  If you have further questions about the study, you may call Bruno Stephen 

July Phiri or Professor Bernard Mudenda Hang’ombe at +260 211 291515. 

14. CONSENT FORM 

14.1 Participant 
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The research project and the procedures associated with it have been explained to me.  The 

experimental procedures have been identified and no guarantee has been given about the 

possible results. I will receive a signed copy of this consent form for my records. 

I agree to participate in this study.  My participation is voluntary and I do not have to sign this 

form if I do not want to be part of this research study. 

Signature of Subject:          

Or 

Thumb print:  ______________________ 

 

Date:      Time:       AM/PM (Circle) 

15. PERSON OBTAINING CONSENT 

I have explained to the participant the nature and purpose of the study and the risks involved.  

I have answered and will answer all questions to the best of my ability.  I will give a signed 

copy of the consent form to the participant. 

Signature of person obtaining consent:        

Date:      Time:       AM/PM (Circle) 

16. INVESTIGATOR: 

Signature of Investigator        

Date:      Time:       AM/PM (Circle) 
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Appendix C: Questionnaires 

 

1. FARMER QUESTIONNAIRE 

SECTION 1 

A. QUESTIONNAIRE IDENTIFICATION INFORMATION 

Questionnaire Identification Number: __________________ 

Interviewer Name: ____________________________________ Date completed: 

__________ 

Time Interview started: ___________ 

Time Interview ended: ___________ 

Province:                                                   

___________________________________________ 

District:                                                     

___________________________________________ 

Veterinary Camp:                                     

___________________________________________ 

Village/Farm:                                           

___________________________________________ 

B.  DEMOGRAPHIC INFORMATION (ABOUT THE FARMER) Tick where applicable 

1 Age: ______________________ 

2 Sex:  

1. Male _____  

2. Female _____ 

3 Marital status:  

0 Married____  

1 Unmarried ____  

4 Total number of family members living in your household? 

1. 2 members ____ 

2. 3 members ____ 

3. 4 members ____ 

4. 5 members ____ 

5. More than 5 members _____ 
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5 Formal education attended: 

1. Grade 7 and lower _____ 

2. Grade 8 _____ 

3. Grade 9 _____ 

4. Grade 10 _____ 

5. Grade 11 _____ 

6. Grade 12 _____ 

7. College ______ 

8. University _____ 

9. Other please specify ______________________ 

6 Other sources of income:  

Please specify ______________________________________________ 

7. Household income per month?  

1.  ≤ K 500 _____  

2.  ≤ K1000 ____ 

3.  ≥ K3000 _____ 

C.  GENERAL INFORMATION 

1. Do you belong to a Dairy cooperative?  

0. Yes _____ 

1. No _____ 

2. When did you start the enterprise?  

1. 1 year ago ______  

2. 2 years ago _____ 

3. 3 years ago _____  

4. 4 years ago _____  

5. 5 years ago  

6. More than 5 years ago _____ 

3. Who takes care of your cattle?  

1. Relatives_____ 

2. Workers______  

a). How many are they? 1. One ____ 2. Two ____  3. Three ____  4. Four _____  5. More than 

five ___ 
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4. Where do you get water used for cleaning cow’s udders, milking buckets and for washing 

hands for milkers?  

1. Borehole _____  

2. Well ____  

3. Piped water ____ 

4. River ____  

5 Other please specify ____________________________ 

5. Do you buy any feed for your animals?  

0. Yes____  

1. No____  

D. INFORMATION ABOUT CATTLE HERD AND OTHER LIVESTOCK AND 

ANIMALS 

1. Indicate information about the cattle herd: 

 Number of cattle in this herd _______ 

Breed of cows ________  

Cows in milk __________  

Cows that have had one or more calves 

_________ 

 

Adult breeding bulls ________  

Female less than 1 year ________  

Male less than 1 year _________  

Female >1 year not yet calved ______  

Male >1 year not breeding bulls _____  

Total ________  

 

a) Do you have any identification system for each cow?  

0. Yes____  

1. No ____ 

2. Indicate information of other livestock and animals kept at the farm/village: 

1. Chickens-free range:_____ 

2. Chickens-housed:_____  
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3. Ducks:_____  

4. Goats:______  

5. Pigs:______   

6. Dogs:______  

7. Cats:______  

8. Other please 

specify:__________________________________________________________ 

E.  LAST CASES OF DISEASE ON THE FARM IN THE LAST 12 MONTHS 

Date Disease Group affected Number affected Treatment 

     

     

 

F. MEDICATION OF CATTLE IN THE HERD 

1. Do you perform any vaccinations on your cows per year?  

0. Yes ____  

1. No ____ 

a). if Yes (1), please specify 

__________________________________________________________ 

2. Do you administer any medicines or antibiotics to your cows:  

0. Yes____  

1. No ____  

a). If Yes (2), please 

specify___________________________________________________________  

3. Who treat your animals in case of a disease?  

1. Veterinary official ____  

2. Myself ____  

3. Fellow farmer _____  

4. Other please specify _______________________________________ 

G. ANTIBIOTIC USE 

1. Do you know mastitis?  

0. Yes ____  

1. No ____  
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2. If Yes (1), how do you manage mastitis?  

___________________________________________________________________________ 

a) Do you treat the individual cows 0. Yes_____ 1. No ____ 

b) If No (a) do you treat all the cows in the herd? 0. Yes ______ 1. No _____ 

c). What type of drugs do you give your animals?  

1. Penicillin ___  

2. Gentamicin ____  

3. Oxytetracyclin ____  

4. Penstrep (Penicillin streptomycin) ___  

5. Other please specify 

___________________________________________________________ 

d). How do you give drugs to your cows?  

1. Oral____  

2. Parental____  

3. Local treatment ____  

4. Other specify____________________________________________________ 

e). Are you treating any of your cows with any drugs now?  

0. Yes ___  

1. No ___    

f). If Yes (e), provide more information;  

___________________________________________________________________________ 

g). How long do you usually treat your cows with antibiotics?  

1. 1 day ___ 

2. 2 days ___  

3. 3 days ___ 

4. 5 days ____ 

5. More than 5 days ____ 

h). If you are treating a cow with antibiotics, do 

you sell the milk from that cow at the same time:  

0. Yes ____  

1. No ____ 

i). And If No (h), how long do you wait before starting to sell?  
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1. Day ____  

2. 2 days ____  

3. 3 days ____  

4. 4 days ___  

5. 5 days ____  

6. 6 days ____  

7. 7 days ____  

8.  according to manufactures 

9. More than 7 days _____      

j). How do you milk treated cows? 

____________________________________________________________________ 

k). Do you mix the milk from the treated cows with the milk from other cows? 

0. Yes ___ 

1. No ___ 

l). Do you consume milk from treated cows? 0. Yes ___ 1. No ___ 

m). If No (l), what do you do with it?  

