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ABSTRACT

Salmonella species are currently one of the most widespread foodborne pathogens that
claim millions of lives yearly nationwide and therefore they po: severe challenges in
humans in developing as well as developed countries. In addition, Salmonella infections
are difficult to treat due to the emergence and wide spread distribution of antibiotic
resistant strains. Treatment failures amplify the need to explore the virulence
capabilities of other antibacterial agents such as bacteriophages to serve as alternative
antimicrobial agents, especially in resolving the war against re: ;tant bacteria strains.
The aim of this study was to isolate, characterise and determine the virulence
capabilities of Salmonella species and Salmonella specific bacteriophages from cattle
faeces and raw beef obtained from some supermarkets and butcheries in the North

West Province, South Africa against environmental antibiotic resistant isolates.

A total of 300 presumptive Salmonella isolates were isolated from 160 samples (cattle
faeces and raw beef) using Salmonella Shigella agar. Typical pi : yellow colonies with
black spots on their centres were subjected to both preliminary and confirmatory tests
specific for Salmonella species. The antibiotic resistance prot :s of the Salmonella
strains were determined against a panel of 12 antimicrobial agents. Multiple antibiotic
resistance phenotypes and cluster analysis of antibiotic resistance inhibition zone
diameter data was used to determine the phenotypic relationship of isolates from
different sources. PCR assays were used to determine the pathogenicity of the isolates
in order to assess their impact on consumers. Genetic similarities among isolates from

different sampling stations and/or sources were assessed by determining the restriction



fragment length polymorphic (RFLP) patterns of the 16S rRNA gene fragments
amplified from isolates in the study. Furthermore, morpholbgical characterisation of
Salmonella specific bacteriophages was achieved using the double agar layer technique
and electron microscopy. The findings of the study suggest a hic presence 140 %)
of Salmonella species in both cattle faeces and raw beef obtained from the different

locations.

All the isolates were Gram negative rods while a significantly large proportion 291 (97%)
were oxidase negative and only 12 (4%) of the isolates produced H,S. Eight (34.8%)
representative isolates were identified as Salmonella species. Of the 300 presumptive
isolates a large proportion 159 (53%) were positive for Salmonella based on
agglutination with the polyvalent O antiserum and belonged to groups A-G, while 185
(61.7%) were positive for the polyvalent H antiserum. Salmonella species specific 16S
rRNA PCR analysis indicated that 128 (42.7%) were positively identified. Despite the
fact that only a small proportion 60 (20%) of the isolates were confirmed as Sa/monella
species based on the presence of the fliC gene sequence while 80 (26.7%) had the fIiB

gene fragment.

Large proportions (62.4% to 94.3%) of the isolates from both cattle faeces and beef
samples were most often resistant to Erythromycin, Rifampicin, Penicillin, Ampicillin and
Cephalexin. On the contrary, these isolates showed very little resistance (4.3% to
37.9%) against Cefixime, Nalidixic Acid, Gentamicin, Ciprofloxacin, Tetracycline,

Norfloxacin and Chloramphenicol. MAR phenotypes E-RP-PG-CFXM, AP-E-RP-PG-



CFXM, RP-PG-CFXM, AP-CFM-E-RP-PG-CFXM, T-E-RP-PG-CFXM and AP-CFM-T-E-
RP-PG-CFXM were dominant among these isolates. On the other hand, phenotypes
AP-CFM-NA-CIP-NOR-E-RP-PG, RP-PG-CFXM and T-E-RP-PG-CFXM were
predominant among isolates obtained from Rustenburg. Despite the fact that phenotype
AP-CFM-T-E-RP-PG-CFXM was observed only in 1 isolate obtained from Mafikeng, a
cause for concern is that this isolate was resistant to 7 of the 12 antibiotics tested. In
addition the AP-CFM-NA-CIP-NOR-_..>-PG was not only dominant among isolates
from Rustenburg but the isolates were resistant to eight different antimicrobial agents.
Two major clusters (cluster 1 and cluster 2) that contained four sub-clusters (1A, 1B, 2A
and 2B) were obtained. Generally three sub-clusters (1A, 1B and 2A) were mixed since

they had isolates from almost all the diffe 1t sites sampled.

Large proportions 38 (27.1%) and 46 (30.7%) were positive for the spvC and invA
virulence genes respectively. RFLP patterns of 16S rRNA gene fragments indicated that
the band sizes ranged from 50 bp and 572 bp and from 50 bp to 300 bp for EcoRI and
Haelll respectively. The g 1t similarities in the antibiotic resistance profiles of
Salmonella isolates from the different locations indicated that isolates share similarly
antibiotic exposure histories. In addition, the similarities in the RFLP patterns of 16S
rRNA gene fragments also revealed that the data may be of great epidemiological

importance and therefore be very useful in identifying the source of contamination.
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DEFINITION OF CONCERPTS

Antibiotic resis 1ce: is the ability of a given | :teria to Irvive the exposure to a

defined concentration of an antimicrobial agent.

Bacteriophage: a virus that is parasitic (reproduces itself) in bacteria.

Cluster analysis: A comparative analysis of typing data collected for a variety of

bacterial isolates in order to group them based on the similarity of their data.

Restriction Fragment Length Polymorphism: A DNA fingerprinting that used different
restriction enzymes to produce a specific banding pattern to determine genetic

similarities of different bacteria strains.

Fingerprint: specific banding pattern displayed by an isolates on application of one or

more typing method.
Plasmid: is a circular DNA molecule that can replicate inc >endently from the
chromosome and promote lateral transfer among different species of bacteria through

the conjugation process.

Polymerase Chain Reaction: is a molecular method that u:¢ | to amplify specific

regions of DNA many tin oy using primers.
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Phylogeny: the process in which lineage of organisms evolved by separation from

common ancestors

Species: collection of bacterial cells which share an overall similar pattern of traits in

contrast other bacteria whose pattern differ significantly.

Typing: A phenotypic and/or genetic analysis of bacterial isolates below the species
level that is employed to generate strain specific fingerprints that could be used in
investigating cross contaminations, transmission patterns and/or sources of infections in

humans or consumers of a particular food product.
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CHAPTER 1
INTRODUCTION AND PROBLEM STATEMENT

1.1 GENERAL INTRODUCTION

Salmonella is a rod-shaped and Gram negative bacteria within the family
Enterobacteriaceae (Specimens, 2015). Salmonella species and subspecies are found
almost everywhere in the environment, hence they easily infect humans and animals
(Su and Chiu, 2007). The natural hosts of Salmonella species are humans and warm
blooded animals, and they reside as normal flora in their hosts gastrointestinal tract
(Todar, 2005). However, a number of Salmonella species have been associated with
disease in humans and these strains are currently known to cause disease especially
salmonellosis in humans and animals globally (Huruy ef al., 2011; Moreno Switt ef al.,
2013). Salmonella species are therefore considered to be one of the most widespread
foodborne pathogens that are responsible for high mortality amongst humans in both
developing and developed countries (Graham, 2002; Molla ef al., 2003; Zamxaka ef al.,

2004; Akhtar et al., 2014).

Salmonella species have the potential to cause zoonotic diseases in humans and most
outbreaks have been associated with consumption of contaminated food products
(Lynch et al., 2009; Friesema et al., 2012). Moreover, infections caused by Salmonella
species present severe life threatening complications in infants, elderly people, and
immune compromised individuals (Gordon et al, 2008; Morpeth et al, 2009).
Salmonella species may be harboured by various animal species including food

producing animals such as cattle, poultry and swine (Giorgio, 2000; Sillankorva ef al.,



2012). Wild birds and rodents have also been reported to serve as reservoirs for
Salmonella species although they are currently not considered to be potential source for

human infections (Van Der Walt et al., 1997).

The presence of pathogenic Salmonella strains in food producing 1imals suggests that
these organisms may be transmitted to the carcass and raw food products if proper
hygiene measures are not implemented during preparation and processing of the
products (Akhtar et al., 2014). The health risks associated with these pathogens are
high in communities where individuals rely on ready to eat food products especially if
the food products were contaminated and undercooked (Rocourt et al., 2003).
Salmonella species are known to cause infections in humans that range from simple
diarrhoea, fever, headache, body aches and vomiting (Giorgio, 2000) to more
complicated reactive arthritis (Leirisalo-Repo ef al., 1997) and focal infections (Cohen et

al., 1987, Acheson and Hohmann, 2001).

The world population is growing rapidly and the demand for food including meat is on
the rise (Vasil, 1998; Flachowsky et al., 2005). To meet the expectations of consumers
food products must be free of pathogenic microorganisms and therefore should be safe
(Akhtar et al., 2014). However, increased demand may introduce severe pressure on
production processes and therefore provide opportunities for the introduction of
pathogenic organisms including Salmonella species into the food chain. Salmonella
specic have been or 1to cause seve human infections e 1in countt ; ich

as e UK, _ar Ja and the L_\ that have advanced public health and health care



systems (Majowicz et al, 2010). Despite this, currently there's no documented
information on the occurrence and virulence profiles of these pathogens in animals and
their corresponding food products in the North West Province in South Africa and

therefore this study was designed to generate such base line data.

1.2 PROBLEM STATEMENT

The emergence of antimicrobial resistant Salmonella species has become a norm in
most developing and developed countries (Threlfall, 2002; Akond et al., 2013). Against
this backdrop, human medicine and the food industry are challenged every day by the
presence of muitiple antibiotic resistant bacteria (White et al., 2002; Delicato et al.,
2004). In addition, the use of antimicrobial agents in the treatment of infections in food
producing animals or as prophylaxis and growth stimulants have been identified as
potential sources that promote the constant development of antimicrobial resistant
determinants among bacterial species (Aarestrup, 1999; Forshell and Wierup, 2006).
Antimicrobial resistant pathogens may be transmitted to humans through the
consumption of contaminated food products, especially if its undercooked (White ef al.,
2001). Antimicrobial resistant Salmonella species are therefore of great public health
concern and they are some of the most common foodborne pathogens that pose a
severe challenge to human medicine worldwide (Van Den Bogaard and Stobberingh,
2000; White et al., 2009). The presence of drug resistant Sa/monella strains in food
products in a given area may strongly suggest the need to implement strict control

n su o that will 1t cross contamination with consumers (Lu and Koeris, 2011).



This may not only reduce drug treatment failure rates among humans especially in the
given area but may be of great epidemiological significance (Lu and Koeris, 2011).

Given the challenges faced with the managen 1t of antimicrobial resistant strains that
infect humans through contaminated food products, bacteriophages have shown some
potential as alternative biological means for destroying or reducing the level of resistant
bacteria strains in food products (Alisky et al., 1998; Garcia et al., 2008). Food safety
regulations are designed to ensure that processing plants operate under certain
guidelines that ensure that food products are free of pathogenic microbes or that the
microbial content in the finished food product is within acceptable limits for it to be
considered safe for human consumption. Unfortunately, in some food production
facilities standard operating procedures might not be followed strictly by employees at

all times and this may pose a serious threat to public health (Delicato et al., 2004).

However, given the constant rise in antibiotic resistant bacteria s......c, ccccc. o y-S
have also been reported to significantly reduce the level of bacterial contamination in
carcasses at both pre and post-slaughter stages in food processing plants such as
abattoirs (Hudson et al, 2005). The use of bacteriophages is based on certain
advantages they have and these include the fact that they reside in the same
environment as their bacterial hosts hence are easy and cheap to isolate (Sillankorva et
al., 2012). These advantages provide a cheaper approach that may be more effective in
addressing the problems caused by antibiotic resistant bacterial strains that claim

mil of humanli g ly.



To the best of our knowledge, there is no data in which Salmonella species and their
specific bacteriophages have been isolated from both their specific animal hosts and
their associated raw meat products in South Africa and the North West Province in
particular. The present study is therefore designed to isolate, characterize and
determine the virulence capabilities of Salmonella and Salmonella specific
bacteriophages from cattle faeces and raw beef in the North West Province, South
Africa against environmental antibiotic resistant isolates. Data generated from the
current study may be of epidemiological importance. In addition the data may also
provide options for biological control of Salmonella species in the food production

industry.

1.3 RESEARCH AIM AND OBJECTIVES

1.3.1 AIM

The aim of the current study was to isolate, characterise and determine the virulence
capabilities of Salmonella and Salmonella specific bacteriophages from cattle faeces
and raw beef obtained from some supermarkets and butcheries in the North West

Province, South Africa against environmental antibiotic resistant isolates.