1. Discard ___  

2. Consume ____  

3. Other please specify______________________________________________     

SECTION 2 

H. HANDLING AND STORAGE OF THE MILK 

1 Do you normally wash your hands before milking cows?  

0. Yes ____  

1. No___  

a) If Yes (1), do you dry your hands before milking?  

0. Yes ___  

1. No ____ 

b) If Yes (1), what do you use to dry your hands?  

1. Towel ___  

2. Cow’s tail ____  

3. My clothes ____  

4. Other please specify ____ 
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2. Do you wash hands after milking each individual cow?  

0. Yes ____  

1. No ____ 

3 Do you have a milking shed at your farm?  

0. Yes ___ 

1. No ___ 

a) If Yes (3), do you clean the milking shed?  

0. Yes ____  

1. No____ 

4 What type of utensils do you use?  

a. Milking: 1. Plastic containers ____ 2. Aluminium cans ___ 3. Wooden vessels 4. Other 

please specify 

____________________________________________________________________ 

b. Milk preserving: 1. Plastic containers ____ 2. Aluminium cans ___ 3. Wooden vessels 4. 

Other please specify 

__________________________________________________________________ 

c. Storing: 1. Plastic containers ____2. Aluminium cans ___ 3. Wooden vessels 4. Other 

please specify 

____________________________________________________________________ 

d. Transporting: 1. Plastic containers ____ 2. Aluminium cans ___ 3. Wooden vessels 4. 

Other please specify 

____________________________________________________________________ 

e. Selling: 1. Plastic containers ____ 2. Aluminium cans ___ 3. Wooden vessels 4. Other 

please specify 

____________________________________________________________________ 

5. How do you get the milking utensils and other milk containers cleaned?  

a. Cold water and soap _____ b.  Warm water only ____ c. Hot water and soap _____ d. 

Others please specify ____________ 

____________________________________________________________________ 

6. How often do you clean these milk utensils?  

a. Every after milking ____ b. I do not clean ____ c. I clean before milking ____ d. Other 

please specify ________________________________________ 
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7. Is milk strained or filtered? 0. Yes ____ 1.  No ____ 

a) If Yes (7), what method do you use? 1. Sieve (mesh) ______ 2 Cloth  ______ 3 Other 

please specify _____________________________________________________________ 

8. Where do you do the milking? 1. In the milking parlour ____ 2. In the crush pen ___ 3. In 

the kraal ____  4. Outside ____  5. Other please specify 

_____________________________________________________________ 

a) And what preliminary preparations do you do before milking cows? 1. Clean teats of the 

cow ______ 2. Dry the teats with towel/cloth ______3. Wash hands _____ Other please 

specify _____ 

9. What means of transport do you use in distributing milk? 1. Head carrying _____2. Bicycle 

_____ 3. Public transport _____  4. Own vehicle ____  5. Hired vehicle _____  6. Other, 

please specify _________________________________  

10. What is the distance from home to the milk market in km?  

11. Do you process milk? 0. Yes ___ 1. No ___ 

a) If Yes (11), what milk products do you make? 1. Sour milk ___2. Yoghurt ____  3. Butter 

____ 4. Cheese ____ 5. Others please specify 

____________________________________________________________________ 

12. At what time(s) do you milk? 1. Morning ___ 2. Afternoon ____.  3. Other please specify 

____ 

b). Do you consume milk directly from the teats? 0. Yes ____ 1. No ____ 

13. At what time do you sell your milk? 1. Morning ____ 2. Afternoon ____ 3 Other specify 

___________________________________________________________________________

__ 

14. Where do you sell your milk?  1. Cooperative ___ 2. Individual customers ___ 3 Market 

___. Other please specify ___ 

15. Do you have trouble to sell all the milk produced each day? 0.Yes ___ 1.No ___  

a) And if Yes (15), why? 

_____________________________________________________________ 

I. QUALITY CONTROL 

1. Do you have any quality control checks? 0. Yes ____ 1. No ____  

a) If Yes (1), then what parameters do you monitor?  
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1. pH __ 2 Specific gravity ___ 3. Clot on boiling ___ 4. Determination of insoluble matter  

___ 5. Other please specify  

____________________________________________________________________ 

2. How do you handle any deviations?  

____________________________________________________________________ 

3. How do you ensure the safety of milk while selling it to the agents and at the market or 

communities? 

____________________________________________________________________ 

4. Have you ever had your milk rejected? 0. Yes ___/1. No ___      

5. If yes did you get it rejected?  

____________________________________________________________________ 

6.What actions did you take to prevent it from recurring?   

____________________________________________________________________ 

J. HEALTH STATUS OF FARMERS AND MILKERS 

1. Have you experienced any skin infections/injuries in your household or on your milkers in 

the last 12 months? 0. Yes ___ 1. No ___ 

a) If Yes (1), how did you manage these infections/injuries?  

____________________________________________________________________ 

2. How frequently have you used antibiotics on any member of the family? 

 a. Anytime one is sick ____ b. Sometimes when one is sick ____ c. We do not use any 

antibiotics ____ d. Other please specify 

___________________________________________________________________________ 

3. Have you ever taken antibiotics without prescription from the hospital or clinic? 0. Yes 

___ 1. No ____ 

4. Have you ever experienced a situation where despite treatment with antibiotics the 

condition did not improve? 0. Yes ____ 1. No ____ 

5. Usage of milk per day 

1. Do you often buy milk from other people? 0.Yes ____ 1. No ____ 

 a) If Yes (1), what type of milk ? 1. Fresh milk  ___ 2. Sour milk ___  3. Other please 

specify ____________________________________________________________________ 
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2. How do you prepare milk for home consumption? a. Raw ___ b. Boil ____c. Make sour 

milk ____ d. Other please specify 

_________________________________________________________________ 

3. Who consumes milk in your household? a. Children ____ b. Everyone ____ c. Adults ____ 

4. How is the milk consumed? a. Raw ___ b. Boilled ____c.  Sour milk ____  d. Other please 

specify_____________________________________________________________________

_________ 

K. DOCUMENTATION 

1 Do you keep any records of milk produced or sold in your herd? 0. Yes ___ 1. No ___     

2 Are you able to trace back bad milk from its source? : 0. Yes ___  1. No __ 

3. Do you keep any health records? 0. Yes ____ 1. No ____ 

  

2. MILK TRADER QUESTIONNAIRE 

SECTION 1 

A. QUESTIONNAIRE IDENTIFICATION INFORMATION 

Questionnaire Identification Number: __________________ 

Interviewer Name: ____________________________________ Date completed:__________ 

Time Interview started:___________ 

Time Interview ended: ___________ 

Province:                                                   

___________________________________________ 

District:                                                     

___________________________________________ 

Trading Area:                                             

___________________________________________ 

 

B.  DEMOGRAPHIC INFORMATION (ABOUT THE TRADER)  

Tick where applicable 

1. Age: ______________________ 

2. Sex:  

1. Male _____  

2. Female _____ 
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3. Marital status:  

1. Married____  

2. Unmarried ____  

4. Total number of family members living in your household? 

1. 2 members ____ 

2. 3 members ____ 

3. 4 members ____ 

4. 5 members ____ 

5. More than 5 members _____ 

5. Formal education attended: 

1. Grade 7 and lower _____ 

2. Grade 8 _____ 

3. Grade 9 _____ 

4. Grade 10 _____ 

5. Grade 11 _____ 

6. Grade 12 _____ 

7. College ______ 

8. University _____ 

9. Other please specify ______________________ 

6. Any other sources of income:  

1. Farmer ____  

2. Self – employed ______ 

3. Working_____ 

4. Other please specify ______________________________________________ 

7. Household income per month?  

      1.  ≤ K 500 _____  

      2.  ≤ K1000 ____ 

      3.  ≥ K3000 _____ 

 

 

C. GENERAL INFORMATION 

1. Do you belong to a Dairy cooperative?  
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0. Yes _____ 

1. No _____ 

2. When did you start your enterprise?  

1. 1 year ago ______  

2. 2 years ago _____ 

3. 3 years ago _____  

4. 4 years ago _____  

5. 5 years ago  

6. More than 5 years ago _____ 

3. What type of milk do you sell? 

 a. Raw milk ___ b. Boiled milk ___ c. Fermented milk ___ d. Other please specify 

__________________________________________________________________ 

4. Does any of your family members consume the milk you buy? 0. Yes ___ 1. No ____  

a). If Yes (4) in what form? 

________________________________________________________ 

5. Who are your main customers?  

a. Community ____ b. Market ____ c. Cooperative _____ d. Other please specify  

6. How long does it take to reach them in km? 

_______________________________________ 

7. Where do you buy the milk for your business?  

a. From farmers _____ b. Cooperative/milk collection centre _____ c. Other please specify 

_______________________________________________ 

SECTION 2 

D. HANDLING AND STORAGE OF THE MILK 

1. What do you use to transport your milk?  

A. On the head _____ b. Bicycle _____ c. A car ____d. Other (Specify) 

______________________________________________________________ 

2. How many litres of milk do you buy per day?  

a. ≤ 10 litres ____ b. ≤ 20 ___ c. ≥ 21 litres ___ d. other please specify 

______________________________________________________ 

3. How much do you buy your milk per litre:  

1. Dry season ________ 2. Rain season ________ 
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4. How much do you sell per litre:  

1. Dry season __________ 2. Rain season ________ 

5. What time do you start picking up your milk?  

1. Before 09:00 hrs Am _____ 2. 10:00 hrs Am ___  3. 11:00 hrs Am ____ 4. 14:00hrs Pm 

____ 5. 15:00 hrs Pm ____ 6. Other please specify________________________________ 

6. What time do you stop selling your milk?   1. 09:00 hrs Am _____ 2. 10:00 hrs Am ___ 3. 

11:00 hrs Am ____4. 14:00hrs Pm ____ 5. 15:00 hrs Pm_____6. Other please 

specify________________________________ 

7. Do you have temperature control facilities? 0. Yes ____ 1. No ____  

a). If Yes (7), please specify  

____________________________________________________________________ 

8. What containers do you use for milk storage?  

1. Aluminium ____ 2. Stainless Steel ____ 3. Plastics____ 4. Others please Specify: 

___________________________________________________________________ 

9. What type of container(s) do you use for selling milk? 

a) Wide necked-aluminium vessels _____ 

b) Wide necked-plastic vessels _____ 

c) Narrow necked plastic containers _____ 

d) Used plastic water bottles _____ 

e) Other(s) specify____________ 

10. How do your customers get the milk?  

a) I deliver to their places? 0. Yes ___ 1. No ______ 

b) (specify the means of transport) ___________________________  

c) At a special selling point _____ 

d) Other please Specify______________________________________________________ 

11. Do you test for the quality of milk you buy or sell? 0. Yes ___  1. No ___ 

a). If Yes (11), what parameters do you test for?  

1. pH ____ 2. Specific gravity ____ 3. Clot on boiling ___ 4. Determination of insoluble 

matter ___ 5. Other please specify 

____________________________________________________________________ 

12. Do you sell all the milk that you collect? 0. Yes____ 1. No___ 

a). If No (12), what do you do with the unsold milk?  
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____________________________________________________________________ 

13. If you discard unsold milk, what percentage of milk do you discard every week? 

____________________________________________________________________ 

14. How do you decide when it is no longer “okay” to sell that batch of milk?   

____________________________________________________________________ 

15. Do you preserve the milk in any way? 0. Yes____  1. No___ 

a). If Yes (15), how do you do it:  

____________________________________________________________________ 

16. Do you ever mix different batches of milk? (eg. Morning and‐afternoon): 0. Yes___ 1. 

No___ 

17. Do you ensure the general hygiene of yourself before handling the milk:  0. Yes ____ 1. 

No ____  

a). If Yes (17), Please specify: 

___________________________________________________________  

18. How do you ensure that the equipment/containers are clean before using them? 

____________________________________________________________________ 

19. How is your cleaning routine for the milk containers? Please indicate 

a) Cleaning just before putting in milk _____ 

b) Cleaning after delivery of milk _____ 

c) Twice a day before putting in milk and after delivery of milk ____ 

d) Other please specify__________________________________________________ 

20. Do you ever add anything to your milk for some reason: 0. Yes____ 1. No____ 

E. PUBLIC HEALTH 

1 Have you ever experienced any skin conditions in your household? 0. Yes ___ 1. No ____ 

a). If Yes (1), how did you manage these infections? 

____________________________________________________________________ 

2. Have you ever heard about food hygiene and its importance? 0. Yes ___ 1. No ___  

a). If Yes (2), what do you know about food hygiene? 