1.3.2 OBJECTIVES
The objectives of the study were to:

> isolate Sa/monella strains from cattle faecal and raw beef s: )les



confirm the identities of Salmonella isolates using preliminary (Gram-stain,
oxidase test, substrates fermentation, TSI test) and confirmatory (APl 20E,
serotyping, Salmonella specific PCR) identification tests

determine the antibiotic resistance profiles against a par  of 12 antimicrobial
agents

screen isolates for the presence of Salmonella specific virulence genes
determine the genetic similarities of Salmonella isolates using PCR-RFLP

isolate Salmonella specific bacteriophages from cattle faecal samples using both
control and environmental strains

determine the plague morphology of the bacteriophages

evaluate the lytic capabilities of the bacteriophages against environmental

Salmonella isolates.
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CHAPTER 2

LITERATURE REVIEW

2. LITERATURE REVIEW

2.1 Background

Salmonella species belong to the family Enterobacteriaceae and they are rod shaped,
non-spore forming and Gram negative bacteria (Specimens, 2015). Individual cells are
most often motile; range from 0.7 to 1.5 um in diameters and usually possess
peritrichous flagella (Fabrega and Vila, 2013). The genus Sa/monella is made of two
species that include Salmonella enterica and Salmonella bongori (Brenner et al., 2000;
Gillespie and Hawkey, 2006; Su and Chiu, 2007). Sa/monella enterica is further divided
into six subspecies viz enterica, salamae, diarizonae, arizonae, indica and houtenae
and more than 250 serovars (Brenner et al., 2000; Gillespie and Hawkey, 2006; Su and
Chiu, 2007). These different Salmonella species and subspecies are found almost
everywhere in the environment and are well known to infect both humans and animals

(Su and Chiu, 2007).

Salmonella strains cause illnesses ranging from mild food poisoning to typhoid fever
and paratyphoid fever in humans (Ryan and Ray, 2004). Differences in host
preferences and the potential of Sa/monella species to produce diseases with very
specific clinical signs in humans have led to clinical categorisation of these pathogens

o et al., 2012). “3almoi1 la eci e therefore classified as invasive or non-

invasive strains def 1ding on the mechanism in which disease is manifest (Okoro et al.,



2012). Salmonella infections in humans usually occur through the consumption of
contaminated food products but the manifestation of disease greatly depends on host-
bacterial interaction and therefore the severity of the disease is based largely on the

degree of susceptibility of the host (Gordon et al., 2008; Feasey et al., 2012).

Salmonella species occur as normal flora in the GIT of animals and humans and their
presence in the environment may result through uncontrolled release of faeces (Bicudo
and Goyal, 2003; Callaway et al., 2005). Salmonella species are found almost
everywhere in the environment and this increases the chance of food contamination
(Sillankorva et al., 2012; Akhtar et al., 2014). It has been reported that Sa/monella
strains can easily contaminate meat products during processing if proper hygiene
measures are not fully implemented in the facility (Bicudo and Goyal, 2003; Sillankorva
et al., 2012). With this in mind, Salmonella species have been isolated from different
food products that include raw meat, poultry, seafood, raw eggs, fruits and vegetables
and these have been reported to serve as potential sources for human infections
(Authority, 2011; Sillankorva ef al., 2012). Even though food processing plants have
standard hygiene guidelines to follow in order to minimize contamination, it is still
difficult to totally eliminate contamination (Rocourt et al., 2003). It is therefore important
to constantly monitor the level of contaminants in the raw food products and in food
processing plants. This may provide an indication of the health risks associated with the
consumption of these products. In addition, there is a need to implement strict control
measures to improve food quality and to limit foodborne infections especially in

developing countries like South Africa (Sillankorva et al., 2012; Akhtar et al., 2014).

10



A number of strategies are currently being utilized during food production and
preparation in order to reduce contamination and ensure food safety (Gorris, 2005;
Biran ef al., 2012). However, these control strategies are challenged by changes in
human lifestyle, demand and the protocols that guide the international trade of food
products (Rocourt ef al., 2003). Moreover, the emergence of antil tic resistant bacteria
strains including Salmonella species also presents a huge challenge to both the food
production industry and the medical profession (Van Den Bogaard and Stobberingh,
2000; White et al., 2009; Lu and Koeris, 2011). There is a need for more effective
control strategies to be implemented during food processing or production in order to
ensure improved food quality with reduced foodborne infection risks (Holah et al., 2002;

Buncic and Sofos, 2012).

Recently, bacteriophages have been considered as potential antimicrobial agents for
different bacterial pathogens (Alisky ef al, 1998; Callaway et al., 2008; Shin et al.,
2012). Bacteriophages have a lot of advantages over conventional antimicrobial agents
since they are host specific, self-replicating and self-limiting, low inherent toxicity to their
hosts and they are able to prolong the shelf life of food products (Sillankorva ef al.,
2012). In addition, bacteriophages are easy to isolate since they are usually found in the
same environment as their bacterial hosts (Sillankorva et al., 2012) and this makes the
approach very cheap (Calci ef al.,, 1998; Hsu ef al., 2002; Atterbury ef al., 2003). They

have been isolated from animal faeces (Calci et al., 1998), raw products (Hsu et al.,

11



2002; Atterbury et al., 2003), fermented products (Suarez et al, 2002), processed
products (Kennedy Jr ef al., 1986), and seafood (Croci et al., 2000).

Bacteriophages have been used to reduce the level of contamination or cross
contamination in the food industry and as an indicator tool to detect pathogenic bacteria
(Abuladze et al., 2008; Garcia et al., 2008; Callaway et al.,, 2010; Sillankorva et al.,
2012). The utilization of bacteriophages during the growth stage in animals or prior to
slaughter and on the carcass after slaughter have been reported ) significantly reduce
microbial loads (Hudson et al, 2005; Sillankorva et al., 2012). Moreover,
bacteriophages have also been used as biopreservative and biosanitazation agents in
the food chain (Greer, 1988; Sillankorva et al., 2012). The capabilities of bacteriophages
to kill multi-drug resistant bacteria have attracted a lot of attention worldwide in recent
years (Osayande, 2014). This has resulted in more research that focus on the use of
bacteriophages as a potential biocontrol agents against resistant bacteria (Osayande,
2014). Any success made may greatly assist in addressing issues of antibiotic

resistance that are facing mankind.

2.2. Epidemiology

2.2.1. Salmonella species in animals, particularly food producing animals
Salmonella species are able to persist in different food products of animal origin due to
the fact that they are naturally found in the GIT of several animal species (Meyer et al.,
2010; Miller, 2015). The presence of patho¢ ic bacteria species including Sa/moi
strains in food producing animals ampl..cs the need to implement strict control

measures that will ensure food safety (Howe, 2015). The growing human population

12



relies on different agricultural products ranging from meat, milk and vegetables to meet
their vital dietary requirements. Based on this a balance between human protein
requirements and dietary supply may play a pivotal role in supporting the health and

well-being of individuals worldwide (Consultation, 2011).

The pressure created by the high demand of agricultural products increases the
chances of compromising the operational standard procedures during processing of
food products of animal origin from farm-to-fork, and as a result agricultural products
may be contaminated even before they arrive at the retail shops (Hedberg, 2014; Arr

and El-Rahman, 2015; Yang ef al., 2015). The Iattef is known to account for the huge
increase in foodborne infections worldwide. This magnifies the need for food producing
industries to implement strategies that will add to the existing control measures in

ensuring better food safety in the food chain (Hedberg, 2014).

Food producing animals can be reared in various ways and for different purposes.
Despite this, the ultimate goal is to produce food for human consumption. During the
different stages of growth, animals require veterinary attention including food and water
so that they can grow properly. During the growth process animals shed different
pathogens with faeces (Vidic et al, 2015) . The presence of pathogens including
Salmonella species in the environment provides opportunities for them to cross
contz....nate meat and other food products (White ef al., 2001; Van ef al., 2007; Zarei ef
al., 2013; Niyoi ma ef al., ~)15). In addition, »me studies have shown a rect

correlation between pathogenic bacteria that were harboured by animals and their

13



associated food products, especially if hygiene measures were compromised in any of
the processing stages between farm and fork (Van De Venter, 2000).

Several factors are known to contribute to bacterial contamination of animals before and
after slaughter .ewell et al., 2008) which in turn increase the chances of foodborne
infections on consumers as well as the risks of disease occurrence (Rostagno, 2009).
These factors may include stress during transportation and tt  waiting time before
slaughter (Barham et al., 2002; Beach et al., 2002). These factors are known to promote
the uncontrolled release of faeces by animals. In addition, the hides and visceral
contents have been reported to play a major role in contaminating carcasses in
abattoirs, especially if hygiene measures are not properly implemented during
processing of animals (Reicks et al., 2007). On the other hand, contamination of bovine
meat can further occur post-slaughter through incorrect storage temperature during
distribution or if the hands of employees are contaminated with pathogens (Nel et al.,

2004).

Generally, issues relating to meat contamination can only be addressed when all
stakeholders that are involved in the processing of food products from farm-to-fork
utilize an integrative control measure in the different stages of production (Niyonzima et
al., 2015). In addition, the implementation of more systematic control measures may
greatly enhance food safety (Nel et al., 2004). Despite all the above considerations, the
world is still faced with the challenge of contaminated food products that claim millions
of livi every year in both ¢ reloping 1d developed countries (Al et ., 201«

This is due to the fact that eitt ' most of the control measures in place are unable to
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totally eliminate the pathogens in food products or that they are compromised especially
during meat processing (Mead, 1994).

2.2.2. Contamination of food products

Food products are easily cont: nated by various foodborrc pauivyciio w wiicrent
stages of processing and this has been a huge challenge for mankind especially when
hygiene measures are not fully implemented (Beuchat, 1996; D: al, 2009). Foodborne
contamination issues cannot be addressed by a country working in isolation and
therefore require the active participation of different countries in the world (Van De
Venter, 2000). Contaminated food products that are of poor quality must be identified by
regulators as they will have been linked to foodborne outbreaks in humans (Lynch ef al.,
2009; Potter et al., 2012). Thus contaminated food products have been reported to

significantly contribute to the dissemination of foodborne pathogens worldwide.

The presence of pathogenic bacteria or biological hazards has resulted in the recalls of
agricultural products and therefore operational standards play a major role in the quality
of the finished products (Potter ef al., 2012). Against this background there is a need to
capacitate employees, food producers and suppliers with the skill and abilities that are
required in a retail facilities to ensure food safety (Potter et al., 2012). The persistence
of foodborne infections worldwide has resulted in the development of different strategies
that minimize the chances of contamination during food processing (Hedberg, 2014). In
addition, there is a need to use bacterial indicators whose presence may be used as an
indirect a« :ssn it of the microbial quality of the food product (Kleter and Marvin,

2009).
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Contamination of food products can occur at different stages during production and
processing and the: include packaging and transportation (Van De Venter, 2000).
Compromising hygiene measures at any of the production stages will result in
contamination and that may increase the risk of human infections (Dallal, 2009). The
risks on consumers vary greatly and largely depend on the type of pathogen involved,
age as well as immune status of the host (Galanakis et al., 2007; Gordon, 2008; Gordon
ef al., 2008). It has been reported that infections caused by bacterial pathogens
including Salmonella are more common in infants, eiderly people and
immunocompromised individuals (Galanakis et al., 2007; Gordon, 2008; Gordon et al.,

2008).

Despite the fact that foodborne pathogens continuously caus life threatening infections
in humans worldwide, there are a lot of challenges that negatively affect the control of
these organisms in food products (Graham, 2002; Newell et al., 2010). Despite the fact
that there are standard operational procedures in food producing facilities and that new
strategies are constantly being developed to limit or minimize foodborne pathogens in
the food chain (Fischer et al., 2005), Sa/monella in particular still claims millions of lives
every year in both developing and developed countries (Scallan et al., 2011). This
therefore indicates that there is a need to strictly implement the desired operational
procedures in personal hygiene on the farms where animals are kept (Potter et al.,

) Laaiswill © lyensu  food y 1d limit tl irdenoft 1 in 7 s,
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Salmonella species have been isolated from several food products that include meat
from different animals (Maharjan et al, 2006) and this may have serious health
implications especially if such products are consumed when they are undercooked. The
occurrence of Salmonella species in food products are reported to be on the rise
worldwide and food products such as eggs and chickens are currently considered to be
high risk sources of these pathogens (Forshell and Wierup, 2006).The situation is even
worse among African countries in which chicken are not dressed before they are
marketed (Rodrigue ef al.,, 1990). Outbreaks of Salmonella infections have also been
associated with other food products that include fruits and vegetables although the
presence of microbial contaminants in these products is usually as a result of contact
with other environmental sources (Hanning et al., 2009). Salmonella have also been
isolated in washed and unwashed beef carcasses in slaughter houses, and this
indicates that hygiene measures do not totally eliminate pathogens from food products
(Aftab et al, 2012). In addition, Sa...>nella species were detected in retail meat
products such as pork, minced beef and mutton that was intended for human
consumption (Ejeta et al., 2004; Meyer et al., 2010). However, it has been reported that
the level of Salmonella contamination in pork was lower during winter than in summer

(Meyer et al., 2010).