____________________________________________________________________ 

3 In your opinion is food hygiene important to human beings? 0. Yes ___ 1. No ____ 

F. MILK QUALITY CONTROL 

1. Do you have any milk quality control checks: 0. Yes____ 1. No____      
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a) If Yes (1), how do you handle any deviations? ___________________________________ 

2. How do you ensure the safety of milk while selling it to the consumer/customer? 

____________________________________________________________________ 

3. Have you ever had your milk rejected: 0. Yes____ 1. /No____ 

a). If Yes (3), 

why did you get it rejected: ______________________________________________ 

4. What actions did you take to prevent it from recurring?   

____________________________________________________________________ 

5. What type of container do you use to fetch milk from the holding storage container? 

1. A cup with a handle ___ 

2. A cup without a handle ____ 

3. Other(s) specify____________________    

G. EXPERIENCE    

1.How long have you been working as a vendor/agent/seller?___________________ 

2. Do you have any education within the area of food hygiene/safety? 0. Yes____ 1. 

No____       

H. DOCUMENTATION    

1. Do you keep any records? 0. Yes____ 1. No ____     

2. Are you able to trace back bad milk to its source? 0. Yes____ 1. No____ 

 

3. MILK COLLECTION CENTRE QUESTIONNAIRE 

SECTION 1 

A. QUESTIONNAIRE IDENTIFICATION INFORMATION 

Questionnaire Identification Number: __________________ 

Interviewer Name: ____________________________________ Date completed: 

__________ 

Time Interview started:___________ 

Time Interview ended: ___________ 

Province:                                                   

___________________________________________ 

District:                                                     

___________________________________________ 
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Name of Milk collection Centre              

___________________________________________ 

B.  DEMOGRAPHIC INFORMATION (Milk collection centre)  

Tick where applicable 

1. Total number of active members in the cooperative? ________ 

2. When was the milk collection centre established? ________ 

C. GENERAL INFORMATION 

1. How many litters of milk does the centre receive per day? 1. Dry season _____ 2. Rain 

season ______ 

2. How many times does the centre receive milk per day?  

a. Once per day ____ b. Twice per day ____ c. Other please specify 

____________________________________________________________________ 

3. What parameters are checked in order to accept/reject milk?  

a. pH ____ b. Specific gravity ____ c.. Clot on boiling _____ d. Determination of insoluble 

matter ____  e.  Water content ____f. Other please specify 

____________________________________________________________________ 

4. How is the acceptance/rejection percentage in general? 

____________________________________________________________________ 

5. Is there a chilling/cooling machine? 0. Yes _____ 1. No _____  

6. How long does the milk stay before it is transported to the factory/processing plant? 

________ 

SECTION 2 

D. HANDLING AND STORAGE OF THE MILK 

1. How is the milk transported to the centre?  

a. Bicycle ___ b. Vehicle____ c. On the head _____ Other means (specify) 

___________________________________________________________ 

2. What time is the milk transported to the centre?  

a. Morning ____ b. Afternoon ____ c. Other specify 

___________________________________________________________________________ 

3. How long does it take for milk to be transported to the factory/processing plant in hours? 

______ 

4. What types of containers are used by farmers to get milk to the collection centres?   
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1. Plastic containers ____ 2. Aluminium cans ___ 3. Wooden vessels___d. Other please 

specify ____________________________________________________________________ 

5. What type of milk do you receive at the centre?  a. Fresh milk ___ b. Sour milk ____ 

6. Do you process milk? 0. Yes ___ 1. No ___ 

a). If Yes (6), what type of products do you produce? Pease specify  

___________________________________________________________________________ 

7. Is the milk always of good quality? 0. Yes ____ 1. No ______  

a). If No (7) what do you do with the milk which is not of good quality?  

____________________________________________________________________ 

8. How many liters of milk do you sell per day? 1. Dry season ____________ 2. Rains season 

_________ 

9. How much do you buy your milk per litre: 1. Dry season _______ 2. Rain season _______ 

10. How much do you sell milk per litre: 1. Dry season ______2. Rain season ______ 

11. And who are your main clients?  

 

12. Do the clients collect milk they buy themselves? 0. Yes ____ 1. No _____ 

13. Are there any agents who deliver milk to the clients on your behalf? 0. Yes ____ 1. No 

____  

a). If Yes (13) how many different agents deliver milk for you? 

___________________________ 

14. How long do you hold the milk before it usually gets sold? 

___________________________ 

15. Do you sell all the milk received: 0. Yes ____ 1. No ____   

16. If No (15) what do you do with the rest of the milk?   

____________________________________________________________________ 

17. If you discard unsold milk, what percentage of milk do you discard every week?  

____________________________________________________________________ 

18. How do you decide when it is no longer “okay” to sell that batch of milk? 

____________________________________________________________________ 

a). Do you mix the morning and afternoon milk batches? 0. Yes ____ 1. No ____ 

19. Do you preserve the milk in any way: 0. Yes ____ 1. No____ 
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20. How do you ensure that general hygiene of yourself /staff is observed 

before handling the milk?  

____________________________________________________________________ 

22. How do you ensure that the milk equipment/container is clean before using it?  

____________________________________________________________________ 

23. Do you ever add anything to your milk for some reason: 0. Yes ____ 1. No ____ 

 

E. QUALITY CONTROL 

1. Do you have any quality control checks? 0. Yes____ 1. No ____  

a). If yes, what parameters do you monitor?  

1. pH ___ 2 Specific gravity  ___ 3. Clot on boiling ___ 4. Determination of insoluble matter 

___ 5. Other please specify 

___________________________________________________________________  

2 How do you handle any deviations?  

____________________________________________________________________ 

3. How do you ensure the safety of milk while selling it to the customer?  

____________________________________________________________________ 

4. Have you ever had your milk rejected? 0. Yes ___ 1. No ___ 

a). If Yes (4), why was it rejected?  

____________________________________________________________________ 

5. What actions did you take to prevent it from recurring?  

 

 

F. PUBLIC HEALTH  

1. Do you check or test for antibiotic residues? 0. Yes ____ 1. No____ 

2. Do you do microbial analysis? 0. Yes ____ 1. No ____ 

3. Do you have health certificates for staff handling milk? 0. Yes ____ 1. No ___ 

4. Have you ever experienced skin infections among your staff? 0. Yes ____ 1. No ____ 

a).If Yes (4), how did you manage it?  

 

 

G. EXPERIENCE  
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1. How long has the centre been working as a milk seller? _______ 

2. Do you have any education within the area of food hygiene/safety among your staff? 

 0. Yes ____ 1. No ____  

H. DOCUMENTATION  

1. Do you keep any records? 0. Yes ___ 1. No ____   

2. Are you able to trace back bad milk to its source? 0. Yes ___ 1. No ___ 

 

4. SUPERMARKET/SHOP QUESTIONNAIRE 

SECTION 1 

A. QUESTIONNAIRE IDENTIFICATION INFORMATION 

Questionnaire identification Number: __________________ 

Interviewer Name: ____________________________________ Date completed: 

__________ 

Time Interview started: ___________ 

Time Interview ended: ___________ 

Province:                                                   

___________________________________________ 

District:                                                     

___________________________________________ 

Supermarket Locality:                                     

___________________________________________ 

B.  DEMOGRAPHIC INFORMATION (ABOUT THE SUPERMARKET HEAD)  

Tick where applicable 

1. Age: ______________________ 

2. Sex:  

1. Male _____  

2. Female _____ 

3. Marital status:  

1. Married____  

2. Unmarried ____  

4. Formal education attended: 

1. Grade 7 and lower _____ 
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2. Grade 8 _____ 

3. Grade 9 _____ 

4. Grade 10 _____ 

5. Grade 11 _____ 

6. Grade 12 _____ 

7. College ______ 

8. University _____ 

9. Other please specify ______________________ 

5. How many workers do you have?  

1. one ____ 2. Two _____  3. Three _____ 4. Four _____ 5. More than four _____ 

C. GENERAL INFORMATION  

1. What type of milk product(s) do you sell?  

1) Raw milk _____ 

2) Boiled milk _____ 

3) Fermented milk _____ 

4) Other (s) specify__________________  

2. What time do you get milk/milk products from the producer(s)?  

1) Morning hours ____ 

2) Afternoon hours ____ 

3) Evening hours _____ 

4) Other (s) specify_________________  

3. Where do you get fresh milk from?  

1) A recognized vendor(s) in the area _______  

2) Famer(s) in the neighbouring village ______ 

3) Farmer(s) from the same village _________ 

4) Other(s) specify________________________ _________________________________ 

4. Apart from fresh milk, do you get other milk products elsewhere? 0. Yes ____ 1. No ___ 

a). If Yes (4), which ones? 

1) Sour milk ____ 

2) Yoghurt _____ 

3) Pasteurized milk _____ 

4) Other(s) specify_________________________________________________________  
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5. How do you get the milk/milk products at the shop/supermarket?  

1) Delivered by the producer ____ 

2) Delivered by agents ____ 

3) Collect form the producer on foot ____ 

4) Use own transport to get from the producer ____ 

5) Other(s) specify_________________________________________________________  

6. What type of containers are used to deliver milk to the shop/supermarket?  

1) Wide necked-aluminium vessels ____ 

2) Wide necked-plastic vessels ______ 

3) Narrow necked plastic containers _____ 

4) Used plastic water bottles _____ 

5) Other please specify________________________________________________________  

7. How many litres on average do you receive from suppliers? __________ 

SECTION 2 

D. HANDLING AND STORAGE OF THE MILK 

1. Approximately how long in hours does it take for fresh milk to finish? ________________ 

2. Name the main Zambian milk products you sell? 

____________________________________________________________________ 

3. How much do you buy your fresh milk per litre?_________________________________  

a). and how much do you sell it for? _________________________________________ 

4. How long do you hold the milk before it is usually sold? ___________________________ 

5. Do you sell all the milk delivered? 0. Yes ____ 1. No ____  

6. If No (5), what do you do with the rest?  

____________________________________________________________________ 

7. If you discard unsold milk, what percentage of milk do you discard every week? 

_________ 

8. How do you decide when it is no longer “okay” to sell that batch of milk?  

____________________________________________________________________ 

9. How do you store the milk? 

____________________________________________________________________ 

10. Do you sell sour milk (Mabisi) commercially produced: 0. Yes ____ 1. No ____ 
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11. Do you ever mix different batches of milk? (eg. Morning and afternoon) 0. Yes ____ 1. 

No _____  

12. Do you mix milk from different sources? 0. Yes ____ 1. No. _____ 

13. How do you ensure the general hygiene of yourself /staff before handling the milk? 

____________________________________________________________________ 

E. QUALITY CONTROL   

1. Do you have any quality control checks? 0. Yes____ 1. No____  

2. How do you ensure the safety of milk while selling it to the customer?  

____________________________________________________________________ 

3. Have you ever had your milk rejected by customers? 0. Yes ____ 1. No ____  

4. Why did you get it rejected?   

____________________________________________________________________ 

5. What actions did you take to prevent it from recurring? 

____________________________________________________________________ 

6. Do you do any fumigation in your shop/supermarket? 0. Yes ____ 1. No ____  

a). If Yes (6), how often do you do it? ____________________________________________ 

F. PUBLIC HEALTH  

1. How long have you been operating as a business_____________________________ 

2. Do you have health certificates for staff handling milk or food products? 0. Yes ____ 1. No 

____ 

3. Have you ever experienced skin infections among workers handling milk? 0. Yes ___ 1. 

No ____ 

a) If Yes (3), how did you treat it? 

_____________________________________________________ 

4. Are your workers handling milk subjected to healthy checkups regularly? 0. Yes____ 1. 

No____ 

a).  If Yes (4) how often? __________________________________________ 

5. When was the last time workers had a health checkup? 

___________________________________  

6. Have you ever got any complaints from the customer (s) after consumption of milk on the 

following conditions?  

1) Vomiting _____ 
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2) Diarrhea ______ 

3) Amoebic dysentry ______ 

4) Malaise______ 

5) Other (s) specify__________________________________________________________ 

G. DOCUMENTATION 

1. Do you keep any records of the milk purchases/sells? 0. Yes ____ 1. No ____ 

2. Are you able to trace back bad milk to the source? 0. Yes ____ 1. No ____ 

 

5. MILK CONSUMER QUESTIONNAIRE 

SECTION 1 

A. QUESTIONNAIRE IDENTIFICATION INFORMATION 

Questionnaire Identification Number: __________________ 

Interviewer Name: ____________________________________ Date completed: 

__________ 

Time interview started:___________ 

Time interview ended: ___________ 

Province:                                                   

___________________________________________ 

District:                                                     

___________________________________________ 

B.  DEMOGRAPHIC INFORMATION (MILK CONSUMERS)  

Tick where applicable 

1. Age: ______________________ 

2. Sex:  

1. Male _____  

2. Female _____ 

3. Marital status:  

1. Married____  

2. Unmarried ____  

4. Total number of family members living in your household? 

1. 2 members ____ 

2. 3 members ____ 
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3. 4 members ____ 

4. 5 members ____ 

5. More than 5 members _____ 

5. Formal education attended: 

1. Grade 7 and lower _____ 

2. Grade 8 _____ 

3. Grade 9 _____ 

4. Grade 10 _____ 

5. Grade 11 _____ 

6. Grade 12 _____ 

7. College ______ 

8. University _____ 

9. Other please specify ______________________ 

6. Occupation:  

1. Farmer ____  

2. Businessman _____  

3. Self – employed ______ 

4. Working_____ 

5. Other please specify ______________________________________________ 

7. Household income per month?  

1.  ≤ K 500 _____  

2.  ≤ K1000 ____ 

3.  ≥ K3000 _____ 

C. GENERAL INFORMATION 

1. What type of milk do you usually buy?  

a. Raw fresh milk ____ b. Sour milk ___ c. Other please specify 

____________________________________________  

a) How do you consume milk or milk products?  

1. In porridge ____ 2. In nshima ____ 3. As raw milk ___ 4 As sour milk ____ 5. Other 

please specify ________________________________ 

b). Do you boil the milk before consuming or using it? Yes ___ 1. No. ____ 
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2. How often do you buy your milk? 