Generally there is a lack of information regarding the incidence of various foodborne
pathogens including Sa/monella species in humans in many countries, especially in
Africa (Van De Venter, 2000). Th mainly due to the fact that most individi do not

report cases to the hospitals or health care personnel and this amplifies the need to
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educate individuals in rural areas about the health implications of these pathogens as

well as implementing routine screening of diarrhoeal patients for these bacteria species.

2.2.3. Clinical significance of Salmonella species

Despite the fact that Salmonella species reside in the GIT of various animals, it still
remains one of the most important pathogen of both humans and animals (Su and Chiu,
2007). Salmonella species are known to most often infect childrc , elderly people and
immunocompromised individuals, especially those with underlying diseases such as
diabetes, HIV and AIDS including those who are on immuno suppressants (Acheson
and Hohmann, 2001; Fierer and Guiney, 2001). These pathogenic strains pose serious
challenges to human medicine throughout the world especially if they harbour multiple
drug resistant determinants (Kruger et al., 2004a; Akyala and Alsam, 2015; Girma,
2015). Despite the fact that the challenges caused by these pathogens occur worldwide,
the problem is more acute in developing countries (Girma, 2015). Against this
background, the findings of a study that was conducted in South Africa indicated that
Extended-spectrum Beta-lactamases (ESBL) producing Salmonella enterica serotype
Isangi is the most predominant diarrhoeal pathogen among children in most South
African hospitals (Kruger ef al., 2004b). Furthermore, multiple antibiotic resistant
Salmonella species are reported to persist in animals (Wani et al., 2013; Ahmed et al.,
2015), and this increases the chances of them being transmitted to the environment and

foodp 1 sulth _inhvaninfe  ons ( rma, 2015; M 1t et al., 2015).
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Given the contint 1 emergence of multiple antibiotic  iistant Salmonella strains, there
has been increased efforts to constantly determine the resistance profiles of circulating
strains (Negussie ef al., 2015). This is aimed at generating data on the mechanisms of
resistance and the development of effective strategies that will provide valid
contributions towards the fight against antibiotic resistant strains in general and
Salmonella in particular (Su and Chiu, 2007). Studies have also revealed that
Salmonella species isolated from animals are resistant to commonly used antibiotics
and there has been a direct relationship between resistant Salmonella strains in
humans and those originating from animals that received drugs either as growth
stimulants or prophylactic treatments (Acheson and Hohmann, 2001). This amplifies
that there is a need to regulate the uncontrolled use of antimicrobial agents in animals

(Wani et al., 2013; Girma, 2015).

2.3. Pathogenicity

2.3.1. Route of transmission

The commonly known reservoirs for Salmonella include poultry and cattle while reptiles
such as pet snakes and house flies (Musca domestica L.) have also been linked to
human Salmonella infections (Schréter et al., 2006; Ugbogu et al., 2006; Yates, 2011).
Given that Salmonella species are transmitted through the fecal-oral route, contact with
contaminated food products, especially those obtained from animal species such as
meat and eggs poses a great heath risk to consumers. This is even i )lified by the fact

that Salmonella species are zoonotic and have a very low infectious dose in animals.
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The movement of animals from one place to the another has been identified as a
potential cause for the transmission of Salmonella species to healthy animals and
humans (Forshell and Wierup, 2006). However, other significan / impc._ant routes of
transmission include equipment used on farms and in food production and other
physical sources, hence these facilitate the spread of this pathogen to cattle and
chicken situated in the same geographical location (Langvad et al., 2006; De Vyider et
al., 2011). Cross contamination with Salmonella species easily occurs in operations
such as milking dairy farms and crop cultivation in farmland that have been supplied
with manure (Radke ef al.,, 2002). Therefore the prevalence of Salmonella species
among animals, their associated food products, raw vegetables and water that is
intended for human consumption are known to be the leading causes of human
infections and its clinical significance in a given area depends largely on the level of
exposure to the pathogen (Crump et al., 2002; Forshell and Wierup, 2006; Sadeleer et

al., 2009).

2.3.2. Antimicrobial resistance

The use of antimicrobial agents in agriculture contributes largely to the persistence of
resistant Sa/monella species in the environment (Acheson and Hohmann, 2001; Kruger
et al., 2004a). Given that antimicrobial resistant strains are easily transmitted to humans
through the consumption of contaminated food, particularly those of animal origin
(Angulo et al., 2009), some studies hay  shown that Salmonel/a strains can be sistant
to either one or multiple drugs, especially those of clinical importance in humans

(Threlfall, 2002; Angulo et al., 2009). Interestingly, the resistance profiles of enteric
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pathogens isolated frc... food producing animals were highly resistant to previously
used antimicrobial agents when compared to newly approved drugs that are used in
human medicine (Bywater et al, 2004). This strongly supports findings that the
emergence of resistant strains depends largely on the misuse of antimicrobial agents in
food producing animals and specific resistance determinants can be transmitted to
humans through the consumption of contaminated food products (White et al., 2002).
Given the challenges faced by the ever increasing resista e among bacterial
pathogens coupled with the fact that new resistant strains are eve 7ing every day, there
is a need to implement strategies to curb the spread of resistant determinants especially

among Sa/monella species (Newell et al., 2010).

Salmonella species develop resistance to various antimicrobial agents through different
mechanisms and these depend on a number of factors that include the antibiotic
involved; the procedure that is used to pump the antimicrobial agent out of the cell; the
mode in which the cells destroy or modify the antimicrobial agent; strategies used to
replace or modify the antimicrobial agent and techniques employed to decreased cell
membrane permeability to the antibiotic (Abatcha ef al., 2014b). In addition, some
pathogenic bacteria develop resistance to antibiotics through gene mutations or through
the acquisition of foreign genetic material in the form of plasmids, integrons and
transposons (Walsh, 2003; Toleman ef al., 2006). Among the various classes of
antimicrobial agents used to t it Salmonellosis in both humans and animals,

Salmonella specic have been Horted to be commonly resistant to aminogh  des,
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beta-lactams, quinolones, Chloramphenicol, tetracyclines, trimethopr and

sulfonamides (Abatcha et al., 2014b).

Salmonella species have also been reported to harbour one or more genes that are
responsible for resistance to several antimicrobial agents and the gene determinants
include; cmlA, bla(TEM), aadA1, tetA, dfrA12, sul3 and class 1 or 2 integrase resistant
genes (Chuanchuen and Padungtod, 2009). Some of these gene determinants have
been transmitted to other strains through horizontal gene transfer which explains the
need to constantly monitor their occurrence in a given area (Kay et al, 2002;

Chuanchuen et al., 2010; Gyles and Boerlin, 2013).

It has also been reported that the increase in salmonellosis globally, is mainly due to the
fact that strains associated with disease easily acquired and harboured multiple
antibiotic resistance genes (Ma et al., 2007; Lynne et al., 2008; Al-Mazini and Al-Hajaj,
2015). Therefore in the presence of a related antimicrobial agents the resistance genes
in the genome of the bacteria may be expressed (Ma et al., 2007). Moreover, the
development of resistance determinants in bacterial species may also result from
pollution of the soil with faeces of livestock especially breeding stations in a given farm
and these genes can be transported through domestic sewage and industrial
wastewater to neighboring farms (Xi et al., 2015). This therefore increases the chance
of transmitting t| ;e antimicrobial resistant determinants to humans. Table 2.1 indicates
the different antibiotics used in the udy, their mechanisms ¢ action and mechani: 3

though which bac ia evade destruction against these drugs.
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2.3.3. Microbiological identification of Salmonella species

Salmonella are Gram negative, oxidase negative, rod-shaped, non- spore forming
bacteria that are predominantly motile due to the presence of peritrichous flagella
(Abdullahi, 2010; Specimens, 2015). Despite this, species of S. pollorum and S.
gallinarum are non-motile (Hendriksen, 2003). It is a facultative anaerobic bacterium
which grows in temperatures ranging from 6 °C to 46 °C (Matches and Liston, 1968). In
addition, Salmonella species are unable to ferment lactose (Hendriksen, 2003) and
therefore grow optimally in different selective media that include; Salmonella Shigella
Agar (SSA), Brilliant Green Agar (BGA) and Xylose Lysine Desoxycholate Agar (XLD)
(Winn and Koneman, 2006). Although a number of selective media have been used to
isolate Salmonella species from different types of samples, SSA has produced more
reliable results when compared with the others (Gomez ef al., 1998), and this explains

why it is frequently utilised in studies worldwide.

Biochemical characteristics that are used for presumptive identification of Salmonella
species include; the ability or inability to hydrolyse the carbohydrates glucose, lactose
and sucrose as well as produce H,S in the Triple Sugar Iron (TSl) agar (Abdullahi,
2010). In addition, serological assays have been used to confirm the identities of
Salmonella species, especially those with distinct and satisfactory colonial morphologies
such as black colonies on SSA and are Gram negative rod shaped cells (Hendriksen,
2003). The identities of Salmonella species from food products ave been confirmed
through the use of _ and H  ific anti, .~ usii , tise (M 2d

2015).
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The Analytical profile index (API) 20E is a standardized assay for the identification of
Enterobacteriaceae and this assay has been shown to be equally sensitive as
serotyping (Nucera et al, 2006). However, the sensitivities of these preliminary
identification assays depend on a number of factors and are usually time consuming
which gives room for high human error. With this in mind it is suggested that preliminary
identification assays should be used in combination with more sensitive PCR
techniques and therefore PCR assays designed to amplify the invA have been widely
utilised as a target for Salmonella species (Nucera et al., 2006). However, the sensitivity
of PCR assays most often depend on a number of factors such as the origin of the
isolates (food and clinical isolates) and the purity of the template DNA (Moraes et al.,,

2013).

On the contrary, PCR has been reported to be less time consuming, more specific and
very sensitive in the identification of Sa/monella from food products and faecal samples
(Malkawi, 2003; Rodulfo et al, 2012; Zahran and EI-Behiry, 2014). This therefore
explains the rationale behind the choice of methods used to identify Sa/monella species
in the present study. Given the pathogenic nature of Sa/monella species identification is
usually preceded by PCR assays aimed at determining the pathogenicity of the isolates
especially in clinical settings and this is achieved through amplification of virulent genes
such as the invA, spvB and spvC (Mirzaie et al., 2010; Mezal et al., 2014). Given that
the presence of Sa/monella species in humans may result through the consumption of
contaminated food products and water; contact with domestic animals, especially cattle

and person-to-person transmission, there is a need to determine the genetic
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relatedness of isolates from different sources from an epidemiological view point.
Despite the fact that Sa/monella species have been typed based on phenotypic data
such as Antibiogram, more reliable data that can be used in source tracking especially
during outbreaks of infections can be obtained through the application of genotypic
typing methods (Wattiau et al., 2011; Abatcha et al.,, 2014a). Hence, genetic typing
methods such as Restriction Fragment Length Polymorphism ,,..-LP), have been used
to determine the genetic similarities or differences among Salmonella typhimurium
obtained from different sources based on the differences in banding patterns (Sumithra
et al, 2014). In the present study RFLP was also used to determine the genetic
similarities of Salmonella isolates from cattle dung and beef in the North West Province,

South Africa.

2.4. Treatment

Salmonella infections pose a serious health challenge to humans and animals
worldwide and the management of Salmonella associated infections is achieved
through the administration of antibiotics (Van De Venter, 2000; Newell et a/., 2010;
Scallan et al,, 2011; Xi et al., 2015). However, complications caused by Salmonella
species in both humans and animals, have escalated in recent years due to the
emergence of antibiotic resistant strains (Mayrhofer et al., 2004; Newell et al., 2010; Xi
et al,, 2015; Yang et al., 2015). This is supported by the frequent isolation of multiple
drug resistant Sa/monella strains in human clinical samples (Fierer and Guiney, 2001;
Delicato et al., 2004; Srivani et al., 2011), and the presence of antibiotic resistant

determinants in strains that colonize patients negatively affects the success of the
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treatment processes. Even though Salmonella species have been reported to be
resistant to several antibiotics, increased susceptibility has been reported against 8-
lactam antibiotics, Cefotaxime, Ceftriaxone, Imipenem and fluoroquinolones (Kruger et

al., 2004a).

Given the challenges faced with the management of antibiotic resistant bacterial strains
including those belonging to the genus Salmonella (Van De Venter, 2000; Newell et al.,
2010; Scallan et al., 2011; Xi et al., 2015), there has been renewed efforts to search for
alternative agents particularly bacteriophages that have the potential of destroying these

resistant bacterial strains (Alisky ef al., 1998; Garcia et al., 2008).

2.5. Prevention

The most effective strategy of preventing bacterial infections in humans is usually
directed at the implementation of good hygiene practices especia / on the farms where
the animals are housed (Tauxe, 1997; Altekruse ef al, 1997). In addition, the
enforcement of proper personal hygiene as well as the implementation of standard
operational procedures in food processing plants are key factors that have a great
influence on the microbial quality of the finished food products (Centers for Disease
Control Prevention, 2010). Moreover, inadequate or improper cooling or heating during
processing, improper handling and fermentation or improper cieaning of working
utensils have been shown to increase cross contamination of pathogens to food

products (Bryan, 1988).
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The food industry is being challenged by the presence of resistant foodborne pathogens
every day (Van De Venter, 2000; De Freitas Neto ef al., 2010; —vangelopoulou et al.,
2014) and as a result there has been several outbreaks due to contaminated food
products in the food chain resulting in recalls of certain agricultural products (Torrence
and Isaacson, 2008; Lynch et al., 2009; Potter et al,, 2012; Bell, 2015). In order to
ensure food safety and limit financial or economic loss standard operational procedures
must always be implemented in food processing plants especially in developing
countries where individuals rarely practice proper personal hygiene (Forshell and
Wierup, 2006; Ball et al, 2011). Given these challenges proper cooking of food
products especially those of animal origin may greatly reduce the risk of human
infections since the consumption of undercooked food products has been identified as a
potential source for bacterial infections in humans (Busani et al., 2005; Forshell and
Wierup, 2006; Koppel et al.,, 2014; Motta et al., 2014). This is motivated from the fact
that Salmonella control measures must be implemented from the farm through to the
processing plants (Lynch ef al., 2007; Ngrrung and Buncic, 2008; Jones, 2011) and any

deviation may result to an unsafe food product.

In addition to proper personal hygiene and proper sanitary practices the most effective
way of preventing microbial contamination at slaughter houses include the
implementation of intervention measures such as decontamination process or treatment
of carcas¢ ; (Buncic and Sofos, 2012). Traditionally, the occurrent of { mor la
species could be controlled through ve inary inspection of stock before and af

slaughter, consistent inspection of hygiene measures implementation at all times
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throughout the processing stage and constant supervision of the overall meat handling
process (Davies et al., 1998). It has been shown that the implementation of different
control measures from farm to fork coupled with educational programs on the
implications of pathogenic bacteria as well as proper cooking techniques greatly
reduced contamination levels and the incidence of foodborne infections (Goldrick, 2003;

Stein, 2011).

2.6 Bacteriophages as potential antimicrobial agents in the food industry

Bacteriophages are viruses that infect bacteria and they have been explored for their
potential as agents that can be used to control bacterial strains (Sharp, 2001). However,
their initial application in therapeutic processes failed due to a lack of knowledge on the
scientific processes involved as well as a limitation in technology (Carlton, 1999).
However, the emergence of multiple antibiotic resistant (MAR) bacteria strains that are
known to cause millions of infections globally and thus claiming millions of lives every
year developed renewed interest in bacteriophages and they are currently being
exploited for their abilities to serve as promising antimicrobial agents (Wittebole et al.,
2014). Despite this renewed interest, to the best of our knowledge this is the first study
in the North West Province of South Africa in which Salmonella specific bacteriophages

have been isolated from environmental sources and characterised.
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CHAPTER 3

MATERIALS AND METHODS

3. MATERIALS AND METHODS

3.1. Study design, area and sample size

The cross sectional study was conducted at North West University-Mafikeng Campus in
the North West Province, South Africa and the samples were all collected from the
different districts of the North West Province. The number of samples collected during

the current study was determined using the formula outlined below

Sample (N) = (Z1.a2)*P (1-P)

d2
Z1.q = is standard normal variate at 5% type [ error (P< 0.05) and it is 0.05
P = Expected prevalence in population based on a previous study
d = Absolute error or precision (which is 5%)
For estimating the prevalence of Salmonella species, the sample size for the current
study was determined using a prevalence of 9.6% obtained in the study by (Mcevoy et
al., 2003) in United Kingdom to be the expected prevalence with the 95% confidence
level and desired precision of 5% using the formula described by (Charan and Biswas,
2013). Ba« 1 on this formula, the minimum sample size  juired was 134. Table 3.1

shows the number and nature of samples collected from different areas.
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3.1.1 Ethical clearance
Ethical clearance for this study was sought from the North West Unin sity Ethics

Committee and an ethics ID (NWU-00066-15-S9) was granted.

3.2 Sample collection

A total of 160 samples (cattle faecal material and raw beef) were collected during the
study from different areas in the North West Province (Table 3.1). Meat samples were
obtained from retail shops and butcheries in the North West Province, South Africa,
while faeces samples were collected from cattle in both commercial and communal

farms in the Mafikeng area.

Meat samples were collected in separate sterile plastic containers while faecal samples
were obtained directly from the rectum of individual animals using sterile arm length
gloves and stored in sterile plastic containers (Cummings ef al., 2010). All samples were
properly labeled and transported on ice to the laboratory for selective isolation of
Salmonella species and Salmonella specific bacteriophages. Upon arrival in the
laboratory, samples were analysed within 24 hours from the time of collection. Table 3.1

shows details of the number of samples to be collected from the different areas.

3.3l ationof Saln 1el specit
Two grams of meat and faeces were washed or dissolved in . mL (w/v) of Salmonella

« I ontbroth (N - ck, KO \ Di 1 it Ge /) dincut ¢ ob ly 37
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3.4 Bacterial identification tests

All isolates were identified using the following criteria:

3.4.1 Cellular morphology
Isolates were Gram stained using standard techniques (Cruikshank et al., 1975). All
Gram negative rods were subjected to preliminary and confirmatory biochemical

identification tests that are specific for Enterobacteriaceae (Akhtar et al., 2014).

3.4.2 Preliminary identification tests

3.4.2.1 Oxidase tests

This test was performed using the Oxidase Test strips (MB0266A) from Mast
Diagnostics (Oxoid Ltd, U.K.) in accordance with the manufacturer's published protocol.
Presumptive Salmonella isolates were tested for their inability to oxidize the oxidase
reagent (Abdullahi, 2010). Salmonella species do not possess the cytochrome enzyme
as part of their respiratory system and hence they are oxidase-negative (Maddocks et

al., 2002).

3.4.2.2 Production of H,S on the TSI medium
Triple Sugar Iron agar obtained from Merck South Africa was used to determine the
ability of presumptive Salmonella isolates to breakdown the Ibstrates glucose, lactose

and sucrose at concentrations of 0.1, 1.0% and 1.0%, respectively (Abdullahi, 2010).
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3.4.3 Confirmatory identification tests
3.4.3.1 Analytical profile index (API) 20E
All presumptive isolates were subjected to the APl 20E test (Nucera et al., 2006). The
test was performed following the manufacturer's instructions (Bio-Merieux, Marcy
I'Etoile, France). The indices obtained were interpreted using the APl web software

obtained from BioMerieux®, South Africa.

3.4.3.2 Serology test

Isolates were analysed for characteristics of Salmonella species using the Kauffmann-
White Scheme with different monovalent and polyvalent O and H antisera (Popoff ef al.,
1998) obtained from BioMerieux®, South Africa. All isolates that satisfied the serotyping

were further subjected to Salmonella specific molecular identification tests.

3.5 Molecular characterisation of Salmonella isolates

3.5.1 Extraction of genomic DNA

Genomic and plasmid DNA were extracted from all isolates that were positive for
confirmatory identification tests using Zymo Research Genomic DNA™ — Tissue
MiniPrep kit (Catalog No. D3050 & D3051-USA) obtained from Iingaba Biotec, South

Africa. The protocol was performed according to the manufacturer instructions.
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3.5.2 Quantification of genomic DNA extracted
Genomic DNA extracted from Salmonella isolates and control strains were quantified
using a Nanodrop lite spectrophotometer (Model 1558) obtained from Thermo Scientific,

USA.

3.5.3 Molecular identification of Salmonella species

3.5.3.1 Amplification of 16S rRNA gene fragments in Salmonella isolates

Salmonella isolates that satisfied both preliminary and confirm: >ry biochemical tests
were further subjected to specific molecular identification assays. PCR analysis was
performed using oligonucleotide primer combinations and cycling conditions that appear
in Table 3.2. Amplifications were performed using a DNA thermal cycler (C1000

Touch™, BIO-RAD, South Africa).

3.5.3.2 Salmonella specific PCR

All potential Salmonella isolates were subjected to species specific PCR assay
designed to confirm identities of Salmonella species based on successful amplification
of the fliC and fliB specific genes sequences. The primer pairs and PCR conditions that

were used to perform the PCR are shown in Table 3.2
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Table 3  Oxyoligonucleotide primers used in the identifica »n of Salmonella species isolated during the study, and the

cycling ditions

P ner " Sequence Targeted Amplicon PCR cycling con tions

Name _(5-3) Genes size (bp)

16S RN - TGT TGTGGT TAA TAA CCG CA 16S RNA 572 bp 94 °C for 4 min, 25 cycles of 94 °C for
1 min, 55 °C for 1 min, and 72° for 1

16S RN R CAC AAATCCATC TCT GGA min 30 sec, followe by 72 °C for 10
min

fliBF GGCAACCCGACAGTAACTGGCGATC fliB 2,976 bp 94 °C for 5 min, 35 cycles of 94 °C for
1 min, 47 °C for min, and 72 °C for 1

fliBR ATCAACGGTAACTTCATATTTG min, with a final step of 72 °C for 5 min

fliCF AAG GAATTC ATC ATG GCA CAAG fliC 1,448 bp 94 °C for 1 min, 55 °C for 1 min, 72 °C
for min, with extention of 72 °C for §

fliCR . GAA GAATTC AAC GCA GTAAAGAGA G min

(Linan Tsen, 1996, Dauga et al., 1998; Sumithra et al., 2014)
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3.5.3.3 PCR assay to detect virulence genes in Salmonella isolates

The pathogenicity of the isolates was determined through the amplification of the invA
and spvC virulence gene fragments (Chiu and Ou, 1996; Amini et al, 2010).
Oligonucleotide primer combinations and cycling conditions that appear in Table 3.3

were used for the PCR analysis.
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TABLE

3: Oligonucleotide imers used for pathogenicity determination of Sa/monella species isolated during the study,

and the cling conditions utilized in Polymerase chain reaction.
Primer Sequence (5’-3') Targeted |/ 1plicon PCR cycling conditions
genes size (bp) |

SPVC-1 ACTCCTTGCACAACCAAATGCGGA SpvC 572bp 94 °C for 5 min, 35 cycles of 94 °C for 1 min, 46
°C for 1 min, and 72 °C for 1 min, with a fin¢ step

SPVC-2 TGTCTTCTGCATTTCGCCACCATCA of 72 °C for 5 min

A GTGAAATTATCGCCACGTTCGGGCAA | InvA 284 bp 94 °C for 5 min, 35 cycles of 94 °C for 1 min, 50

°C for 1 min, and 72 °C for 1 min, witha v step

INVA- TCATCGCACCGTCAAAGGAACC l of 72 °C for 5 min

(Chiu 1, 1996; Ateba and Mochaiwa, 2014)
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3.6 Molecular typing method of Salmonella isolates

3.6.1 Restriction Fragment Length Polymorphism (RFLP) of 16S rRNA gene fragments
All Salmonella isolates were typed using the restriction fragmer length polymorphism
(RFLP) technique based on standard protocols (Shah and Romick, 1997). Restriction
enzymes EcoRV and Haelll were used for the RFLP analysis (Dauga et al.,, 1998;
Sumithra et al., 2014). Fingerprinting patterns obtained were used to assess the genetic
similarities among Salmonella isolates obtained from different sources and locations

(Shah and Romick, 1997; Fendri et al., 2013).