________________________________________________ 

3. How much milk does your family consume in a week? 

________________________________ 

4. How is the quality of fresh milk purchased? 

a) Morning 1. Good _____ 2. Bad _____ 

b) Evening 1. Good _____ 2. Bad _____ 

5. What is the price of fresh milk purchased per litre? a. In dry season _____b. In rain season 

_____  

6. Where do you buy your fresh milk? 

a) Private vendors/traders ____ 

b) Milk collection centre (Cooperative) ____ 

c) Diary Farmers _____ 

d) Shop/ Supermarket _____ 

e) Any other (Please Specify) ____________________________________________ 

7. Do you purchase milk every day? 0. Yes ____ 1. No. ____ 

a). If No (7), how often? 

__________________________________________________________ 

8. Please indicate reasons for patronizing the present milk supplier?  

a) Regularity in supply ______ 

b) Time availability _____ 

c) Reasonable price _____ 

d) Quality _____ 

e) Credit facility ______ 

f) Door Delivery _____ 

g) Long time association ______ 

h) No alternative choice ______ 

i) Children's Choice ______ 

j) Any other (please Specify) _________________________________________________ 

9. Do you ever buy shelf stable milk or processed fresh milk? 0. Yes _____ 1. No ______  

a). If Yes (9), how long do you leave it on the shelf? 

____________________________________________________________________ 
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b). If yes (9), why do you buy shelf stable milk?  

1) I like the taste ____ 

2) I like organic milk and a lot of shelf stable milk comes that way _____ 

3) I buy it for my kids ____ 

4) Other (s) specify: _______________________________________________________ 

10. How do you use milk you buy? 

a) Sweet making _____ 

b) Curd making _____ 

c) Cake making _____ 

d) Porridge _____ 

e) Tea/Coffee etc. _____ 

f) Drinking as such ______ 

g) Other Please Specify)__________________________________________________ 

11. What Zambian milk Products are consumed in your household monthly? 

Please indicate the brand name: 

(a) Milk Powder 

____________________________________________________________________ 

(b) Butter: 

____________________________________________________________________ 

(c) Cheese 

____________________________________________________________________ 

(d) Yogurt 

____________________________________________________________________ 

(e) Other Products 

____________________________________________________________________ 

Please specify 

12. State the reason/reasons for your preference of the various milk product brands? 

1. Quality___  

2. Price ____  

3. Taste___  

4. Packing____  

5. Convenience ____ 
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6.  Any other (Please specify)  

____________________________________________________________________ 

13. Do you think locally produced milk products are better than those imported outside 

Zambia? 0. Yes ___ 1. No ___ 

14. What is your opinion about the price of the products of local manufacturer compared to 

the outside products? 1. High ____ 2. Low _____ 

15. Are the locally produced dairy products easily available in the market? 0. Yes ___ 1. No 

___ 

16. Are you aware of milk adulterated being supplied by: 

(a) Private milk vendors: 0. Yes ___ 1. No ___ 

(b) Supermarket: 0. Yes ___ 1. No ___ 

17. What is the choice of food by adults in order of preference (Rank it as 1,2,3 etc.), 1- 

ranked first, 2-ranked second, 3- ranked third, 4- ranked fourth etc. 

(a) Meat _____________________ 

(b) Milk & Milk Products __________________ 

(c) Eggs ______________________________ 

(d) Fish _______________________________ 

(e) Other food items (Please specify) 

________________________________________________ 

18. Choice of food by children in your family (Rank them as 1,2,3 etc) 

(a) Meat __________________________ 

(b) Milk & Milk products ________________________ 

(c) Eggs ______________________ 

(d) Fish ____________________________ 

(e) Other food items please specify 

_______________________________________________ 

 

SECTION 2 

D. HANDLING AND STORAGE OF THE MILK 

1. Do you normally wash your hands before handling milk? 0. Yes ___ 1. No ___   

2. What type of utensils do you use for milk buying, preserving / storing?  
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1. Plastic container____2. Aluminium cans ___ 3. Other (Specify) 

_____________________________________________________  

3. How do you get the milk buckets/containers cleaned before and after milk is bought?  

1. I use cold water and soap _____ 2. I use warm water ____ 3. I use hot water and soap 

_____ 4. Others please specify _____________________________________  

4. Is milk strained or filtered when bought? 0. Yes __ 1. No ___ 

a). If Yes (4), what method do you use?  

1. Sieve (mesh) ______ 2. Cloth (cotton cloth) ______  3 other please specify 

______________________________________________________________ 

5. Do you boil raw milk when it is bought before drinking or using it? 0. Yes ___ 1. No ___ 

a) If No (5), do you drink or consume raw milk some times? 0. Yes ____ 1. No _____ 

6 What means of transport do you use to have your milk in your household?  

1. Head carrying _____ 2. Bicycle ___ 3. Public transport _____ 4. Own vehicle ____5. 

Hired vehicles _____6. Other please specify) 

____________________________________________________________________ 

7. What is the distance from home to the milk source in km? 

____________________________________________________________________ 

8. Have you received milk hygiene training before? 0. Yes ___ 1. No ___ 

a). And if Yes (8), who conducted the training? 

_________________________________________ (eg government, non-governmental 

organisation etc )  

b). And was the training helpful in anyway? 0. Yes ___ 1. No ___ 

9. What is the average quantity of milk you buy per day? 1 Dry season______ 2. Rain (Wet) 

season ________ 

10. How do you store your milk? 

____________________________________________________________________ 

11. Do you process milk? Yes __/ No __ 

a) If Yes (11), what milk products do you make?  

a. Sour milk _____ b. Yoghurt ____ d. Butter ____ e. Cheese ____ f. Others please specify 

_____________________________________________________ 

12. At what time(s) do you buy milk? 

____________________________________________________________________ 
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13. Is milk delivered to your household sometimes? 0.Yes _____ 1. No ____ 

a). If Yes (13), what time? __________ 

b). and how often? 

____________________________________________________________________ 

14. Do you have trouble to buy all the milk delivered to you each day? 0. Yes ___ 1. No ___  

a). and if Yes (14), why? give more information: 

____________________________________________________________________ 

15. What is your unit of measure when buying milk? 1. Litre ____ 2. Cup ____ 3. 2.5 litres 

plastic container ____ 4. Other please specify 

____________________________________________________________________ 

16. Who sets the price of milk?  

1. Producer ____ 2. Buyer____ 3. Negotiator _____ 4. Other please specify 

_______________________________ 

E. PUBLIC HEALTH 

1 Have you ever experienced any skin conditions in your household? 0. Yes ___ 1. No ____ 

a).  If Yes (1), how did you manage these infections? 

____________________________________________________________________ 

2. Have you ever heard about food hygiene and its importance? 0. Yes ___ 1. No ___  

a). If Yes (2), what do you know about food hygiene? 