3.7 Electrophoresis of PCR products

Genomic DNA and PCR products were separated by electrophoresis on a 2% (w/v)
agarose gel using a horizontal Pharmacia biotech equipment system (model Hoefer HE
99X; Amersham Pharmacia biotech, Sweden). Each run was conducted at 100 volts for
10 minutes and 80 volts for 1 hour using 1X TAE buffer (40mM Tris, 1mM EDTA and
20mM glacial acetic acid, PH 8.0). Each gel contained either a 100bp or 1kb DNA
molecular weight marker (Fermentas, USA), depending on the size of the targeted
gene. The gels were stained with ethidium bromide (0.1pug/mL) for 15 minutes and
amplicons were visualized under UV light at 420nm wavelei ‘h (Sambrook et al,
1989). A ChemiDoc imaging system (Bio-Rad ChemiDoc TMMP imaging system, UK)
was used to capture the image using GeneSnap (version 6.08) software and images

we analysed in order to determine the ative si; ; of tt amplicons.
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3.8 Antibiotic Susceptibility Test

All confirmed Salmonella isolates were subjected to an antibiotic resistance assay
against 12 selected antimicrobial agents that appear in Table 3.4 to determine their
antibiotic resistance profiles (Abdullahi, 2010; Akond et al., )13). The antibiotic disc
diffusion technique was performed following the Clinical Laboratory Standard Institute
guidelines (Wikler, 2007). The antibiotic zone of inhibition diameter data was interpreted
using standard reference values (Cockerill ef al., 2012) and this was used to classify
isolates as susceptible, intermediate resistant or resistant to a particular antibiotic.
Percentage antibiotic resistance was calculated and the multiple antibiotic resistant
(MAR) phenotypes were generated for isolates that were resistant to three or more

antimicrobial agents (Rota ef al., 1996).

41






3.9. Statistical analysis

The percentage antibiotic resistance of Salmonella isolates obtained from particular
sampling location was determined by dividing the number of isolates resistant to a given
antibiotic by the total number of isolates tested. Furthermore, cluster analysis of
antibiotic resistance data for Sa/monella species isolated from the different locations
was determined using Wards algorithm and Euclidean distances on Statistica version

12 (Statsoft, US).

3.10 Isolation of Salmonella specific bacteriophages and their characterisation
3.10.1. Bacterial strains and growth conditions

Salmonella specific bacteriophages were isolated using environmental Salmonella
strains whose identities were confirmed using assays indicated in Materials and
Methods (Sections 3.4 to 3.5.3.3). In addition Salmonella enterica subsp. diarizonae
(ATCC 12325) reference strain was also used in bacteriophage isolation. All bacterial
strains were grown in tryptic soy broth (TSB) and sub-cultured on tryptic soy agar

(TAS). The plates were incubated at 37 °C for 24 hours.

3.10.2 Bacteriophage isolation and purification

Bacteriophages infecting Salmonella strains were isolated from faecal samples using a
standard protocol (Sambrock and Ressell, 2001; Niu ef al, 2012). During phage
isolation, 20 g of faecal mat was weigl 1 and dissolved in 60 mL of sterile lambda
diluent (10 mM Tris CL, pH 7.5, 8 mM MgSO,). The sample was agitated in a shaking

incubator (Model PSIE-SP(08) at room temperature for 1 minute and later left at room
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temperature for 60 minutes in order to release phage particles into the buffer. An aliquot
of 20 mL was extracted from the top layer of each sample, centrifuged at 11,000 x g for
10 minutes, and filtered through a 0,2 pm Acrodisc® disposal : syringe filters (Pall
Corporation, Ann Arbor, MI, USA). The filtrate were subjected to 20 hours enrichment
and used to detect the presence of bacteriophages and single laques were purified
three times (Niu et al., 2012). Phage stock filtrates were prepared using Salmonella
strains isolated in this study and Salmonella reference strains as described previously
(Niu et al., 2012). Briefly, purified bacteriophages were mixed thoroughly with 0.9 ml of
sterile lambda diluent (10 mM Tris CL, ApH 7.5, 8 mM MgSO,) and held at room
temperature for 1-2 hours to allow the phage particles to diffuse from the agar. The
diluent containing the bacteriophages was centrifuged at 11,000 x g for 10 minutes and
filtered through a 0,2 pum Acrodisc® disposable syringe filters ‘all Corporation, Ann

Arbor, MI, USA) to remove agar and bacterial cells.

3.10.3 Bacteriophage propagation

An aliquot of 100 uL of each phage filtrate was mixed with 1 1 _ of a mid-log-phase
culture of environmental and control Salmonella strains and incubated for 15 minutes at
37 °C to allow for attachment to the host. This was followed by addition of tryptic soy
broth amended with MgSO,4 at 10 mmol-L™", and further incubated at 37 °C for 4-6 hours
with shaking (190 rpm) until complete lysis occurred. The lysates was then centrifuged
at 5,250 x g for 20 minutes at 4 °C and filtered through a 0.2 um SFCA serum filter.

Bacteriophage stock lysates were used for phage virulence assay (Niu et al., 20'._,.
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3.10.4 Phage microplate virulence assay

The lytic capabilities of bacteriophages were assessed using a microplate phage
virulence assay (Niu et al., 2012). Briefly, high-titre phage stocks (10°-10'® PFU-ml™)
were serially diluted and incubated for 5 hours at 37 °C with overnight cultures of
bacterial strains in 96-well microplates. After incubation, wells were examined visually
for turbidity due to bacterial growth. For each isolate-phage combination, the highest
dilution of phage that resulted in complete lysis (no discernible turbidity) of bacteria was

recorded.
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RESULTS AND INTERPRETATION

4. RESULTS AND INTERPRETATION

4.1. Occurrence of Salmonella species in cattie and beef using preliminary
identification tests

4.1.1 Cellular morphology

A total of one hundred and fifty samples (cattle faecal material and raw beef) were
collected from butcheries and retail shops within the North West Province, while faecal
samples were collected from cattle in both commercial and communal farms around
Mafikeng, North West Province. A total of 300 potential Salmonella isolates were
obtained based on differences in their colonial morphologies (trai >arent to translucent
colonies with black centers that were non-lactose fermenters). The cellular
morphologies of the isolates was determined based on a standard technique (Materials
and Methods, Section 3.4.1) and detailed resuilts are shown in Table 4.1. All the
isolates were Gram negative rods and therefore satisfied the preliminary identification
for Salmonella species. The isolates were subjected to fu ier preliminary and

confirmatory biochemical identification tests for Salmonella (Akhtar ef al., 2014).
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4.1.2 Oxidase test
All 300 isolates were subjected to the oxidase test and resuits are shown in Table 4.1. A
large proportion 291 (97%) of the isolates was negative for the test and did not possess

the cytochrome oxidase which is a characteristic of Salmonella species.

4.1.3 Production of H2S on the TSI medium
Presumptive Salmonella isolates were further subjected to Triple Sugar Iron agar to
assess their ability to produce H,S in the medium (Abdullahi, 2010). Only 12 (4%) of the

isolates produced H,S and detailed results are shown in Table 4.1.

4.2. Occurrence of Salmonella species in cattle faecal and beef samples using
confirmatory identification tests

4.2.1 Analytical profile index (API) 20E

A total of 23 randomly selected presumptive Salmonella isolates that satisfied the
preliminary identification characteristics were further subjected to the analytical profile
index (APIl) 20E assay (Nucera et al., 2006) and the test was | formed following the
manufacturer’s instructions (BioMérieux, France). Eight of the 23 (34.8%) representative

isolates were identified as Salmonella species and details are shown in Table 4.2.
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4.2.2 Serological assay

All 300 presumptive Salmonella isolates were serotyped using the Kauffmann-White
Scheme with different monovalent and polyvalent somatic (O) and flagelia (H) antisera
(Popoff et al.,, 1998). Amongst these isolates 159 (53%) were positive for Salmonella
species based on agglutination with the polyvalent O antiserum and belonged to groups
A-G, while 185 (61,7%) were positive for the polyvaient H antiserum. Detailed results

are shown in Table 4.2.
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4.2.3 Amplification of 16S rRNA —2ne fragments in Salmonella isolates

To avoid any bias all the 300 presumptive Salmonella isolates obtained from cattle and
beef samples based on colony morphologies were subjected to Salmonella specific
PCR analysis for the amplification of 16S rRNA gene fragments. . .1e results indicated
that 128 (42.7%) of the isolates were positively identified as Salmonella species.
Detailed results of the number of isolates that were positive from the different samples
and areas are shown in Table 4.3. Figure 4.1 shows a representation of a 2% (w/v)
agarose gel depicting 16S rRNA gene fragments amplified from isolates and

theexpected amplicon size (572 bp) was obtained in the study.

~ 155 1RA

Figure 4.1: Agarose gel electrophoresis of Salmonella specific 16S rRNA gene
fragments amplified from isolates obtained during the study. Lane M = 100 bp DNA
marker; Lane 1 = 16S rRNA gene fragment amplified from Salmonella enterica subsp.
diarizonae (ATCC 12325); Lanes 2-14 = 16S rRNA gene fragments amplified from
isolates obtained from the different sampling sites.
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4.2.4 Salmonella species specific PCR analysis isolates

4.2.4.1 Amplification of fliC gene fragments in Salmonella isolates

All 300 presumptive Salmor Ia isolates were subjected to a species specific PCR
analysis, on the basis of successful amplification of fliC specific gene sequence. Only a
small proportion 60 (20%) of the isolates were confirmed as Salmonella and the detailed
results are shown on Table 4.3. The expected amplicon size (1448 bp) was obtained
and figure 4.2 depicts the 2% agarose (w/v) gel of gene fragments amplified from

isolates of different sc_ pling sites within the province.

1500 bp fiCgenetrag

(1448 bp)}

Figure 4.2: Agarose gel electrophoresis depicting Salmonella species specific fliC gene
fragments amplified from isolates obtained during the study. Lane M = 100 bp DNA
marker; Lane 1 = 16S rRNA gene fragment amplified from Salmonella enterica subsp.
diarizonae (ATCC 12325); Lanes 2-19 = Salmonella species specific fliC gene
fragments amplified from isolates in the study

53



4.2.4.2 Amplification of fliB gene fragments in Salmonella isolates

All the isolates were further subjected to a Salmonella species specific PCR assay to
amplify the fiB gene fragments. Eighty (26.7%) of the isolates were positively identified
as Salmonella species based on the presence of flagellins and detailed results are
shown in Table 4.3 Despite the fact that the fiB gene was succesfully amplified, it was
identitied that the amplicon size was different from what was expected. The size of the
amplicons ranged from 700-800 bp and Figure 4.3 depicts a 2% agarose (w/v) gel of fiB

gene fragments amplified from isolates.

Most Salmonella strains exhibit two structural genes (fliC and fliB) that encode flagellins.
However, only one of these structural genes is expressed in the bacterium at any given

time which may explain the differences in their occurence.

800
— fliB gene fragments

0 bp)

Figure 4.3: Agarose gel electrophoresis depicting Salmonella species specific fiiB gene
fragments amplified from isolates obtained during the study. Lane M = 100 bp DNA
marker; Lane 1 = Salmonella species specific fliB gene fragment amplified from
Salmonella enterica subsp. diarizonae (ATCC 12325); Lanes 2-12 = Salmonella species
specific fliB gene fragments amplified from isolates in the study
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Table 4.3: Proportion of isolates that were positive for Salmonella specific gene
fragments PCR analysis. Superscripts 2, ° and © indicate that the sum of occurrence of
gene determinants that encode for flagellins (° and ©) correlates with the detection of
Salmonella species specific 16S rRNA sequences (?) by PCR.

Sampling Area No. Tested | 16S rRNA fliC fliB
Mafikeng NT 176 176 176

NP 69(39.2%) 45 (25.6%) 58 (33%)
Rustenburg NT 24 24 24

NP 3(12.5%) 2 (8.3%) 5 (20.8%)
Vryburg NT 22 22 22

NP 12 (54.5%) |2 (9.1%) 5 (22.7%)
Marikana NT 12 12 12

NP 7 (58.3%) 0 (0%) 1(8.3%)
Brits NT 8 8 8

NP 8 (100%) 1(12.5%) 1(12.5%)
Ventersdorp NT 10 10 10

NP 6 (60%) 3 (30%) 2 (20%)
Potchefstroom NT 12 12 12

NP 5 (41.7%) 1 (8.3%) 3 (25%)
Carletonville NT 16 16 16

NP 8 (50%) 4 (25%) 2 (12.5%)
Lichtenberg NT 10 10 10

NP 7 (70%) 2 (20%) 1 (10%)
Stella NT 6 6 6

NP 2 (33.3%) 0 (0% 1(16.7%)
Bosnoek NT 4 4 4

NB 1(25%) 0 (0%) 1 (25%)
TOTAL NI 300 300 300

NP 128(42.7%)? | 60 (20%)" 80 (26.7%)°
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4.3 Phenotypic characterisation of isolates using their antibiotic resistance
profiles

4.3.1. Antibiotic disc susceptibility test

All 140 isolates identified as Sa/monella species based on amplification of Salmonella
specific genes (16S rRNA, fliC and fIiB) were subjected to antibiotic susceptibility test
against a panel of twelve different antimicrobial agents. Detailed results are shown on
Tables 4.4A and 4.4B including Figures 4.4A and 4.4B. Large proportions of the isolates
from both cattle faecal and beef samples were most often resistant to Erythromycin 120
(83.3%), Rifampicin 129 (92.1%), Penicillin 132 (94.3%), Ampicillin 86 (61.4%), and
Cephalexin 101 (72.1%). On the contrary these isolates showed very little resistance
(4.3% to 37.9%) against Cefixime, Nalidixic Acid, Gentamicin, Ciprofloxacin,

Tetracycline, Norfloxacin and Chloramphenicol.
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Table 4.