____________________________________________________________________ 

3 In your opinion is food hygiene important to human beings? 0. Yes ___ 1. No ____ 

F. QUALITY CONTROL 

1. Do you have any quality control checks? 0. Yes ____ 1. No ____ 

a). If Yes (1), then what parameters do you monitor?  

1. pH ___ 2 Specific gravity ___ 3. Clot on boiling ___ 4. Determination of insoluble 

matter___ 5. Other please specify _____________________________ 

2. How do you handle any deviations?  

____________________________________________________________________ 

3. How do you ensure the safety of milk before you consume it?:   

____________________________________________________________________ 

4. Have you ever rejected milk? 0. Yes ___ 1. No ___  

5. Why did you reject it?  
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____________________________________________________________________ 

6. What did you do with the milk you rejected? ___________________________________ 

7. What actions did you take to prevent it from recurring:  _______________________ 
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Appendix D: Preparation of media and antibiotics 

 

1. Preparation of agarose gel  

To prepare 2% Small Gel, 100 ml of TBE was added into a flask with stirring magnet and 2 g 

of Agarose (Sigma Aldrich, Germany) was added as well. The flask was then heated in the 

microwave until all the Agarose was dissolved. Then the heated Agarose was poured in a small 

Gel chamber to cool and solidify. To prepare 2% Big Gel, 200 ml of TBE was added into a 

flask with stirring magnet and added 4 g of Agarose and the flask was then heated in the 

microwave until all the Agarose was dissolved. Then the heated Agarose was poured into a big 

Gel chamber to cool and solidify. TBE (10x) contained 108g of Tris, 55g Boric acid, 500ml 

distilled water and 40ml of EDTA (0.5M). 

2. Preparations of antibiotics 

a) Aztreonam (50 mg/litre) 

Weighed 50 mg of aztreonam (Sigma Aldrich, Germany) on a weighing balance and put it into 

a 50 ml tube and added 25 ml of sterile distilled water and vortexed to mix.  

b) Cefoxitin (4 mg/litre)  

Weighed 100 mg of Cefoxitin (Sigma Aldrich, Germany) and put it into a 50 ml tube and added 

25 ml of sterile distilled water and vortexed to mix. Then 1.5 ml sterile empty tubes were filled 

with one ml of diluted cefoxitin until all the 25 ml of diluted cefoxitin prepared was finished 

by producing 25 filled tubes and these were stored at -20°C until used. 

3. Preparation of bactone peptone bouillon(BPB) broth  

Added 15 g of Bacton Peptone Bouillon (broth) powder (BPB, BECTON DICKINSON, USA) 

in one litre of distilled water and autoclaved at 121°C for 15 minutes according to 

manufacturer’s instructions and allowed it to cool at room temperature and it was then stored 

at 4°C until its use.   

4. Preparation of Baird Parker agar (BPA) 

Added 58 g of BPA powder (Sigma Aldrich, Germany, MERK KGaA, Germany) in 950 ml of 

distilled water and autoclaved at 121°C for 15 minutes according to manufacturer’s instructions 

and allowed it to cool at room temperature to about 45°C to 50°C and then 50 ml of egg yolk 

tellurite emulsion (Sigma-Aldrich, Germany) was added. The mixture was mixed by gently 

shaking and poured the liquid agar onto to the plates before solidification and allowed the agar 

to solidify.  
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5. Preparation of brain heart infusion (BHI) agar  

Added 52 g of BHI agar powder (Sigma-Aldrich, Germany) in one litre of distilled water and 

autoclaved at 121°C for 15 minutes according to manufacturer’s instructions and allowed it to 

cool at room temperature to 45 to 50°C then poured the liquid agar onto to the plates before 

solidification and allowed the agar to solidify at room temperature.  

6. Preparation of brain heart infusion (BHI) both  

Added 37g of BHI (Sigma-Aldrich, Germany/Thermo Fisher Scientific, Germany) broth was 

added into one litre of distilled water and autoclaved at 121°C for 15 minutes according to 

manufacturer’s instructions and allowed it to cool at room temperature. Then it was put at 4°C 

until its use.  

7. Preparation of buffered peptone water (BPW) broth  

Added 20g of BPW broth powder (HiMedia, India) in one litre of distilled water and autoclaved 

at 121°C for 15 minutes according to manufacturer’s instructions and allowed it to cool at room 

temperature and it was put at 4°C until it was used. 

8. Preparation of glycerol cultures 

Added 13 g of nutrient broth powder (HiMedia, India) in one litre of distilled water and 

autoclaved at 121°C for 15 minutes according to manufacturer’s instructions and allowed it to 

cool at room temperature and it was put at 4°C until it was used. Then added one ml of nutrient 

agar in vials and then added 200 µl of 95 percent glycerol and pure colonies were introduced 

into the mixture. The mixture was vortexed and stored at -20°C until shipping to Germany. 

9. Preparation of mannitol salt agar (MSA)  

Added 111g of MSA powder (Thermo Fisher Scientific, Germany/HiMedia, India) was added 

into one litre of distilled water and autoclaved at 121°C for 15 minutes according to 

manufacturer’s instructions. Then the liquid agar was allowed to cool at room temperature up 

to approximately 45 to 50°C and then poured into sterile plates and allowed the agar to solidify 

at room temperature until plating/culturing. The remaining plates after culturing were then put 

at 4°C until they were used again. 

10. Preparation of mannitol salt agar with cefoxitin (MSA + cef) 

Added 111g of MSA powder (Thermo Fisher Scientific, Germany/Himedia, India) into one 

litre of distilled water and autoclaved at 121°C for 15 minutes according to manufacturer’s 

instructions. Then the hot liquid agar was allowed to cool at room temperature up to 

approximately 45 to 50°C and added one ml of cefoxitin (4mg/l, Sigma Aldrich, Germany). 
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Then the media was mixed thoroughly by gently shaking the bottle to ensure the antibiotics 

were mixed and the warm liquid agar was poured into sterile plates before solidifying, then 

allowed to solidify at room temperature until plating/culturing. The remaining MSA plates after 

culturing were then put at 4°C until the next bacterial plating. 

11. Preparation of Muller Hinton broth (MHB) with 6% sodium chloride 

Added 21 g of MHB broth powder (Thermo Fisher Scientific, Germany/HiMedia, India) and 

60 g of sodium chloride (NaCl) (to make 6 % NaCl) was added into one litre of distilled water 

and autoclaved at 121°C for 15 minutes according to manufacturer’s instructions. Then the hot 

mixture was allowed to cool at room temperature. Then it was put at 4°C until use.  

12. Preparation of plate count agar 

Added 17.5 g of plate count agar powder (Sigma Aldrich, Germany/MERK KGaA, Germany) 

into one litre of distilled water and stirred to dissolve the powder by shaking the bottle gently 

and then autoclaved the mixture at 121°C for 15 minutes according to manufacturer’s 

instructions. Then the hot agar was allowed to cool to about 50°C and it was then poured on 

the sterile plates prepared for total plate count (TPC). The temperature was maintained at 

approximately 50°C by putting the agar bottle in the hot water bath. 

13. Preparation of tryptic soy broth with cefoxitin (4 mg/l) and aztreonam (50 mg/l)  

Measured one litre of distilled water using measuring cylinder and transferred it in a one litre 

autoclavable glass bottle. Then added 30 g (according to instructions from supplier) of 

powdered tryptic soy broth (Merck KGaA, Germany) into one litre of distilled water in a bottle 

and dissolved completely by heating on a flame while gently shaking. The mixture was 

autoclaved at 121°C for 15 minutes according to manufacturer’s instructions and allowed to 

cool to 50°C and then 25 ml of tryptic soy broth was taken out from a one litre bottle and was 

discarded. Then the one litre bottle of tryptic soy was refilled with 25 ml of prepared aztreonam 

(50 mg/l, Sigma Aldrich, Germany) and then added 875 µl of prepared cefoxitin (4 mg/l, Sigma 

Aldrich, Germany). Then the media was mixed thoroughly by gently shaking the bottle to 

ensure the antibiotics were mixed very well and the broth was allowed to cool at room 

temperature and put in the refrigerator (4°C) until it was used.  



171 

 

 

Appendix E: Control strains (positive and negative) 

 

1. BfR-ST 00129 (S. aureus) from strain collection of NRL Staph in Berlin, Germany (from 

mouse) was used as mannitol fermentation positive control and BfR-ST 01164 (S. aureus) from 

strain collection of NRL Staph, Berlin, Germany (from unknown matrix) was used as a 

mannitol fermentation negative control. 

2. BfR-ST 00167 (MRSA) from strain collection of NRL Staph in Berlin, Germany (from 

chicken) was used as positive control (growing on MSA + cef and fermenting mannitol) and 

BfR-ST 00129 (S. aureus) from strain collection of NRL Staph, Berlin, Germany (from mouse) 

was used as a negative control (no growth on MSA +cef). 

3. BfR-ST 00167 (MRSA) from strain collection of NRL Staph in Berlin, Germany (from 

chicken) was used as positive control (growing in tryptic soy broth + azetreonam + cef) and 

BfR-ST 00129 (S. aureus) from strain collection of NRL-Staph, Berlin, Germany (from mouse) 

was used as a negative control (no growth in tryptic soy broth + azetreonam + cef). 

4. BfR-ST 00167 (MRSA) and BfR-ST 00129 (S. aureus) from strain collection of NRL Staph 

in Berlin, Germany (from chicken and mouse respectively) were used as positive controls 

(growing on BPA). 

 5. BfR-ST 00129 (S. aureus) from strain collection of NRL Staph in Berlin, Germany (from 

mouse) was used as positive control (coagulase positive) and BfR-ST 00886 (S. epidermidis) 

from strain collection of NRL Staph, Berlin, Germany (from cow milk) was used as a negative 

control (coagulase negative). 

6. 11S01380 (MRSA) from strain collection of NRL Staph in Berlin, Germany (from wild 

boar) was used as positive control for MRSA identification Real Time PCR. 

7. DSM 1104 (S. aureus) from Leibniz Institute, DSMZ-German Collection of Microorganisms 

and cell cultures GmbH (from clinical isolate, country of origin is unknown) was used as 

positive control for spa typing PCR. 

8. DSM 13661 S. aureus from Leibniz Institute, DSMZ-German Collection of Microorganisms 

and cell cultures GmbH (from human clinical, USA) was used as positive control for DNA 

preparation. 
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Appendix F: Bruno S. J. Phiri at the German Federal Institute for Risk Assessment 

(Bundesinstitut für Risikobewertung) in Berlin, Germany 
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Appendix G: Potential persistence of S. aureus on farms during both sampling periods 

Sampling 

period 

(1./2.) 

Province District 
Facility 

type 

Facility 

no. 

Isolate 

short 

name 

Matrix 
spa 

type 

1. Southern Choma Farm 44 C39 pooled milk t521 

2. Southern Choma Farm 44 C93 pooled milk t521 

1. Southern Choma Farm 60 C46 pooled milk t521 

2. Southern Choma Farm 60 C100 pooled milk t521 

1. Southern Choma Farm 63 C48 pooled milk t521 

2. Southern Choma Farm 63 C103 pooled milk t521 

1. Southern Choma Farm 86 C66 pooled milk t521 

2. Southern Choma Farm 86 C110 pooled milk t521 

1. Southern Choma Farm 96 C69 pooled milk t521 

2. Southern Choma Farm 96 C116 pooled milk t521 

1. Lusaka Chilanga Farm 4 L1 pooled milk t189 

2. Lusaka Chilanga Farm 4 L114 pooled milk t189 

1. Lusaka Chilanga Farm 11 L72 bucket swab t189 

2. Lusaka Chilanga Farm 11 L117 pooled milk t189 

1. Lusaka Chilanga Farm 21 L75 bucket swab t189 

2. Lusaka Chilanga Farm 21 L121 pooled milk t189 

1. Lusaka Chilanga Farm 29 L49 mastitis milk t189 

2. Lusaka Chilanga Farm 29 L126 pooled milk t189 

1. Lusaka Chilanga Farm 39 L19 pooled milk t189 

2. Lusaka Chilanga Farm 39 L130 pooled milk t189 

1. Lusaka Chongwe Farm 56 L27 pooled milk t189 

2. Lusaka Chongwe Farm 56 L138 pooled milk t189 

1. Lusaka Chongwe Farm 75 L96 bucket swab t189 

2. Lusaka Chongwe Farm 75 L147 pooled milk t189 

1. Lusaka Chilanga Farm 1 L70 bucket swab t237 

2. Lusaka Chilanga Farm 1 L112 pooled milk t237 

1. Lusaka Chilanga Farm 9 L2 pooled milk t267 

2. Lusaka Chilanga Farm 9 L116 pooled milk t267 

1. Lusaka Chilanga Farm 27 L77 bucket swab t267 

2. Lusaka Chilanga Farm 27 L125 pooled milk t267 

1. Lusaka Chilanga Farm 44 L87 bucket swab t267 

2. Lusaka Chilanga Farm 44 L133 pooled milk t267 

1. Lusaka Chilanga Farm 40 L83 bucket swab t355 

2. Lusaka Chilanga Farm 40 L131 pooled milk t355 

1. Lusaka Chongwe Farm 50 L65 hands swab t521 

2. Lusaka Chongwe Farm 50 L134 pooled milk t521 
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