\: Proportion of isolates from the different stations that were resistant to the antibiotics tested.

57

Samplii rea No. AP(10) CFM(5) NA(30) GM(10) CIP(5) T(30)
Tested
Mafikeng NT 16 16 16 16 16 16
NR 9 (56.3%) 4 (25%) 1 (6.3%) 2 (12.5%) 1(6.3%) 4 (25%)
Rustel u NT 24 24 24 24 24 24
NR 12 (50%) 13 (54.2%) |9(37.5%) |0 (0%) 8 (33.3%) 7 (29.2%)
Vryburg NT 22 22 22 22 22 22
NR 15 (68.2%) 8 (36.4%) 3(13.6%) |0 (0%) 2(9. %) 6 (27.3%)
Marikana NT 12 12 12 12 12 12
NR 6 (50%) 4 (33.3%) 4 (33.3%) | 4(33.3%) 6 (50%) 6 (50%)
Brits NT 8 8 8 8 8 8
NR 4 (50%) 0 (0%) 2 (25%) 0 (0%) 0 (0%) 4 (50%)
Venters NT 10 10 10 10 10 10
NR 8 (80%) 3 (30%) 0 (0%) 0 (0%) 1 (10%) 4 (40%)
Potchefsi m NT 12 12 12 12 12 12
NR 9 (75%) 6 (50%) 1 (8.3%) 0 (0%) 1 (8.3%) 3 (25%)
Carleton NT 16 16 16 16 16 16
NR 11 (68.8%) 6 (37.5%) 2(12.5%) |1(6.3%) 1(6.3%) 8 (50%)
Lichtenbe NT 10 10 10 10 10 10
NR 7 (70%) 5 (50%) 2 (20%) 0 (0%) 0 (0%) 6 (60%)
Stella NT 6 6 6 6 6 6
NR 4 (66.7%) 2 (33.3%) 3 (50%) 2 (33.3%) 1(16.7%) 2 (33.3%)
| Bo: o« NT 4 4 4 4 4 4
NR 1 (25%) 2 (50%) 0 (0%) 0 (0%) 1 (25%) 0 (0%)
TOTAL NT 140 140 140 140 140 140
B NR 86 (61.4%) 53 (37.9%) |27 (19.2%) | 9 (6.4%) 22(15.7%) 48(34.3%)
AP ( n; llin), CFM (Cefixime), NA (Nalidixic Acid), GM (Gentamicin), CIP (Ciprofloxacin), T (Tetracycline)
NT= Nur er Tested, NR= Number Resistant







Table 4.. 3: Proportion of isolates from the different stations that were resistant to the ant

iotics tested.

Sampling Area No. Tested A NOR(10) E(15) RP(5) C(30) PG(10) CFXM(30)
Mafikeng NT 16 16 16 16 16 16

NR 1 1(6.3%) 14 (87.5%) | 15 (93.8%) 2 (6.3%) 16 (100%) 13 (81.3%)
Rustenbi 3 NT 24 24 24 24 24 24

NR | 4 (16.7%) 24 (100%) 24 (100%) 5 (20.8) 24 (100%) 15 (62.5%)
Vryburg NT | 22 22 22 22 22 22

NR 0 (0%) 16 (72.7%) | 18 (81.8%) 2 (9.1%) 18 (81.8%) 9 (40.9%)
Marikana NT 12 12 12 12 12 12

NR 0 (0%) 10 (83.3) 12 (100%) 12 (100%) 12 (100%) 7 (58.3%)
Brits NT 8 8 8 8 8 8

| NR 0 (0%) 8 (100%) 8 (100%) 2 (25%) 8 (100%) 5 (62.5%)

Ventersd > NT 10 10 10 10 10 10

NR 0 (0%) 8 (80%) 8 (80%) 2 (20%) 8 (80%) 8 (80%)
Potchefsi o NT 12 12 12 12 12 12

. NR 1 (8.3%) 10 (83%) 12 (100%) 2 (16.7%) 12 (100%) 12 (100%)

Carletor 2 | T 16 16 16 16 16 16

R 0 (0%) 10 (62.5) 12 (75%) 0 (0%) 14 (87.5%) 14 (87.5%)
Lichtenb 3} NT 10 10 10 10 10 10

NR 0 (0%) 10 (100%) 10 (100%) 2 (20%) 10 (1000%) 9 (90%)
Stella NT 6 6 6 6 6 6

NR 0 (0%) 6 (100%) 6 (100%) 4 (66.7%) 6 (100%) 6 (100%)
Rnchnek NT 4 4 4 4 4

NR o\~ vy 4 (100%) 4 (100%) 1 (25%) 4 (100%) 3 (75%)
TOTAL NT 140 140 140 140 140 140

NR 6 (4%) 120 (83.3%) 1129(92.1%) |34 (24.3%) |132(94.3%) | 101 (72.1%)
NOR ( xacin), E (Erythromycin), RP (Rifampicin), C (( icol), PG (Penicillin), CFXM (Cephamycin)
NT=N ir Tested, NR= Number Resistant
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4.5A and 4.5B). Despite the fact that phenotype AP-CFM-T-E-RP-PG-CFXM was
observed only in 1 isolate obtained from Mafikeng, a cause for concern is that this
isolate was resistant to 7 of the 12 antibiotics tested. In addition the AP-CFM-NA-CIP-
NOR-E-RP-PG was not only dominant among isolates from Rustenburg but the isolates
were resistant to eight different antimicrobial agents. In general the detection of multiple
antibiotic resistant Salmonella isolates in this study indicates that they may not only
negatively affect the treatment of human infections but also serve as reservoirs for the

transmission of these resistant determinants to other bacterial strains.

Table 4.5A: Predominant multiple antibiotic-resistant phenotypes for presumptive
Salmonella isolated from cattle faeces and beef in different sampling areas in the North
West Province. Phenotypes were generated using abbreviations that occur in the
antibiotic discs

Sample Phenotype No. %
Area Ot ‘:rved
Observed

Mafikeng E-RP-PG-CFXM 4 25%

(NO=16
AP-E-RP-PG-CFXM 4 25%
RP-PG-CFXM 3 18.8%
AP-CFM-E-RP-PG-CFXM 2 12.5%
T-E-RP-PG-CFXM Z 12.5%
AP-CFM-T-E-RP-PG-CFXM 1 6.3%

Rustenburg (NO=24) ' AP-CFM-NA-CIP-NOR-E-RP-PG 4 16.7%
£-RP-PG-CFXM 3 12.5%
T-E-RP-PG-CFXM 3 12.5%

Vryburg(NO=22) AP-E-RP-PG 2 9.1%
E-RP-PG 2 9.1%
T-E-RP-C-PG 2 9.1%
RP-PG-CFXM 2 9.1%
AP-C. A-NA-CIP-E-RP-PG 2 9.1%
AP-CFM-e-RP-PG 2 ador. |
/v R v 2 Y1
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Table 4.5B: Predominant multiple antibiotic-resistant phenotypes for presumptive
Salmonella isolated from cattle faeces and beef in different sampling areas in the North
West Province. Phenotypes were generated using abbreviations that occur in the

antibiotic discs

Sample Area Phenotype No. %
Observed | Observed

Marikana Ar-LFM-NA-GM-CIPE-RP-PG 2 16.7%
(NC 12)

T-E-RP-C-PG 2 16.7%

CIP . E-RP-PG-CFXM 2 16.7%
Brits AP-T-E-RP-PG-CFXM 2 25%
L(NO=8)

E-RP-PG 2 25%

E-RP-PG-CFXM 2 25%
Ventersdorp AP-T-E-RP-PG-CFXM 2 20%
(NO=10)

AP-E-RP-C-PG-CFXM 2 20%
Potchefstroom AP-CFM-E-RP-C-PG-CFXM 1 8.3
(NO=12)

AP-CFM-RP-PG-CFXM 3 25%

AP-T-E-RP-PG-CFXM 3 25%

E-RP-PG-CFXM 2 16.7%
Carletonville AP-CFM-RP-PG-CFXM 2 12.5%
(NO=16)

AP-CFM-PG-CFXM 2 12.5%

AP-CFM-NA-T-E-RP-PG-CFXM 2 12.5%

AP-T-E-RP-PG-CFXM 2 12.5%

T-E-RP-PG-CFXM 2 12.5%
Lichtenberg AP . E-RP-PG-CFXM 2 20%
(NO=10)

E-RP-PG-CFXM 2 20%

AP-CFM-NA-T-E-RP-C-PG-CFXM 2 20%

AP-C, -_-F, -PG-CFXM 2 20%
Stella AP-NA-T-E-RP-C-PG-CFXM 2 33.3%
(NO=6)

AP-CFM-NA-GM-E-RP-PG-CFXM 2 33.3%
Boshoek AP-CFM-CIP-E-RP-C-PG-CFXM 1 25%
(NO=4)
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4.5 Phenotypic relationship between multiple antibiotic resistant Salmonella
isolates obtained from cattle faeces and beef based on clustering patterns using

the antibiotic inhibition zone diameter data

A total of 78 Salmonella isolates from cattle faecal and beef samples obtained from
different locations within the North West Province were randomly selected and
subjected to cluster analysis using their inhibition zone diameter data. A dendrogram
was generated and detailed results are shown in Figure 4.5 . The dendrogram was
analysed for associations of isolates from the different sampling sites and results are
shown in Table 4.6. Two major clusters ( cluster 1 and cluster 2) that contained four
sub-clasters (1A, 1B, 2A and 2B) were obtained (Figure 4.5 and Table 4.6). Generally
three sub-clusters (1A, 1B and 2A) were mixed since they had isolates from almost all
the different sites sampled. Sub-cluster 1A was the largest (N = 37) and this sub-cluster
was dominated by Salmonella isolates from all the different locations except for Stella
and Boshoek. Despite the fact that 3 (8.1%) isolates from cattle faecal samples were
present in this sub-cluster, it also possessed the majority 7 (18.9%) of isolates from beef
samples obtained from Mafikeng when compared to the other stations. The second
largest sub-cluster (sub-cluster 1) contained 6 (27.3%) of faecal and 3 (13.6%) beef
isolates obtained from Mafikeng. With the exception of Ventersdorp, Carletonville,
Lichtenburg and Stella this sub-cluster possessed isolates from all the different
sampling stations (Table 4.6). This sub-cluster also contained 3 (13.6%) isolates
respectively from beef obtained from Rustenburg and Potchefstroom. [solates from all
stations except Boshoek, Potchefstroom, and Marikana were present in sub-cluster 1B

while the smallest sub-cluster (sub-cluster 2B) only contained only 2 (50%) of beef
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isolates obtained from Mafikeng and Vryburg. The great similarities in the antibiotic
resistance profiles of Salmonella isolates from the different locations may have resulted
from the indiscriminate and frequent use of these antibiotics in animals. It is therefore
suggested that studies designed to determine relatedness of different isolates based on
clustering of their antibiogram data may provide an understanding of the evolution of
newer antibiotic resistant profiles. Furhermore, such data may be of gr

epidemiological importance and therefore be very useful in identifying the source of

contamination.
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.+ble 4.6: The percentage representation of Salmonella isola ; obtair | from different
areas within the various clusters
Sampling Area | Sample source | Cluster 1A | Cluster 1B | Cluster 2A | Cluster2B
NT= 37 NT=15 NT=22 NT=4
Mafikeng Beef 7 (18.9%) 2 (13.3) 3(13.6%) 2 (50%)
Cattle faeces 3(8.1) 0 (0%) 6 (27.3%) 0 (0%)
Rustenburg | beer 4 (10.5%) £ (13.3) 3(13.6%) |0(0%)
Vryburg Beef 2 (5.4%) 2 (13.3) 2 (9.1%) 2 (50%)
wiarikana Beer o 4 (10.8%) 0 (0%) 2 (9.1%) 0 (0%)
| Brits i Beef 3 (8.1%) 2 (13.3) 1(4.5%) 0 (0%)
ventersaorp Beef 3 (8.1%) 1(6.7%) 0 (0%) 0 (0%)
Potchefstroom | Beef 3 (8.1%) 0 (0%) 3 (13.6%) 0 (0%)
Carletonville Beef 5(13.5) 2 (13.3) 0 (0%) 0 (0%)
Lichtenberg Beef 3 (8.1%) 2 (13.3) 0 (0%) 0 (0%)
Stella Beef 0 (0%) 2 (13.3) 0 (0%) 0 (0%)
| Boshoek Beef 0 (0%) 0 (0%) 2 (9.1%) 0 (0%)

4.6 PCR assay to detect virulence genes in Salmonella isolates

4.6.1 Detection of spvC virulence gene in Salmonella isolates

A total of 140 Salmonella isolates were subjected to a virulence gene PCR analysis

through amplification for spvC (Chiu and Ou, 1996; Amini et al, 2010). A large

proportion, 46 (30.7%) of the isolates, possessed the spvC virulent gene and the

composition of isolates from the different sampling stations that were positive for this

gene are shown in Table 4.7. Despite the fact that the expected amplicon size was 572

base pairs, fragments obtained from this study were slightly larger (630 bp). Figure 4.6

shows a 2% (w/v) agarose gel depicting the spvC gene fragments amplified from

isolates.
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Figure 4.6: Agarose gel electrophoresis depicting Salmonella species specific for the
spvC virulence gene fragments amplified from isolates obtained during the study. Lane
M = 100 bp DNA marker; Lane 1 = spvC gene fragment amplified from Salmonella
enterica subsp. diarizonae (ATCC 12325); Lanes 2-18 = Salmonella species specific

spvC virulent gene fragments amplified from isolates obtained in the study.

4.6.2 Detection of invA virulence gene in Salmonelia isolates

A total of 140 Salmonella isolates were screened for the invA virulence gene and a
large proportion 38 (27.1%) were carrying this gene fragment (Table 4.7. Amplicons
obtained in this study were 380 bp and . .gure 4.7 shows a representation of a 2% (w/v)

agarose gel depicting the invA gene fragments amplified from isolates.
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invA gene fragmants
(380 bp}

Figure 4.7: Agarose gel electrophoresis depicting Salmonella species specific invA
virulent gene fragments amplified from isolates obtained during the study. Lane M = 100
bp DNA marker; Lane 1 = invA gene fragment amplified from Salmonella enterica
subsp. diarizonae (ATCC 12325); Lanes 2-14 = Salmonella species specific virulent
invA gene fragments amplified from isolates in the study
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Table 4.7: Proportion of isolates that were positive for Salmonella virulent gene PCR analysis

San ng Area No. Tested SpvC invA
Mafike NT 16 16

NP 4 (25%) 6 (37.5%)
Ruste Hurg NT 24 24

NP 5 (20.8%) 3 (12.5%)
Vrybui NT 22 22

NP 10 (45.5%) 7 (31.8%)
Marika NT 12 12

NP 3 (25%) 5 (41.7%)
Brits NT 8 8

NP 4 (50%) 4 (50%)
Vente orp NT 10 10

NP 4 (40%) 3 (30%)
Potchefstroot NT 12 12

NP 5 (41.7%) 1 (8.3%)
Carletonville NT 16 16

NP 4 (25%) 2 (12.5%)
Lichtel erg NT 10 10

NP 4 (40%) 3 (30%)
Stella NT 6 6

NP 2 (33.3%) 2 (33.3%)
Bosh Kk NT 4 4

NP 1 (25%) 2 (50%)
TOTAL NT 140 140

‘NP 46 (30.7%) 38 (27.1%)
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4.7 Restriction fragment length polymorphism (RFLP) analysis of Salmonella 16S
rRNA gene from isolates of various locations

A total of 128 Salmonella isolates obtained in the study through 16S rRNA gene
fragments amplification were subjected to restriction fragment length polymorphism
(RFLP) in order to determine their genetic similarities and differencies. The enzymes
EcoRI and Haelll were used to digest Salmonella specific 16S rRNA gene fragments
amplified from the isolates. ..1e banding patterns obtained for EcoRl and Haelll are
shown in Figures 4.8 and 4.9 respectively. Despite the fact that the majority of
Salmonella isolates produced similar banding patterns that consited of four fragments
for both EcoRI and Haelll enzymes , the fragment differed in terms of size. For EcoRI
the sizes ranged from 50 bp to 572 bp while fragments obtained with Haelll ranged from

50 bp to 300 bp.

Despite that most of the isolates yielded the same banding patterns of matching
fragment sizes based on the different enzymes used, there was a smaller percentage of
isolates that were not diggested by both EcoR/ and Haelll enzymes. Irrespective of the
sampling site, the banding patterns observed in the majority of the Sa/monella isolates
were matching in terms of fragments and sizes depending on the enzyme involved.
Moreover, the banding patterns of Salmonella isolates from cattle samples matched

those of meat samples obtained from various areas within the Nor West Province.
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Figure 4.8: Restriction fragment length polymorphism (RFLP) patterns of representative
Salmonella isolates from the different sources. Restriction enzyme EcoR/ digestion of
16S rRNA gene. Lane M = 100 bp DNA marker; Lanes 1-14 = represantative

Salmonella species band patterns observed in most of the Salmonella isolates.

300 bp

20 21 22 23 24 25 26 27 28 30 31 32 33 34 35 36 37

300 bp

Figure 4.9: Restriction fragment length polymorphism (RFLP) patterns of representative
Salmonella isolates from the different sources. Restriction enzyme Haelll digestion of
16S rRNA gene. Lane M = 100 bp DNA marker; Lanes 1-37 = represantative
Salmonella species band patterns observed in most of the Salmonella isolates obtained

from both faeces and meat products.
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4.8 Isolation of Salmonella specific bacteriophages and characterisation

4.8.1 Plaque morphology

A tntal of 10 randomly selected environmental antibiotic resistar Sal/monelia isolates
whose identities had been confirmed by both biochemical and m¢ :cular assays and a
control strain were used to isolate bacteriophages from faecal samples. All the strains
w infected by bacteriophages and produced visible plaques and detailed results are
shown in Figure 410 and 4.12. Despite the fact that plaques produced on
environmental isolates were small and showed high similarities in their sizes, those
ol ned when using Salmonella enterica subsp. diarizonae (ATCC 12325) reference

strain were much bigger.

=

Plaques observed

Figure 4.10: Double plaque soft agar assay of Salmonella enterica subsp. diarizonae
(A.. 2C 12325) reference strain. The image depicts the plagues morphology of

“ilmonellasy recific phage « v 1duringp jue assay.
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CHAPTER 5

DISCUSSION
5.1. GENERAL DISCUSSION
The primary aim of this study was to isolate Salmonella species from cattle faecal
material and raw beef samples obtained from some supermarkets and butcheries in the
North West Province, South Africa. A total of 300 presumptive isolates satisfied the
morphological characteristics of Salmonella species and a large proportions 291 (97%)
of the isolates did not possess the cytochrome enzyme that forms part of bacterial
respiratory system and therefore were oxidase-negative (Maddocks ef al., 2002). This
preliminary finding were similar to those of a previous report which indicated that
Salmonella species are usually oxidase negative (Maharjan et al., 2006), despite the
fact that a small proportion 9 (3%) of isolates have been reported to possess the

enzyme (Maharjan et al., 2006).

In addition, a large proportion, 90.3% to 100%, of these presumptive isolates were able
to ferment glucose, sucrose and lactose in the TSI medium. Salmonella species are
known not to lactose and this is currently used to morphologically differentiate
Salmonella (non-lactose fermenters) from E. coli (lactose fermenters) on MacConkey
agar which is a differential medium for Enferobacteriaceae. However, a previous report
highlighted that inability to ferment lactose and sucrose cannot be used to discriminate
Salmonella from other bacterial strains as this could present misleading data (Gonzalez,
1966). This explains the need to supplement these tests with more reliable genetic

assays.
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~2spite the fact that a large proportion 215 (71.7%) of the isolates in this study
produc 1 gas on ..iple Sugar Iron (TSl) agar and this phenotypic characteristic is
typical for Salmonella species, only a small proportion 12 (4%) produced hydrogen
sulfide (H>S) on the agar. These results are in accordance with a report by Dube (1983)
in which some Salmonella species produced gas from fermeni ion of carbohydrates
but without any hydrogen sulfide activity on TSI agar. In addition, it has been reported
that Salmonella species may not produce hydrogen sulfide gas as a result of mutation in
the bacterial genome (Barrett and Clark, 1987). Moreover, Salmonella species from
food samples have also been reported to be negative for H,S production (Sperber and
Deibel, 1969). These findings as well as those previously documented indicate that

Salmonella species may react differently to some biochemical assays.

The high unreliability of preliminary biochemical tests suggests that presumptive
identification of bacteria species including isolates belonging to the genus Salmonella
need to be supplemented with specific confirmatory tests in order to obtain true positive
results and vice versa (Gonzalez, 1966). Against this background, all the presumptive
Salmonella isolates were further subjected to confirmatory biochemical tests that
included the analytical profile index (API) 20E test (Nucera ef al., 2006) and Salmonella
specific serological assays (Popoff et al, 1998). A total of 23 representative isolates
selected randomly were analysed using APl 2C_ and among those only 8 (34.8%) we
positively identified as Salmonella species. These findings are in line with a study that
was conducted in Irag to determine the presence of Salmonella spec ; in poultry meat

(Saeed et al., 2011). The findings of the study indicated tt : not | Salmonella species
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can be identified through using APl 20E and therefore some strains will require other

more sensitive assays such as molecular genetic tests.

Serological assays are generally considered to be less labour intensive techniques with
very high sensitivity and specificity and these assays were also employed for
identification of all 300 Sa/monella isolates (Gruenewald ef al., 1990). A large proportion
185 (61.7%) of the isolates were positively identified as Salmonella species through the
use of the “H"” antigen phases 1 and 2. In addition, a significantly large proportion 159
(63%) of the isolates were also identified as Salmonella species using Salmonella
specific groups A to G “O” antigen. The results obtained using the serological assay
were in accordance with those of a previous report (Roy ef al., 2002). Furthermore, it
has also been reported that serological assays that are used to identify Salmonella
species may fail to detect some species in certain instances therefore giving false

negative results (Abouzeed ef al., 2000).

It is well known that PCR remains the gold standard tool for the identification of bacterial
isolates and this is based on its high sensitivity and specificity (Malkawi, 2003; Rodulfo
et al., 2012; Zahran and El-Behiry, 2014). All 300 presumptive Salmonella isolates were
further subjected to Salmonella specific PCR analysis that was designed to target the
16S rRNA, fliC and fliB gene fragments. These genes are present in all Salmonella
species and are therefore known to be housekeeping genes. A total of 128 (42.7%)
vlates were positively identified as Salmonella species through amplification of 16S
oNA fragn 1t and similar observations have been reported (Jadidi et ., 20’
It is suggested that the 16S rRNA gene segment is highly conserved in Salmonella
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species despite the host species and geographical location from which it was isolated
and is routinely used for the identification of Salmonella species (Sumithra et al., 2014).
Among the different locations sampled, large proportions of the isolates from beef
samples obtained from Brits 8 (100%), Lichtenberg 7 (70%), Ventersdorp 6 (60%),
Marikana 7 (58.3%) and Vryburg 12 (54.5%) were positive for the 16S rRNA gene
fragment. From these resuits it can be deduced that the level of Salmonella
contamination was high among raw beef obtained from these sampling sites and the
consumption of these food products wt 1 undercool {1 may uit in serious public

health complications in individuals in the area (Dallal, 2009).

Despite the fact that a large proportion of Salmonella isolates was positively identified
through amplification of Salmonella specific 16S rRNA gene fragments, small
proportions 60 (20%) and 80 (26.7%) possessed the fliC and fliB Salmonella specific
gene fragments respectively. Despite the fact that the number of isolates that was
positively identified as Salmonella species based on amplification of the 16S rRNA, fliC
and fliB gene fragments varied, the sum of occurrence of gene determinants that
encode for flagellins (fiC and fliB) correlates with the detection of Salmonella species
based on the 16S rRNA specific PCR analysis. This is supported by the fact that most
Salmonella strains exhibit two structural genes (fliC and f/iB) that encode flagellins and
only one of these structural genes is expressed in the bacterium at any given time
(Paiva et al., 2009). This may therefore explain the differences in their occurrence of

bothtt fliC df"~ 2nesin the isolates thatwe screened.
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Food products especially beef have been reported to cause foodborne infections
worldwide and Salmonella species have been isolated from beef products in many
countries (Ejeta et al., 2004; Meyer et al., 2010; Adesiji et al., 2011; Aftab et al., 2012).
As such Salmonella species are of great public health concern both to humans and food
quality regulating authorities (Maharjan et al, 2006). Despite the fact that infants,
immuno-con romised individuals and elderly people are the most vulnerable, bacterial
foodborne infections including those caused by Salmonella species (Gordon et al.,
2008; Morpeth et al., 2009), and the presence of these pathogens in food products is a
cause of concern. This is even amplified by the fact that Salmonella species are known
to claim millions of human lives yearly in both developing and developed countries
(Graham, 2002; Molla et al., 2003; Zamxaka et al., 2004, Akhtar et al., 2014). Despite
the fact that there is a relative acceptable number of bacterial cells which when present
in a food product still renders it safe for consumption by public health standards the
presence of these pathogens in food products including beef, still remains a public
health concern. This is motivated by the fact that Salmonella species have a very low
infectious dose and this explains why it poses serious challenges in both developing
and developed countries. It is also suggested that food products particularly those of
animal origin be properly cooked to reduce the level of contamination before they are

consumed. This will in turn reduce the occurrence and burden of human infections.

Another objective of the present study was to determine the antibiotic resistance profiles
of Salmonel isolates jainst a panel of 12 antimicrobial agents. Large proportions of
the i/monella isolates were _sis 1t to Erythre ¢ 120 (83.0 ), Rifampicin 129
(92.1%), Penicillin 132 (94.3%), Ampicillin 86 (61.4%), and Cephalexin 101 (72.1%).
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Tl e results are in agreement with several studies which indicated that Salmonella
species isolated from food and clinical samples were resistant to these drugs (Threlfall,
2002; Angulo et al., 2009; Abatcha et al., 2014b). It is reported that resistance of food
borne pathogens to antimicrobial agents usually results from the misuse or over use of
antimicrobial agents in food producing animals either as treatment options or growth
stimulants (Hao et al., 2014). Despite the benefits to both farmers and animals on using
amtimicrobial agents in animals, this still remains a complex and controversial issue
since it is still not clear if the development and presence of antimicrobial resistance
determinants is outweighed by these benefits (Marshall and Levy, 2011; Hao et al.,
2014). However, the detection of multiple antibiotic resistant Saimonella strains was a

cause for concern.

Among the antibiotics tested, Norfloxacin showed the least resistance 6 (4.3%) against
a large proportion of the Sa/monella isolates from the different sampling locations. This
might have been due to the fact that this drug is not used in animal or human medicine
in the area. Interestingly, a large proportion of isolates 129 (92.1%) were resistant to
Rifampicin (Table 4.4B). However, this drug is not used in food producing animals but in
companion animals in the area, and it is used concurrently with other drugs such as
erythromycin to limit resistance of pathogens and this may account for the high
resistance observed. Similarly, a large proportion 120 (83.3%) of these isolates were
resistant to erythromycin. These results are similar to those of a previous report in which
high resistance to erythromycin was detected among E. coli 0157 strains isolated from

food producii _ s tl area (Atel id Bezu 2t Hut, T
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Tetracyclines and Fluoroquinolones are commonly used in the t itment of disease in
livestock in most developing countries (Adesokan et al., 2015). The results obtained in
the current study showed that 48 (34.3%) of the isolates were resistant to tetracycline
while only 6 (4.3%) were resistant to Norfloxacin. However, resistance of Salmonella
isolates to tetracyclines may be linked to the fact that tetracycline is generally used in
animal medicine and as a growth promoter (Ateba and Bezuidenhout, 2008). Despite
the fact that tetracycline is a schedule 4 product which requires a prescription, it is
easily accessible over the counter and this may account for high resistance to the drug
in the area. Similarly, a large proportion 132 (94.3%) of the isolates were resistant to
penicillin and this drug is commonly used as a first line of defense against infectious

agents in both animal and human medicine in the area.

In general, a very large proportion 134 (95.7%) of the Salmonella isolates were resistant
to three or more antibiotics belonging to different classes and were termed multiple
antibiotic resistant strains. These findings are in agreement with previous reports in
which Salmonella species from food products were resistant to one or more of the
antimicrobial agents tested (Threlfall, 2002; Angulo et al., 2009). The high prevalence of
multiple antibiotic resistance (MAR) Salmonella that was observed in this study indicate
that these pathogens may not only negatively affect the t itment of human infections in
the area but also serve as reservoirs for the transmission of resistant determinants to
other bac ial strains. This is based on tk fact that food p luc” particularly those of

animal originhar t 2n Dor itot the main source of resistant bacterial strains that
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pose a huge challenge to human medicine even in countries with more advanced health
care facilities (White ef al., 2002). Against this background, it is of great importance to
implement strategies that will significantly reduce the occurrence of antibiotic resistant
foodborne pathogens, especially Salmonella species in a given area (Newell et al.,

2010).

It has been suggested that continuous surveillance of food products to monitor the
occurrence of antibiotic resistant bacterial species that are generally associated with
infections in humans and animals is of huge epidemiological importance (Cardinale et
al., 2005). In the current study, cluster analysis of antibiotic inhibition zone diameter
data of multiple antibiotic resistant Sa/monella isolates obtained from cattle faecal
material and beef was used to determine relatedness of isolates from the different
sources. Large proportions 37(48.7%) of the Salmonella isolates from cattle faecal
material and raw beef obtained from different locations clustered together. The
similarities in the antibiotic resistance profiles of the isolates was responsible for the
clustering patterns observed and this indicated that animals may be harboring multiple
antibiotic resistant strains that are transmitted to their associated food products such as

beef.

Given the public health risks associated with the presence of resistant Sa/monella
rains in animals and food products it is of great importance to ensure that proper farm
management techniques as well as appropriate standard op¢ ating measures are

imp 1 ted in both the farn  and abattoirs (Kagambé( etal.,z 3). Thisist sedon
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the premise that agricultural food products of animal origin that have been exposed to
the uncontrolled usage of antimicrobial agents are known to significantly contribute to
the emergence of antibiotic resistant strains that pose serious challenges to both
veterinary and human medicine (White ef al., 2002; Marshall and Levy, 2011; Hao et al.,

2014)

Another objective of the study was to determine the pathogenicity of the isolates
through amplification of Salmonella specific virulence gene fragments obtained from
both cattle faecal  aiterial and beef samples. Large proportions 46 (30.7%) and 38
(27.1%) of the isolates possessed the spvC and invA genes indicating that they are able
to cause health complications in susceptible individuals. Similar observations have been
reported in several studies that were designed to determine the pathogenic capabilities
of Salmonella species isolated from food products, particuiarly beef (Abouzeed ef al,,
2000; Meyer et al., 2010; Ateba and Mochaiwa, 2014, Amin and EI-Rahman, 2015).
Despite the fact that the amplicon sizes were not as expected, the sizes of these gene
fragments among the environmental and positive control Salmonella strains were

consistent.

The high prevalence of invA and spvC genes in large proportions of Sa/monella species
isolated from different locations within the North West Province indicates that beef
products sold at retail supermarkets and butcheries could serve as potential sources for
the transmission of disease to humans. The invA gene segment is present in the

genetic locus of Salmonella species and this gene determinant is responsible for the

84



ability of these pathogens to invade cells of the intestinal epithelium (Galan et al., 1992).
Moreover, expression of genes that encode the invA segment is known to initiate
internalization of cells of Salmonella organisms that is required for invasion of deeper
tissues during human infections (El-Feky et al., 2014). However, the detection of the
invA gene in 38 (27.1%) of the Salmonella strains obtained from Brits, Vryburg,

Mafikeng, Ventersdorp, Lichtenberg, Stella and Boshoek was a cause for great concern.

In general, 46 (30.7%) of the Salmonella isolates that carried the spvC gene also
possessed the invA gene while only a small proportion 8 (5.7%) of those that were
positive for the invA gene fragment did not harbour the spvC gene. These findings are
in accordance with a report involving Salmonella isolated from animals and humans in
Irag (Amini et al., 2010). However, the high prevalence of the spvC gene fragments in
large proportions of the Salmonella isolates may be due to the fact that it is plasmid
encoded and can easily be transferred through conjugation, transformation and

transduction among bacterial species (Chuanchuen et al., 2010).

Despite the fact that the mechanisms through which the two structural (spv) genes such
as spvC enhence bacterial virulence is still not well understood, it is documented that
the spvC gene segement is transiocated into the host cell during an infection through
the Salmonella pathogenicity island-2 type-three secretion system (Guiney and Fierer,
2011). In the present study, a large proportion of the Salmonella isolates obtained from
cattle faecal matter and beef haboured both invA and spvC virulent genes. The findit 3

are similar to previous reports (Abouzeed et al., 2000; Amini et al., 2010; Smith et al.,
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2015) and this may suggest that beef products can pose grave health risks, particularly

to consumers.

Another objective of the study was to determine the genetic similarities of Salmonella
isolates using PCR-RFLP. It is suggested that subtyping techniques such as RFL.
combined with phenotypic properties are very instrumental in determining the genetic
relatedness of Salmonella isolates from different sources. This could be used to
significantly determine the source of contamination during ¢ tbreaks of infection
(Abatcha ef al., 2014a) and it is recommended for epidemiological studies (Wattiau et
al., 2011). Most of the Salmonella species isolated from cattle faecal material and raw
beef produced similar banding patterns for both £coRI and Haelll enzymes. Despite
this, the bands obtained for these enzymes differed significantly with respect to their
sizes and s lar observations have been reported (Sumithra ef al., 2014). The findings
suggest that the great genetic similarities among Salmonella isolates obtained from
different sources of cattle faecal matter and raw beef indicate the need to implement

proper strategies that will limit cross contamination.

A further objective of the study was to isolate and determine the morphology of
Salmonella specific bacteriophages from cattle faecal material. The emergence of
multiple antibiotic resistant (MAR) bacterial strains including Sa/monella has resulted in
t n it failures weral human d° :a¢ ; that claim millions of lives every year
glot Iy (Abatcha et ., )14b). This has itly ¢ relope renev 1 interest in

bacteriophages and they are currently being exploited for their abilities to ¢ wve as
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promising antimicrobial agents (Wittebole et al,, 2014). In the current study all ten
different randomly selected Salmonella isolates obtained from different locations were
successful infected with bacteriophages from feacal samples and plagques were
detected using the double agar technique as shown in Figure 4.10 and 4.12. These
findings are in line with a previous report in which Salmonella and Escherichia coli
specific bacteriophages were detected in animal faeces (Callaway et al, 2008;
Callaway et al., 2010). in addition, phages in the faeces also infected the Salmonella

reference strain (Figure 4.10).
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CHAPTER 6
CONCLUSION AND RECOMENDATIONS

6.1 CONCLUSION AND RECOMENDATIONS

The main aim of this study was to detect Salmonella species from cattle faecaimaterial
and raw beef products obtained from various supermarkets and butcheries within the
North West Province. The results obtained indicated that Sa/monella species were
positively indentified and therefore their presence in raw beef in particular may p ient
serious health challenges to humans in the area. This is motivated by the fact that
foodborne pathogens including Salmonella are reported to claim millions of human lives
worldwide and these infections occur even in countries with both more advanced public
health systems and health care facilites. This therefore amplifies the need to implement

strict control measures that will greatly reduce cross contamination.

In this study, a large proportion of the isolates were resistant to three or more antibiotics
and were termed MAR strains. In addition the MAR profiles of Salmonella isolates from
different sources as well as sampling stations indicate the need to control the usage of
antimicrobial agents, especially in the agricultural sector. This is based on the notion
that the uncontrolled usage of certain antimicrobial agents either as growth stimulant or
prophylactic treatment in animals significantly contributes to the development of
resistant bacterial strains which results in treatment failures especially in human

medicine.
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The presence of virulence gene fragments in a large proportion of the Salmone

isolates indicated that cattle and beef may serve as potential sources for the
transmission of pathogenic Salmonella to humans in the area. Therefore, the
consumption of undercooked beef pose serious health risks to individi s especially
infants, the elderly and those who are immunocompromised. N -eover, the very low
infectious dose of Salmonella species amplifies the need to enforce strict control
measures in the farms, abattoirs and retail shops. However, proper cooking of meat
products by subjecting them to appropriate temperatures that inar vate the cells cannot

be overlooked.

Salmonella specific bacteriophages were detected in cattle faecal material and their
morphologies were determined. It was also determined that Salmonella specific
bacteriophages isolated from cattle faeces were capable of infecting multiple antibiotic
resistant (MAR) Salmonella strains based on the double agar plaque assay. Salmonella
specific phages did not reveal any significant virulence capabilities. However, it is
suggested that more studies designed to critically dertermine the virulence potential as
well as fully chracterise these Salmonella specific phages be performed. This will
provide options for new biological products that may be very useful in the control of

Salmonella isolates on farms and food industries.
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